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INTRODlXm)RY NOTE.

The following report presents the result* of a part of the work done
by myself and my assistants during the years 1895 and 1896, with
the exception of the first paper, which has been revised to include
material ol)tained to October 15, 1897.

The work of the office has been determined largely by the leading
entomological conditions of the biennial period. The most notable
features of the situation have been the extension of, an outbreak of

the chinch-bug northward, quite beyond the usual limits of serious
ravage by that insect: the substantial disaj^pearance or considerable
diminution of chinch-bug attack over a large j^jart of Southern Illi-

nois previously heavily infested; the discovery of the San Jose scale

in various parts of the State in 1896, anji a minor outbreak of the
arm 3^ worm early in that year throughout a large part of Central Illi-

nois. A local phenomenon of special interest was the occurrence in

a part of Christian county and adjoining counties of extensive and
extraordinary injury by white grubs. Articles on all these topics are

included in this report.

The organization of my office staff during this time has not dif-

fered essentially from that of previous years, the association of the
Entomologist's office with the State Laboratory of Natural History
under one management continuing, as before, under conditions such
that the assistants of that Laboratory have been available, as needed,
for entomological work. Acknowledgments are due especially to the
following assistants and others for services in connection with the
work here reported: To Mr. C. A. Hart, many years Systematic En-
tomologist of the Laboratory, for entomological determinations and a

variety of indispensable miscellaneous services; to Miss Lydia M.
Hart, Artist of the Laboratory, for most of the drawings used in il-

lustration of the report; to Messrs. W. G. Johnson, W. A. Snow, C.
C. Adams and H. O. Woodworth for field and laboratory observations
and experiments; to J. C. Blair, of the Horticultural Department of
the L^niversity, to R. W. Braucher, to Prof. H. E. Summers and to

Ernest B. Forbes for field work on the San Jose scale: and to Mr. B.
M. Duggar, especially engaged during the year ending June 30, 1896,
for a study of the contagious diseases of insects. Especial mention
should be made, in addition to the various references in the body of

the report, to the services of Mr. Johnson in conducting most of the
experiments described in my article on "Miscellaneous Experiments
with Chinch-bugs."'

— b. E
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I also had the advantage, during the holiday vacation period of

lS9fi, of the volunteer service of a number of advanced students of

the Agricultural Department of the University, who inspected or-

<^hards and nurseries in the vicinity of their homes in connection
with our work on the San Jose scale.



THE SAN JOSE SCALE IX TLLIXOIS.

(Aspidiotus peniiciosiis Comstock.)*

The San Jose scale is the injurious insect of the hour in the
United States. Its appearance on the Pacific Coast about 1870 and
its insidious spread throughout the country, until it now infests at

least twentj^-one states, have caused an excitement among those
economically concerned which recalls that attending the invasion of

the potato fields by the Colorado potato beetle and the American
advent and rapid distribution of the European cabbage butterfly. It

seems, indeed, to be in many respects a much more serious pest than
either of these, infesting a greater number of valuable plants, making
its way from point to point more secretly, although more slowly, and
being much more difficult to detect in its first appearances. Its

recognition and arrest are. in fact, at present quite beyond the knowl-
edge and powers of observation of the ordinary fruit grower or com-
mercial nurseryman, and it is not surprising that the alarmed and
helpless owners of property liable to destruction by it should have
turned very generally to their state and national legislatures for pro-
tection and relief.

FOOD PLANTS.

Unlike the other leading scale insects of the orchard, this scale is

almost equally at home on a large number of our most valuable
fruiting trees and shrubs, very few of those thriving in our tem-
perate climate being safe from its attack. No experiments have
been made to determine the possible variety of its food plants, but
it has been found occurring spontaneously on the apple, pear, peach,
apricot, plum, cherry, quince, grape, raspberry, l)lackberry. goose-
berry, currant, and persimmon among our fruits: on the hickory,
pecan, the English walnut, and the almond among the nut-bearing
trees; on the oak, basswood, elm, chestnut, birch, and willow among
our shade and forest trees: and on a large miscellaneous list of trees
and shrubs, including the rose, thorn-apple (CratfBgus), crab-apple,
wahoo, spirea, loquat, cotoneaster, flowering quince, flowering cur-
rant, acacia, alder, and sumach. It also seriously infests the osage
orange, spreading with the greatest facility through the thick growth
of the wayside hedge.

*The San Jose scale \s'as first discovered in Illinois in September, 18%, and little oppor-
tunity has since been aiforded for independent investigation of it. The main dependence
in the preparation of this paper has consetdiently been a special Bulletin on that insect
prepared by Messrs, Howard and JIarlatt in 1896. and Professor John B. Smith's description
of his observations in California and New Jersey,printed in his Report for 1896 as Entomologist
of the New Jersey Agricultural College Experiment Station. Although written origi-
nally to cover only the work of 1896. this article has since been revised to include field obser-
vations made up to October 15, 1897.



INJURIES BY THE SCALE.

All exposed parts of the foregoing trees and shrubs, including

bark, leaf, and in many cases even the fruit, may afford it lodgment
and food. Upon the bark of twig, branch, or trunk it may form,

when abundant, a continuous crust, completely concealing the sur-

face with a dusky or grayish scurfy deposit of closely packed

scales, so small and so nearly flat that even the observant horticul-

turist is little likely to recognize them as scale insects. A tree so

infested is readily seen to be in an unthrifty condition, but when
special information is lacking it is commonly classed simply as dis-

eased. If the surface be rubbed or scraped, however, it will have a

peculiar greasy feeling under the finger, and a yellowish litiuid may
be detected, produced by crushing bodies of the insects still living

beneath the scales.

•Examined under a hand lens during the summer, numbers of

little orange-colored larvae will be seen running about, and the snowy
white young scale will be interspersed with old blackened mature

scales. Very frequently the scale has a marked tendency to infest

the extremities of the branches and twigs. This is particularly

noticeable with pear. As usually found on peach, the scale is massed
often more densely on the older growth, and works out more slowly

toward the new wood.

'•The San Jose scale was formerly supposed to differ from all

others in the peculiar reddening effect which it produces upon the

skin of the fruit and of tender twigs. This, however, sometimes

occurs with other scales, but is a particularly characteristic feature

of this insect, and renders it easy to distinguish. The encircling

band of reddish discoloration around the margin of each female scale

is very noticeable on fruit, especially pears. Fruit severely attacked

becomes distorted, rough, and pitted, frequently cracking, and may
eventually fall prematurely or at least become unmarketable.

"The cambium layer of young twigs where the scales are massed
together is usually stained deep red or purplish, and when the scale is

only scatteringly present the distinctive purplish ring surrounding

each is almost as noticeable on young twigs as on fruit, and is of the

greatest service in facilitating the inspection of trees which have

been subject to possible contagion. The almost microscopic young
scale might easily elude the most careful search, but the striking

circling ring makes them comparatively conspicuous objects without

the aid of a glass.

"If the tree survives the attack the infested wood eventually be-

comes knotty and irregular, partly from the sapping of the juices by

the insect and also, without doubt, largely from the poisoning of the

.sap of the cambium layer by the punctures of the insect, as indicated

by the discoloration. Young peach trees will ordinarily survive

the scale only two or three years. Pears are sometimes killed out-

right, but generally maintain a feeble, sickly existence, making little

or no growth for a somewhat longer period."*

* "The San Jose Scale: its Occurrences in the United States, with a Full Account of its

Life History and the- Remedies tn be used against it." Bull, No. 3, N. S., U. S. Dept, Agrr.,

Div. Ent., p. 15.
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Accordiiii:^ to Prof. J. B. Smith, * "Peach-trees suffer most se-

verely, and succumb iu two or three years. Other thin-barked trees

come next, and suffer as they are young, or offer the insects oppor-
tunity to reach tlie inner bark layers on the trunk and main branches.
Pear-trees suffer worse than apples, but even young trees may live

on under scale attack for several years, though without making much
growth. The tree gradually becomes hide-bound, the bark wrinkles
and splits or cracks, and in that event the tree dies down from the
top. The leaves also become infested and the scales range them-
selves by preference on each side of the midrib, causing a stoppage
in growth, and a purplish discoloration. Scales attached to fallen

leaves are doomed to death, because they have no power of motion
and must starve as the leaf dries or decays. Fruit when badly in-

fested becomes distorted, and does not attain its full growth."

EXTENSION OF RANGE AND DIMINUTION OF NUMBERS.

When first introduced into a new locality, although commonly
attacked early by certain insect enemies, this scale spreads slowly
but without interruption, more or less rapidly killing the fruit trees

it attacks, continuing for several years at least a course of unmiti-
gated destruction. The effect of this slow spread combined with its

rapid rate of multiplication and the consequent concentration of vast

numbers of the scale upon a gradually enlarging area is to cause a

gradual but complete destruction, progressing from the first infested

center outwards over all fruit trees and other plants especially sub-
ject to its attack. An entire orchard, no matter how great its size,

may thus be completely ruined as by an incurable disease. It is

possible that the young scale may be conveyed to considerable
distances by flying or running insects or by birds; ordinaril)', how-
ever, such scattering of the young scale will have no permanent
effect, since females distributed here and there, one in a place, would
be little likely to be fertilized, and in most cases would perish with-
out reproduction. I have lately received, however, from Professor
J. M. Stedman, of Missouri, an interesting item of information
touching upon the agency of birds in the distribution of this scale.

In the vicinity of infested orchards in Missouri Professor Stedman
noticed that wherever a bird's nest was seen the San Jose scale had
commonly established itself, sometimes, indeed, being confined to

the branch bearing the nest, in other cases having distributed itself

more generally over the tree. Evidently the frequent passage of
birds between the nest and the infested orchard had resulted in the
frequent transfer of the young, probably including males and
females both, and in the establishment of colonies in condition to

perpetuate themselves and to serve as further centers of distribution.

On the other hand, its extension and multiplication are sometimes
checked by natural causes, which will be more fully discussed under
another head. In the southern part of its range in California—that
is from San Francisco southward—it has more or less completely
disappeared from regions formerly seriously infested, the cause of

* Rep. Ent., N. J. Ag:r. Coll. Exper. Station, for ISIW, p. 546.



this disappoarancc boin^' generally in dispute at the present time.

North of San Francisco, however, according to Professor Smith, * it

has nowhere disappeared naturally, a fact which seems to indicate

sensibility to climatic conditions, and a preference for a temperate,

somewhat moist climate, free especially from the intense dry sum-

mer heat of the southern parts of the Pacific states. There is as

yet no recorded notice of any such spontaneous disappearance or

diminution of its numbers in any eastern locality, either from

climatic conditions or from the natural multiplication of parasites.

So far as at present known to us, conseciuently, relief from its

ravages is dependent entirely upon artificial measures.

It should be clearly understood, however, that these artificial

measures are now so well developed and have been so thoroughly

tested that tlu^re is no longer any question of the ability of the fruit

grower to control this pest on his own premises, and to raise fruit

year after year in spite of it, provided only that the necessary in-

secticide applications are regularly and intelligently made.

ORIGIN AND DISPERSAL.

In the Untied States.—The original home of the San Jose .scale has

not yet been certainly ascertained. It has been found in Australia.

Hawaii, and Japan, but seems to have been first recorded from Chili

in 1872, where it was noticed on pears which had been introduced

from the United States. By 1873 it had become a serious pest in

the San Jose Valley, California, on the premises of Mr. James Lick,

the founder of the Lick Observatory. It is probable, consequently,

that it had established itself at this place at least as early as 1870.

There is, indeed, some reason to suppose that this is a native Amer-
ican species, perhaps occurring originally, as suggested by Professor

Smith, in the northern Pacific states upon some one or more of the

many wild fruiting trees and shrubs which it is now known to infest.

Mr. Cockerell. however, gives considerable indirect evidence of a

Japanese origin of the species in a recently published bulletin of

the United States Department of Agriculture.f

So far as its actual distribution has been placed on record, Arizona

seems to have become infested by 1884, New Jersey in 1886 or 1887,

Maryland in 1887, Florida in 1881), Washington, Ohio, Pennsylvania

and Virginia in 1890, Idaho, Georgia, Louisiana. Indiana and Illinois

by 1891, New Mexico and New York by 1892, Alabama,:^: Delaware,

Massachusetts and Michigan by 1893, British Columbia and Missouri

by 1894, and West Virginia by 1895. Doubtless in some of these

states the first actual invasion was of earlier date, and in many of

thorn it has been several tunos introduced and from various infested

localities. Idaho was apparently infested from Washington, and

* 1. c, p. 504.

t The San Jos6 Scale and its nearest Allies. Bull. No. (!, Tech. Ser.. U. S. Dt-pt.

Agr., p. 15.

t "In reference to the San.Jos6 Scale and its iutroductiun intoAhibaiua.it was first intro-

duced into the state in the spring: of 1893. We purchased some fruit trees from a nursery
in New Jersey."—J. W. Hoffman, Director, AiiricnUnral I)ei)iirtni<»f, SoutJi Carolina
CoHeiji'.



Louisiana from Idaho. It came to New Jersey from California, in

1886 or 188"/. and from the former State was most widely distributed

throughout the East, in the shipment of infested nursery stock. The
states now reported to have become infested from this center of

dispersal are New York, Pennsylvania, Delaware, Maryland, Vir-

ginia. West Virginia. Georgia. Ohio. Indiana, Illinois and Michigan.

In Illinois.—The earliest ascertained introduction of the San
Jose scale into Illinois was not earlier than 1886 nor later than 1891.

Mr. J. B. Hayer, a fruit grower at Sparta, in the southwest part of

the State, whose premises are now very badly infested, imported
miscellaneous nursery stock from an infested New Jersey nursery at

various intervals between these years, stopping with the last. It

was imported again to Sparta from New Jersey in 1892 and in 1894,

and to Mt. Carmel at some time not now ascertainal)le. The scale

was also brought from the same New Jersey district to Richview, in

Washington county, and to Auburn, in Sangamon county, in 1891.

These four localities are now much the most seriously and generally

infested of all in this State, the Sparta neighborhood much the

worst of all.

In 1898 it was introduced at Collinsville, in Madison county, and
in 1893 or 1894 at Monroe Center, in Ogle county. In this latter

year. 1894, it was repeatedly brought into Illinois: to Quincy and
Paloma. in Adams county; to Tremont, in Tazewell county; to West
Salem, in Edwards county; to Ernst, in Clark county; to a farm in

the eastern edge of Edgar county; and to Villa Ridge, in Pulaski
county. This was the year of its discovery and recognition in the

East, since which time it has been brought into the State of Illinois,

so far as we now know, but once—to Herrick, in the southern part of

Shelby county, in 1895—again from an Ohio dealer. The dates of

its introduction at New City. Tower Hill,Mascoutah, and Mt. Carmel
are, however, unknown to me.

Of the twenty-one colonies thus far detected in Illinois fourteen

were certainly imported from New Jersey; three came directly from
,a dealer in eastern Ohio who does not grow his stock; and one was
shipped on an order tilled l)y a nurseryman at Rochester, New York.
The origin of those remaining is not certainly known. Those from
eastern Ohio were on one or two trees in each case, obtained from
dealers in nursery stock and not grown at the localities from which
they were shipped into Illinois. That from Rochester was imported
to Illinois on currant bushes said by the nurseryman from' whom
they were bought to have been obtained from a New Jersey grower
whose stock is now known to have been infested at the time. We
thus see that the only infested districts from which it is now clearly

ascertained that the San Jose scale has been introduced into Illinois

are the above-mentioned New Jersey nurseries. The facts concern-
ing the New Jersey outbreak have been so often rehearsed in ento-

mological bulletins from several states and from the United States
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Department of Agriculture that the following brief summary of them.

taken from Howard and Marlatt's Bulletin* will serve the purposes
of this report.

"The two nurseries respoiisible for the original eastern introduc-

tion of the scale are near Burlington. N. J., and Little Silver, N. J.,

the one on the Delaware Kiver and the other near the Atlantic coast.

The scale was introduced into these two nurseries in the same way.
Either in 1886 or 1887, in the endeavor to secure a thorough curcu-

lio-proof plum, both of these nurseries introduced from California

an improved Japanese variety, the Kelsey. obtained from the San
Jos6 district. We have the statement from the proprietors of one of

the nurseries that the plum-trees in question were secured in the

spring of 1887 from San Jose, California, and were shipped through
the agency of the Missouri Nursery Compan}'. which acted in this

instance apparently as a mere transmitting agent. The trees were
uncpiestionably thoroughly infested when received, did not thrive,

and in both cases most of them were ultimately taken out and de-

stroyed. The stock, however, had been multiplied by nursery
methods, and from the original stock and that subsequently obtained
the scale spread more or less completely throughout both of the nur-

series in question.

"In the case of one of the nurseries the scale spread to bearing
pear-trees, and from these had spread yearly to neighboring nursery
trees. In the other nursery, fruit growing is quite an important
feature, and the scales had spread early from the introduced plum-
trees to bearing fruit trees, and also infested low shrubs and plants,

particularly currants of both the lilack and white varieties. It spread
finally more or less thoroughly throughout large blocks of nursery
stock. Both of these firms, when the nature of the infestation was
brought to their attention and the seriousness of the damage they
were doing was made apparent to them, undertook measures to ex-

terminate the scale. One of the nursery companies was particularly

prompt and thorough in its efforts in this direction, and deserves

great credit for the manner in which it undertook the work; the

other was for a time dilatory and seemingly indifferent, but was
forced by the necessities of its business and by pu))lic opinion to

adopt similar remedial measures."

DISCOVERY I\ ILLINOIS.

The first hint of the presence of the San Jose scale in Illinois was
received August 29, 189(5. from Mr. Chittenden, an assistant in Dr.
Howard's entomological office in Washington; in charge of the office

during the absence of his Chief, who wrote enclosing a letter from Dr.
(jr. (x. Groff. of Lewisburg. Penn., rei^orting that he had just received

from Mr. Valentine J. Kitnn, of Quincy, 111., the San Jose scale "in

its worst form.'' and asking that the Entomologist of this State be

r. S. Dept. Agr., Div. Eiit., Bull. \o. 3. pp. 36 and 37.



notified. I later learned from Mr. Kiem that this report was based

on specimens sent by him, with a request for information, to Mee-
han's "'Gardeners' Monthly."

I immediately wrote to Mr. Kiem for specimens cut from the in-

jured trees, and September 4 received from him pieces of twigs com-
pletely incrusted with the San Jose scale. The fact of the occurrence

of this insect in Illinois being thus established. I sent my most ex-

perienced entomological assistant, Mr. C. A. Hart, to Quincy with
instructions to inspect the infested premises thoroughly, and to ex-

tend his search into all orchards, nurseries and fruit gardens for two
or three miles around. According to his report, made September 9,

the Quincy attack was limited to about a dozen peach and apple-trees

received from a New Jersey nurseryman in the si)ring of 18U4, and
set in an isolated orchard of five hundred trees

(
peach, apple, pear

and cherry) some three miles out of town.

INSPECTION OF ILLINOIS OKCHARDS.

Learning from Mr. Kiem that other trees had to his knowledge
been received from New Jersey by his neighbors at about the same
time as his own, I decided to appeal to the public spirit of these out-

side nurserymen known to have distributed stock at a time when
their own premises were infested and before this fact had been as-

certained by them, in the hope of securing from them lists of their

Illinois customers to whom this suspected stock had been sent out.

By correspondence with Professor J. B. Smith, the Experiment Sta-

tion Entomologist of New Jersey, I secured the names of all nursery-

men in that state whose premises had at any time been infested

with the San Jose scale and wdio had an outside trade in nursery
stock. To my great pleasure, these gentlemen were good enough to

send me lists of purchasers in Illinois to whom it seemed to them
possible that infested trees or shrubs had at any time l)een sent.

The total number of Illinois localities given on these lists was one
hundred and nineteen, and the number of persons receiving stock

from these suspected localities was one hundred and forty-six in all.

These localities were well distributed throughout the State, from
Waukegan and Scales Mound on the north to Villa Kidge on the
south, and from Paris and Danville on the east to Moline. Quincy
and Alton on the west. To all persons who had imported this sus-

pected stock a letter of warning and advice was sent from my office

October 22, with a request that careful inspection of this material

should be made, and that specimens should be sent me if anything
of a suspicious character was found. General notice of the facts was
also published through the agricultural ])ress of the State and
through the Associated Press.

October 20 I began to visit, either personally or through com-
petent assistants, the places on our lists, with the intention of look-

ing up and inspecting critically every lot of imported stock which
we had reason to believi^ might possibly harbor the scale. As a re-

sult of these visits eighteen points in Illinois are now known to be
infested by the San Jos6 scale. At one of these we found three
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iudepondeiitly imported lots of trees which were infested, and at

another two, making twenty-one such importations thus far found in

Illinois. These infested localities are as follows, beginning at the

north part of the State: Monroe Center, in Ogle county; Tremont,
in Tazewell county: (^)aincy and Paloma, in Adams county: Auburn
and New City, in Sangamon county; Tower Hill and Herrick, in

Shell)y county; Ernst, in Clark county; Vermilion, in southeastern

Edgar county, and a farm in the same vicinity; CoUinsville, in Madi-
son county; Mascoutah, in St. Clair county; West Salem, in Edwards
county; Mt. Carmel, in Wabash county; Richview, in Washington
county; Sparta, in Randolph county, and Villa Ridge, in Pulaski
county.

COXDLTIONK AT INFESTED LOCALITIES.

The exact condition of affairs with respect to this scale reported

by my inspectors for each of the orchards now known to be infested

by it is as follows:

At Monroe Center, in Ogle county, one pear-tree in a small fruit

patch was found badly infested with the scale, the other trees in the
lot being, so far as could be seen, entirely free from it. This infested

tree had come from a New Jersey nursery in 1893 or 1894. To my letter

of (October 22. asking him to inspect his imported trees and to report

the results, the owner had replied that he had carefully examined all

his New Jersey stock, and that it was free from scale. I mention this

as evidence of the fact that the fruit grower's own inspection can not
be depended on with safety in matters of this importance.

Three miles south of Tremont, in Tazewell county, m}' inspector
found that Mr. Jacob Winzeler had purchased from New Jersey in

the springs of 1894 and 1895 a considerable number and a large

variety of trees, mostly pears, but including also a few apples, plums
and cherries, and some currant bushes. In this orchard six Japanese
golden russet pears were quite badly infested by the scale. As these
were set alternately with trees of other varieties which showed no
sign of the scale it is i^ractically certain that they were infested

when received, and it is probable that the scale has not begun to

spread. The owner has promised to burn these trees, but we have
no present assurance that the remainder of the orchard will be
sprayed.

The Quincy case has already been described. The other Adams
county locality at which the scale was found was Paloma, a small
town on the Wabash railroad. Among some forty or fifty New
Jersey trees on the premises of Thomas P. Ogle at this place only
one was found infested with the scale, and that a pear which stood
by itself on the lawn. This was dug u]) and burned by Mr. Blair,

of the Horticultural Department of the University, and the owner of

the orchard has promised to disinfect the remainder of his trees. As
these are all small, it can be done at very slight expense.

At New City, in Sangamon county, twelve miles south of Spring-
field, three plum-trees and thirteen pears (Clapp's favorite and Gar-
ber) belonging to Mr. Henry Archer were badly infested with the
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scale. These trees were said by the owner to be grafts from a

nvirsery at Louisiana, Mo., but as he had received many trees from
New Jersey whose location he was not sure of, it seems i^robabk-,

on the whole, that this was the source of the scale. The owner
promised to root up and burn the trees marked for destruction by
Mr. Blair, but did not feel that he could afford to disinfect his entire

two-acre orchard with whale-oil soap.

At Auburn, in this same county, nineteen miles south of Spring-
tield, we found live acres of fruit trees belonging to Mr. I. N. Lowe,
among which two plum-trees, eight apple-, eight pear-, and eleven

peach-trees, all im^jorted from New Jersey about five years ago,

were found so badly infested by the San Jose scale that the owner
was advised to dig them up and burn them. The osage orange hedge
beside this orchard plot was also seriously attacked. It would prob-

ably require six hundred pounds of whale-oil soap to destroy the

scale on these premises, together with a good force-pump, twenty
feet of hose, and other appliances not now in Mr. Lowe's possession.

To raise the fifty dollars or so which a thorough disinfection of this

orchard would require, the owner assured us that he would have to

•haul corn to market at thirteen cents a bushel.

Two and a half miles east of Tower Hill, in Shelby County, we
found two hundred New Jersey pear-trees and eight hundred others,

together with apples, blackberries, etc., mostly from Illinois. Five
of the New Jersey trees were badly infested by the scale, and three

others slightly so. The owner, Mr. Ct. W. Grisso, promised to burn
the infested trees.

Near Herrick, in the southern part of Shelby county, two small
trees were found, four or five feet in height, completely incrasted

with the San Jose scale. They were in a small fruit plantation l)e-

longing to Mr. S. W. Buchanan, between two and three miles north
of the town. They were obtained in 1895 from an Ohio dealer who
does not raise trees himself. Adjacent stock, consisting of pear-trees,

grape vines, apricots, red and black raspberries, and also an apple
orchard but a little distance removed, were all inspected carefull}' by
an Assistant of the office, Mr. Braucher. September 7, 1897, but with-

out further discovery of the scale.

From Ernst, in Clark county, twigs from a dwarf Duchess i^ear-

tree bought in the spring of 1894 from a Bridgeport, O., nursery,
were sent me early in December, 1896, by Mr. William C. Hammerly
with the request that I would identify the scale upon them, which
had lately attracted his attention. These twigs were thoroughl}' in-

crusted with the San Jose scale, although a dozen dwarf pears

bought at the same time, and fifty more received from the same
source in the spring of 1895. together with a number of peach-, cherry-,

and quince-trees, were reported to be perfectly clean. The infested

tree, however, was incrusted from the surface of the ground almost
to the tips of the twigs. Advised of the presence of the San Jose
scale by my reply, Mr. Hammerly wrote me on the 10th of December
that he had cut the tree down, sprayed it thoroughly with kerosene,

and burned it. As this tree came from a source not previously known
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to be infested by this scale, some correspondence followed, from

which I learned that the tree came to this State through a jobl)er or

dealer in trees who had no nursery of his own, but who had bought
it with a (quantity of others from a New York nurseryma,n on whose
grounds the scale has never been known to occur. On a subsequent

careful inspection of this entire neighborhood no other infested trees

were found.

On a farm near Sanford. Ind.. but across the Illinois line, in

Edgar county, [11., in a small plantation of about two thou.sand cur-

rant bushes, a considerable number were found by the owner in-

fested by a scale which proved on examination at my office to be the

San Jose species. The infested bushes were all of the "red Dutch''

variety, "cherry" currants mixed with them not showing the scale.

These infested bushes had been obtained in 1898 from a nursery

company at Rochester, N. Y. Mr. Howard had about fifteen acres

of fruit, but found the scale on nothing but the currants mentioned.

He promised to burn all the currant bushes in this acre field, plow
it up, and plant it to corn. As the infested patch was not immedi-
ately connected with any other fruit plot, it is possible that there

had been no extension of this imported colony.

From Mr. Howard's premises the scale was transferred by sale of

currant bushes to those of Mr. A. H. Evinger at Yermilion, in the

same county but about five miles away.

At Collinsville, in Madison county, in an orchard of about five

acres belonging to Charles Eckert, five or six large trees (apricot

and plum) were found slightly infested atone end of the orchard,

and a small apple-tree near the center of it was extensively attacked

by the San Jose scale and other orchard scales. The latter tree had
been received from New Jersey three years before, and had been
noticed by the owner as unthrifty from the beginning.

At Mascoutah, in St. Clair county, about ten trees were found in-

fested with the San Jose scale in one corner of a neglected fruit plot

on a town lot. The infested trees were peach, apple and cherry. These
had l)een imported originally from New Jersey by John Baisch.

The property has since changed hands.

In a ten-acre orcha,rd at West Salem, Edwards county, belonging
to Mr. Augustus Fischel, several Nevada pear-trees originally ob-

tained from a New Jersey nursery were found badly infested with
the San Jos6 scale, one of the trees having, in fnct. died from its

effects. An apricot was also conspicuously covered, and a tew peach
trees near by were slightly contaminated.

At Mt. Carmel, in Wabash county, a single infested plum-tree was
first found by Dr. J. Schneck, specimens of which he sent to the
office, but subsequent visits of assistants discovered the fact that a

large number of fruit trees, dispersed over at least six city blocks,

were infested with the scale, many of them badly so, and that the in-

troduction of the pest must date back several years. The number of

owners of infested premises and the great variety of sources from
which trees had been obtained by them make it now impracticable
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to trace the original importation to its source. Peach-, apple-, pear-,

cherry-, quince-, and plum-trees, rose bushes, and currant bushes
were all infested at this place.

At Richview, in Washington county, in a young eight-acre orchard,

nearly all pears, belonging to Dr. J. W. Stanton, a large number of

trees were found dead and completely covered with the San Jose
scale, the greater part of the others in this plot being also more or

less infested. A few scales were found even on the Kieffer pears,

although none of these trees were seriously affected. A part at least

of the infested trees were originally from New Jersey. From this

place the scale has spread into an old orchard adjoining, belonging
to Mr. Rice. A few San Jose scales were also found in a small pear
orchard belonging to Jasper Willgus on stock from the same source
as the preceding.

Much the most serious condition of affairs with respect to the San
Jose scale thus far found by us is that disclosed by letters from Mr.
J. B. Hayer, at Sparta. Randolph county, and by the subsequent re-

ports of inspectors from my office who have visited this place re-

peatedly since last December. Mr. Hayer's New Jersey importations
were made at various times from five to ten years ago, and since that

period he has lost about a thousand bearing apple-, peach- and pear-

trees from this scale. He has now about seven hundred trees on his

farm, all of which except his Kieffer pears are. badly infested with
the scale, many of them being completely incrusted. The same scale

was found on this farm on elm trees, wild crab-apples and rose bushes,
and on osage orange hedges beside the orchard. It has also spread
to three other orchards adjoining on the north, west and south, and
has been transferred by budding to the orchard of a son-in-law of Mr.
Hayer, Mr. Mann, living some four miles from town. Mr. Hayer
has applied various insecticides from time to time, some of them with
moderate success, biit has practically given up trying to raise peaches
and apples and buys now only the Kieffer pear. Two other fruit-

growers near this town, Mr. John Robinson andMr. W.H.Grant, have
also imported the scale from the same New Jersey situation, and have
it now in their orchards near this town.

From Villa Ridge, in Pulaski county, Mr. C. C. Spaulding sent me,
the first of March, pieces of twigs from a Transcendent crab-apple
tree obtained from a tree dealer in Ohio in the fall of 1894, the con-
dition of which had attracted his attention sufficiently to lead to his

treating it with i^vire kerosene. An examination of these specimens
showed that they were thickly covered with the San Jose scale. Fur-
ther search by Mr. Spaulding, made upon the receipt of this informa-
tion, resulted in the sending of several additional specimens bearing
scale insects, none of which, however, were of this species; but a sub-
sequent inspection made by Mr. R. W. Braucher, an Assistant of the
office, showed that one large and ten smaller peach-trees growing in

the immediate neighborhood of the tree originally worst infested also

bore the scale in comparatively small numbers. An inspection of
the other trees and shrubs in the vicinity was made with only nega-
tive results.
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It will he seen that these twenty-one Illinois colonies oH the San
Jose scale are all in orchards or small fruit plots, and none of them in

nurseries. In every case thus far detected the original importation
of the scale was made directly from the East by the owner of the
orchard, and not through any Illinois nursery. On the other hand,
it is much to be regretted that although our local nurserymen have
frequently dealt with proprietors of eastern nursery grounds which
are now known to have been at one time infested, my inspectors have
rarely l)een able to trace any stock so received beyond the Illinois

nursery through which it has passed to Illinois customers; it is con-
sequently possible that some cases of the occurrence of the scale will

thus escape our search.

DISINFECTION OF QUINCY ORCHARD.

At a meeting of the Executive Board of the State Horticultural

Society held in September. 18%, the facts with regard to this or-

chard were reported to this Board, who thereuijon passed a resolution

requesting the State Entomologist to undertake the extermination of

the scale at this place, and making an appropriation (not to exceed
$150) from the funds of the Horticultural Society for the expenses
of this procedure.

On a personal visit to Mr. Kiem's place, made a few days later, I

came to an agreement with him that he should permit nothing to

leave his premises which could possibly conve}'^ the scale to any other
locality, and that he should do all the work and provide all the assist-

ance necessary to a thorough insecticide treatment of everything on
his farm which could harbor the scale, on condition that the work
should be supervised from my office and that the insecticide should
be furnished him at our expense. As the female scales w(^re still giv-

ing birth to young at this time, I decided to postpone operations until

it w^ns certain that all the scales in the orchard were established in

fixed position on the trees. There was an additional advantage in

waiting until the leaves had fallen, as a smaller quantity of insecti-

cide would then be required for a thorough treatment of the trees,

shrubs and hedges on this place.

As Mr. J. C. Blair, of the University Department of Horticulture,

has had extensive practical experience with spraying methods in the

orchard. I gladly availed myself of his kind offer to superintend this

operation for us, and sent him November 10 on a general trip of in-

spection tlirough western Illinois, with full instructions as to the dis-

infection of the Quincy orchard. The insecticide used was whale-oil

soap obtained from Leggett & Brother, 1501 Pearl street. New York
City, at a cost of four cents per pound by the barrel. This soap was
applied in a hot solution of two pounds to the gallon of water. In
the operation a large iron pot holding about sixty gallons was
mounted in the field near the orchard, and in it water was heated
and the soap dissolved. This soap solution was taken from the pot
boiling hot and placed in a barrel on a wagon provided with an
ordinary orchard spray pump and twenty-five feet of hose with a

good spray nozzle. Three men were required for the work; one
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heating the water, one driving the team and pumping, and the third

handling the hose. Nine of the infested trees had been rooted up
and burned by the owner, but everything else in the orchard was
thoroughly drenched. Care was taken that every twig of every tree

was thoroughly soaked with this hot solution, which was, however,

doubtless cold by the time it struck the bark. The trees were care-

fully examined the next day after spraying, and all parts which the

liquid had not certainly reached were sprayed again. Patches of

raspberry canes adjoining and all the osage orange hedge in the

vicinity were similarly treated. Five hundred and ninety-five pounds
of whale-oil soap were thus used, or a total of two hundred and
ninety-eight gallons of tluid for the live hundred trees. The one and
two-year old stock required but little of the solution, but for trees

four to eight years old an average of two and a half quarts was used.

For some of the larger trees in the older part of the orchard two gal-

lons each were necessary. Mr. Blair found it expedient to direct the

spray himself, not wishing to trust to the thoroughness of persons

not familiar with this sort of work. The cost of material for this

single treatment was |23.80. For the larger trees it was, as will be

seen, eight cents per tree for the soap alone.

The second treatment of this orchard with the soap-suds spray was
begun under Mr. Blair's supervision March 27, and finished by the

owner of the premises, Mr. Kiem, March 29. The method differed

from that of the first treatment only in the use of an extension rod

to carry the spray nozzle along the larger limits.

To test the effect of this treatment, the scales remaining upon the

twigs, portions of branches, and cuttings from the bark of the trunks

of various trees were examined in early spring as sent in by the

owner. All the specimens of the San Jos6 scale which were thus

critically scrutinized were dead.

To determine more exactly the effect of this treatment, an Assistant,

Mr. R. W. Braucher, was sent to Quincy in July, 1897, with instruc-

tions to make a critical examination of every infested tree in the or-

chard, and, if necessary, of the hedge and other vegetation in the

vicinity liable to attack by the scale. At this season of the year the

presence of living scales was of course itiore easily recognized than

in early spring, since the season of reproduction was at its height,

and young scales of all ages would be found wherever any were still

alive. The following statement is drawn up from his report made
August 2.

Of the twenty-six trees in the orchard which had evidently been
infested, living scales were found upon seven, generall}^ in crevices

or holes in the bark, where they were protected from the soap solu-

tion, but in several cases upon the exposed surface, where they had
doubtless been covered by a mass of scales so thick that the soap-

suds did not reach them.

The worst infested tree remaining in the orchard was an apple-

tree which had been left as an experiment when others in similar

condition had been destroyed. The trunk and larger limbs had been

thoroughly incrusted, although most of the scales had now disap-
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peared. lu protected places which tlie rains could not reach, the
dead scales could still be picked oflp several layers deep. Mr. Kiem
reported that in the early part of the spring a handful of them could
be got in a short time by scratching the bark with the finger nail.

This tree had been sprayed five times, while the other trees were
sprayed but twice. A few living scales were still to be found on the
trunk and limbs, a part of them in holes or crevices of the bark, and
others on the smooth surface of the limbs. In picking oft' the
masses of dead scales packed into crevices in the bark, sometimes
one, and occasionally two living scales were found at the bottom of

the mass, but in most cases every one was killed. The eft'ect of the
treatment in permitting the revival of this originally thrifty tree

was very conspicuous. The old bark had been generally killed, but
the tree had made a fine growth this summer, cracking the dead bark,
which was beginning to peel oft', leaving a young clean bark l)eneath.

This condition of things was also noticed on other apple-trees, wher-
ever the scales had been very abundant.

It is thus made evident that an originally healthy tree, in the com-
plete possession of the scale, may sometimes be saved by a destruc-
tion of the insects themselves. If the surface of the trunk and
larger branches of this tree had been scraped and brushed to remove
the incrusting scales and the rough dead bark before spraying with
whale-oil soajD, it is (|uite probable that not a single scale would have
survived.

A large peach-tree, six years old, the worst infested of those left

standing, and still thickly coated with the dead scales on the trunk
and larger limbs, was also thoroughly examined. No living scales

were found on the trunk or on the larger limbs near their origin, but
a considerable number were seen on both the upper and under sur-

faces of the smooth bark of the limbs in the middle of the tree.

According to Mr. Blair's report this tree was less thoroughly sprayed
than many because of the large amount of fine brush in the top,

which made it very difficult to distribute the spray to all parts of the
tree. This difficulty would have been removed if the tree had been
vigorously trimmed before spraying. Although badly infested with
borers, it had made a very good growtli during the season, like most
of the other i:)each-trees treated.

Two or three living scales were found on the trunk of another ap-
ple-tree, the bark of which was rough and peeling oft' in patches.
It had not been very badly infested, and was now making an
excellent growth and bearing several sound apples.

Upon the trunk of still another apple-tree, more thickly infested
and with rougher bark, one or two living scales were found. On
three other apple-trees, three or four years younger than the fore-

going, a few living scales remained at the base of the trunk, eicher
under the protection of the ragged bark or under masses of scales.

AVhen these trees were sprayed in spring the ground was covered
with a mulch of manure, about two or three inches deep around the
trees, which possibly protected the base of the trunk in part from
the action of the spray. One of these three apple-trees was the
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worst infested at this time of any tree in the orchard. The
living scales were quite numerous near the ground, and were also

distributed sparsely over the trunk and larger limbs. Immature
scales were found on all three of these trees, established under pieces

of bark which had recently cracked away from the deeper layers.

Two mature females were noticed on these trees, each with a number
of young beneath the maternal scale.

It is commonly supposed that a spray of whale-oil soap of the

strength used in these treatments is destructive to the fruit buds,

but the general appearance of this little orchard would suggest

rather that the treatment which it had received was immediately
beneficial in all respects, at least to the apple-trees. These not only

blossomed freely but set a very good crop of fruit, which the owner
was sure was much less wormy than that in neighboring orchards.

Plum-trees also were in bearing, with no evidence of a diminution of

their crop. The peach blossoms in this region were all killed by
frost. Raspberries and blackberries, sprayed both in fall and spring,

were fruiting abundantly.

As a general conclusion concerning the results of this experiment,

it was Mr. Brauchers judgment that ninety-nine per cent, of the

scales in this orchard were killed, and that the remainder would
probably have been destroyed if the surfaces of the trunks and
larger limbs had received a suitable preliminary treatment with a

scraper and brush. It is very evident, however, that the treatment
ordinarily recommended at the present time for the extermination of

the scale, namely, two sprayings in the year (in fall and spring re-

spectively) with a strong solution of whale-oil soap, cannot be
relied upon to do more than to keep the attack in check. As likely

to be applied by the ordinary orchard owner or the employes of the

nurserymen it would almost certainly fail much more conspicuously
than in the case here described. This Quincy orchard will be
treated again next fall and, if necessary, the following spring, in the

light of our experience at the time.

DESCRIPTION.

The small size and inconspicuous appearance of the San Jose
scale as compared with other orchard scales with which fruit growers
are more or less familiar, make it difficult of recognition even as a

scale insect of any sort, and when identified as such its positive de-
termination as the San Jose scale is greatly embarrassed by the fact

that we have, commonly and widely distributed, three or even four
other species* of its genus which so closely resemble it that they are

not to be distinguished from it by ordinary observation. Indeed,
even the practiced entomologist will often resort to the compound
microscope and a study of a mounted slide to satisfy himself in

doubtful cases. These kindred species are but little known, and
their economic importance is not well understood. Our own ob-
servations in Illinois go. on the whole, to support the view that they

* Aspidiofiis obsrurns, A. ain'ylus, A. forltesi, and A. howurdi.
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arc of no extraordinary interest to the fruit grower, none of them
being either as abundant or as destructive when present as the com-
monest of the native orchard scales, the so-caRed scurfy scale of the

apple. Chionaspis furfurus. It often becomes, conse([uently, a

matter of special interest and importance that this most destructive

San Jos^ scale should be positively distinguished from the others,

and to this end I have had prepared by my Assistant, Mr. C. A. Hart,
the following^ comparison of characters, both superficial and minute.

Besides the San Jos6 scale there are a few other kinds of Aspid-
iotus infesting fruits, most of which closely resemble the San Jose
species, and are scarcely to be distinguished from it without a

microscopic examination of prepared specimensof the female, mount-
ed on microscope slides. The case is (|uite different, however, with
regard to the other common fruit scale insects, such as the oyster-

shell, the scurfy scale, and the rose scale, which are often supposed
to be the San Jose, but which are easily distinguished from it at

sight, as the mode of growth of their scales is on quite a different

plan. In the San Jose scale and its allies of the same genus ( Aspid-
iotus) the starting point of growth—the larval scale—is usually

near the center of each scale, marked by a minute papilla or nipple
encircled by a tiny impressed ring. This mark is usually quite evi-

dent except when rubbed off from the older scales. Around this

point the scale grows by concentric additions. That of the female
always maintains a nearly circular form, but the male scale when
about half grown begins to enlarge mostly in one direction, assum-
ing an oblong or oval shape. In the oyster-shell and scurfy scales

(Mytilaspis, Chionaspis), on the other hand, the starting point is in-

dicated by a minute dark-colored cast skin at one end, from which
growth progresses by successive additions in one direction only, as

in the shell of an oyster.

The fruit-infesting species of the first group (Aspidiotus) most
likely to be confused with the San Jos6 scale are the minor fruit-

scale, a common species in Illinois (Aspidiotus forbesi)^. Putnam's
scale (A. ancijlus) j, the obscure scale (A. ohscuriis)X,find Howard's
scale (A. liowardi)^. The minor fruit scale seems to be distinctly

whiter than the San Jos^ scale, the younger scales especially so, and
never dark-colored as in the imported species. I have seen unusually
light colored specimens of the San Jose on currant stems, but in the

many examples of apple twigs infested by both species examined at

this office, the difference was always quite evident. Howard's scale.

found on the plum in Colorado, resembles the San Jos6 scale, but lacks

the nipple and ring. Putnam's scale is also similar to the San Jos4 in

external appearance, but has a darker color, and brighter or deeper
red spots in the center of the older scales, and the nipple and ring are

not well developed.

* Johnson, Bull. 111. State Lab. Nat. Hist.. Vol. IV.. Art. XIII., p. ;jsO, IM. XXIX.
+ Conistock, Rep. U. S. Ent., 1880, p. 292, PI, XIV.. Fig. 3; PI. XXI., Fig. 4.

I Ibid. p. 303, PI. XII., Fig. 4; PI. XIII., Fig. 4.

i Coikerell.Can. Ent.,Vol. XXVII., p. 16; Gillette, Bull. 38, Col. Agr. Exper. St.ition, p. 37.
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As has l)een already stated, in order to separate the above species
it is necessary that specimens of the female be examined microscopi-
cally. If some of the larger female scales are carefully lifted, a very
flat, rounded, reddish object may be seen underneath These are the
female scale insects. Remove a few of these and boil them briefly
in a five per cent, solution of caustic potash, in order to soften and
clean theni. They may then be transferred to a drop of water on
a glass slide, and carefully covered by a microscope cover-glass.
AVhen this temporary preparation is examined ,under a moderately
high power of the microscope, the female appears as a semitranspa-
rent yellowish disc, the margins of which are smooth and unmarked,
except about the posterior extremity, which forms a slight angle',
with a number of marginal lol)es, incisions, spines, teeth, and
"plates,"" symmetrically arranged on each side of the tip. Under
favorable circumstances a number of groups of small -'spinning
glands" will be seen about the genital orifice, which lies a short dis"'-

tance in front of the posterior extremity. The glands are wanting in
the San Jos^ scale only. On each side of the deep median incision
at the apex of the posterior extremity in the San Jose scale is a
rounded lobe, notched outwardly near its tip. and beyond these is
a second pair of similar lobes. Exterior to each of these four lobes
IS a shallow incision with thickened sides, making five incisions
in all. Four small spines or seta? will be noted in the margin, the
third just exterior to the outer incision, and the fourth about as far
beyond it as the distance between the first and third. Near the third
spine, exterior to the outermost incision, the margin bears three pro-
jecting teeth, each ending in two or three points. These sometimes
become so transparent that they are not very conspicuous. The
middle pair of lobes are well separated, not closely approaching at
their inner apical angles. In the minor fruit scale, these lobes
closely approach each other at their inner apical angles, greatly nar-
rmymg the central incision, and the margin exterior to the outer in-
cision IS finely crenulated or entire, and nearlv straight, bearing onlv
the usual spines. In Putnam's scale the second pair of lobes are'want-
ing and there is nothing resembling the tliree teeth of the San Jose
scale. This species occurs on a variety of trees, including the pear
and plum, but especially on maple. Howard's scale has been found
inte^tmt; the tender bark of the twigs and the fruit of the plum in Col-
orado. It IS similar to Putnam's scale, but has traces of a second lobe

'

1 he obscure scale has been described from oak. but it also infests
truit trees. It is one half larger than the other species here compared
and the female is quite different. There are three pairs of lobes and
a third rather broad and shallow pair of incisions, just beyond which
on each side is a short tooth or projecting angle: and beyond this, at
a httle distance, are two or three similar low teeth.

LIFE HISTORY.

It should l)e clearly understood that the San Jose scale occurs in
three widely different forms; namely, the minute, active, six-leg,o-ed
larva, recently hatched from the egg or born alive from the bodv of

o
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the mother; tlio fixed and motionless scale insect, male or female

—

the form commonly seen upon the tree, and the active two-winged
male, which emerges from the so-called male scale after a period of

development to which nothing in the life history of the other sex

corresponds. As seen during the winter months, the male and female
scales of various ages -most of them, however, nearly or quite full-

grown—are mingled in the same incrusting group or colony.

The male scales give origin early in spring to the winged male,

which, flying about, fertilizes the female sheltered beneath their sep-

arate scales, and from these, living young are born—from the first of

May to early in June in Illinois according to the part of the State and
the weather of the season. The active young scale retains its power
of locomotion, at least under ordinary conditions, only a few hours,

when it slowly pushes its long and very slender beak through the

bark into the living tissue of the tree, contracts into a nearly circu-

lar form, and emits delicate waxy filaments from special glands,

which form first a matt.ed covering and then, by fusion of the fila-

ments, a smooth waxy scale. Under this scale the insect lives and
grows, and presently sheds its crust or skin, without escaping, how-
ever, from its protective covering. With successive molts the males
go through their special metamorphoses, forming wing-pads within

which the wings develop, while the female simply grows and becomes
sexually mature. Four successive generations were observed at

Washington in a single season, with some indications of a fifth. The
period from birth to maturity was from thirty-three to forty days.

The number of young produced by a single female under observa-

tion has risen as high as five hundred and eighty-six, four hundred
and sixty-four of which were females. Howard estimates two hun-
dred females as a general average of the different generations of the

year, according to which the product of a single individual from
spring to fall might conceivably amount to a billion and a half of

female scales, or to three and a quarter billions of both sexes. "It

is not to be expected, of course," says Mr. Howard, ''that all the in-

dividuals from a scale survive and perform their function in life, but
under favorable conditions, or in the case of a tree newly infested or

not heavily incrusted, the vast majority undoubtedly go through
their existence without accident. Neither the rapidity with which
trees become infested nor the fatal effect which so early follows the

appearance of this scale insect is therefore to be wondered at."

N.A.TIK.AL CHECKS ON MULTIPLIC.\TION.

The economic history of the San Jose scale in California, where it

has l)een longest known (for twenty-five years) , is involved in great

confusion, contradiction, and uncertainty, owing primarily to the fact

that it has not been continuously followed for any considerable time
at any one point by even one expert investigator. A great quantity
of evidence concerning it collected there from local sources in 18%
l)y Professor John 11 Smith, of New Jersey, is very largely a mass
of conflicting views and mutually destructive interpretations of facts
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themselves but imperfectly ascertained, and Professor Smith's own
observations extended over too brief a time to serve as satisfactory

clues to the labyrinth.

It is safe to conclude, however, that the San Jose scale has largely

diminished in numbers, or even almost wholly disappeared, in some
parts of California where it was formerly widespread, excessively

numerous, and exceedingly destructive. Even at San Jose Profes-
sor Smith says that it is not now injurious, although it was plenti-

fulh^ scattered on abandoned trees and occurred in moderate num-
bers in several cultivated orchards. It also seems clear that this a^j-

parently spontaneous disappearance has been most general and com-
plete in southern California; that it is confined, in fact, to points
from San Jose southward. Some of its causes are manifest, but
some assumed causes are doul)tful or obscure, and the share of each
in the effect produced it is impossible to estimate definitely. Un-
favorable climatic conditions, insect enemies, either predaceous or

parasitic, and fungus diseases are the agencies known or suspected.

Climatic Checks.—It is a fair inference from reported observations
that the scale does not thrive permanently in a very hot and dry
climate, or even in one subject to a long period of midsummer heat
and drouth. It has been sometimes surmised that very cold weather
is unfavorable to its continuance. It is reported by Professor Smith
to have survived in New Jersey a zero temperature and its con-
tinuance for four years on a single tree in Ogle county, near the
northern line of the State of Illinois, is still more convincing evi-

dence of its capacity to withstand low temperatures. From reports
of the U. S. Weather Bureau, kindly sent me by Mr. Charles E. Lin-
ney. Observer in Chicago, it appears that the temperature record in

Oregon, Ogle county, reached 20" below zero (Fahrenheit) in 1894,
26'^ below zero in 1895, and 15" below zero in 1896. Indeed, the en-
tire "month from the 20th of January, 1895, to the 20th of February
following was a period of extreme cold, probably lower than any like

period since systematic records have been kept within the State."
This fact further goes to show that the supposed limitation of the
distribution of this scale to the austral zone cannot be depended upon,
since a climate such as that indicated by the above temperature rec-
ords would exclude the Ogle county situation from this zone.

Entomological Enetiiies.—The recognized species of predaceous
insect enemies of this scale are six in number, and the recorded para-
sitic insect species are five. Only three of these are worthy of

present attention as highly destructive enemies of the scale, one a
parasite {ApJielinusfuscipemiis) and two predaceous enemies (C/r?7o-

corus hivnlnerns and Smilia, misella) . These three are native
American species, occur throughout the United States from the
Atlantic Ocean to the Pacific, and live on scale insects generally.
It seems quite likely, as suggested by Professor Smith, that other
insect enemies of our coccids may attack the San Jose species, if

they have opportunity, as freely as they do our native orchard scales.

There is evidently a wide and promising field for experiment here,
one in which work can be carried on readily and at small expense.
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The parasitic enemy ( Aphelinus) spoken of belongs to the hymen-
opterous family Chalcididn^, and is said by Howard to be a common
parasite of tlu^ armored scales. As described by Professor Smith:
"It is very minute, hardly as long as an ordinary San Jose scale, and
of a somewhat straw-yellow color. The eyes are dark, and as they
contrast in color, appear rather prominent. The antenn;e are rather

short and a little thickcnied at the tip, and are kept in constant mo-
tion while the insect is moving among the scales. The wings are

ordinarily laid upon the back, and when the little creature is seen

on an infested tree, it will be found walking or hopping, rather than
flying, over the scales, and testing them with its antenntB. seeking a

suitable one in which to lay an egg. In California it is easy to find

specimens on any infested tree at any time of the year. In New^
Jersey they are much more rare, and in many places the trees do
not show the slightest signs of the presence of the parasite. We
have not yet seen them in Illinois. A single egg is laid in each
scale, and the parasitic larva feeds upon the insect beneath. When
ready to emerge, the parasite cuts a small round hole in the scale,

through which it makes its exit into the open air. It is easy,

therefore, to determine the part that has been played by this insect

in lessening the number of scales, and there is no sort of doubt that

in California it is extremely effective, particularly in the southern
portions of the state.''

The two-spotted ladybird (CJtilocorm^ bivulnei-ns) , although a com-
mon insect in this region and throughout the East, has not as yet been
seen to feed upon the San Jose scale except in the Pacific states. There
is scarcely any question, however, that if it were colonized in our
infested orchards it would serve the same useful purpose here that

it does in California.

'Tt is black in color, shining, almost hemispherical in shape, and
on each wing cover, a little before* the middle, there is quite a large,

dull, orange or blood-red spot, from wdiich the insect derives its

common name. In size it varies from an eighth to three sixteenths
of an inch in length, and as increased length is also accompanied by
increased breadth and thickness, the largest specimen seems more
than double the size of the smallest. The eggs are bright yellow in

color, and (|uite large in proportion to the size of the beetle. They are

elongate-oval in shape, set on end in little groups, something like

those of the potato beetle, and in a general way resemble the eggs
of other ladybirds, which are not uncommonly found on leaves in-

fested l)y plant-lice. The larvfp are very dark gray or blackish,

spiny, and with a more or less well-marked whitish or yellowish
transverse band across the middle of the body. This mark is quite
characteristic and makes it possible to recognize t]ie insect in this

stage with great certainty. These insects may be found active at all

seasons of the year, and they feed upon armored scales in preference,
on the Pacific coast generally preferring the pernicious scale to

almost anything else. The beetle hibernates and appears towards
the beginning of May. It lays eggs, from which larvjv hatch about
the tenth of that month or a little later, and sometimes in July a

second brood of beetles makes its appearance from tlu'se larva\ In
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August the second brood of larv?e has been observed, and beetles,

apparently just issued, were found in September. The larvte feed

preferably upon active young or recently set scales, and where they

are at all numerous undoubtedly destroy a great number. When
full grown, the beetle larva attaches itself to the bark by the anal

extremity, suspends itself head down, the skin splits, and the pupa
wriggles partially out of it. In this condition it remains for a few
days, until ready to transform to an adult. This beetle I believe to

be the most effective enemy of the San Jose scale in California.

Combined with Aphelinus, it has done most effective work in the

southern counties, and is. I believe, largely responsible for the de-

crease of the scale in that part of the country."*

The third of the notably helpful species {Smilid niisella) is a very

minute ladybird, smaller than the San Jose scale itself, shining black

and broadly oval in outline. It was abundant in September in the

Quincy orchard, in this State, feeding freely upon the San Jose scale

there and breeding actively. It is comiDaratively little known in

California, where it has, indeed, only recently been ascertained to

occur as a native insect. It is apparently the most active enemy of

the San Jose scale in our region, and must. I think, produce a

marked effect upon the rate of multiplication of that species. Its life

history, as given by Professor Smith, is highly favorable to this sup-

position, for it seems to breed here as early and almost as long as the

scale itself, and has been found abundant in November and Decem-
ber. The beetles are said to i^refer the full-grown female scales, but
the larvjTp feed actively on the younger individuals. We found this

beetle abundant at Champaign April 10, 1889. on pine-trees heavily

infested with the pine-leaf scale [Chionasjiis pin ifolid'.) A dissec-

tion of specimens collected at the time showed that they were feed-

ing upon the scales.

f

Efficient as these insect enemies may prove to be as a means of

checking the multiplication of the scale when left to itself, they have
the disadvantage as an economic reliance that artificial measures for

the destruction of the scale must destroy these parasitic and preda-

ceous enemies also. Indeed, the fact is now well recognized that the

economic uses of parasites and insecticides are usually antagonistic,

and unless we are obliged to al)andon the effort to exterminate the scale

in Illinois, we can pay but little attention to the introduction and arti-

ficial multiplication of these entomological enemies of the species,

which can never be expected to exterminate any insect, but can at

best only reduce its average numbers to economic insignificance. In
fact, in those parts of California the climate of which most nearly

* Prof. Smith's Report, pp. 521, 522.

t It is a source of frequent surprise to me that the dissection method of determiniuy:the
food of insects is almost never resorted to by economic entomologists in this country, not-
withstanding the abundant evidence which has been given of its usefulness in settling
points left doubtful by observation, and even in discoverins food habits not previously sus-
pected. (See 'Notes on Insectivorous Coleoptera." and "The Food Relations of the Cara-
bidif and Coccinellidie." Bull. 111. State Lab. Nat. Hist.. Vol. I., Art. 3., pp. 153-158. and Art. 6,

pp. 33-59). Even pinned insects which have been dried for years may be readily dissected
after boiling for a little time in dilute potash solution, and will then disclose the nature of
the last food taken on an examination of the contents of the aliiiuintary canal displayed
upon a slide in glycerine under a compound microscope.
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resembles that of Illinois, the San Jose scale has never been con-

trolled by natural enemies, but it is there closely watched liy all care-

ful fruit growers, who rely always upon their own efforts to keep it

in check.*

Determined efforts have been made to introduce into California

from Australia and other western countries large numbers of species

of the natural enemies of scale insects, but thus far with only two

conspicuously successful results. There is no question that the im-

portation of I'edalid ao'dinalix has brought about a very great re-

duction in numbers, amounting to the practical extermination for

the time, at least, of the scale upon which it feeds exclusively,

namely, the Icerya purchasioi the orange; and another predaceous

enemy of this scale {Novins koehelri) , seems also to have been suc-

cessfully established; but of the forty to sixty other species whose
introduction lias been attempted, it appears from Professor Smith's

Report, so often quoted, that only one enemy of the San Jose scale

(J^hizohius lophaiifd') . has finally established itself and become widely

distributed in that State. Even this species, however, has not been

recognized as an effective enemy of the San Jose scale. It appears,

indeed, to be nowhere very abundant, and promises but little as a

means of checking the multiplication of this destructive orchard in-

sect.

Funr/ns Diseases.— Several writt>rs have indulged in slightly

founded surmises with reference to the occurrence in California of

fungus diseases of the pernicious scale, but no really tangible evi-

dence of the occurrence of such disease has yet been presented from

that State. The only certainly recognized fungus parasite of this

scale is one whose occurrence on it was first detected by Prof. P. H.
Rolfs, of Lake City, Florida, who at this writing is about to bring to

a conclusion an extensive study of its life history and economic
character. Professor Rolfs has been kind enough to send to me a

large quantity of material in the form of coccids dead from the dis-

ease produced by this fungus, and also cultures of the fungus itself.

The coccids in question were Aspidiofus ohscitrns (on water oak)

and the San Jose scale, the latter infected by Professor Rolfs by
means of artificial cultures of the fungus parasite. From these an

assistant has made pure cultures successfully, and is now extending

them in fruit-jar cultures on corn-meal saturated with milk, for the

purpose of obtaining a sufficient quantity for experimental use in

the laboratory and in the field. Prof. Roland Thaxter. to whom some
specimens have been referred, somewhat doubtfully contirms its deter-

mination—made at this office—as Sj)h(i'rostiIbe jUniimcd Tulasne.f

Further particulars are withheld, awaiting the publication of Prof.

Rolfs' report of his investigation. This experiment- has, however.

* See Prof. Smith's Report, p. 508.

t Referring to some specimens from Prof. Rolfs determined by him iThaxter) as 6'.

coccophild. he says: "The material wliich you send is far more luxuriant, and if one is to

separate 6\ cbccophila from S. .tlammea on a basis of spore measurements, 1 should say tliat

what you send is.ftattntn'a without much hesitation. The material forinerly sent me con-

tained spores which correspond to the exsiccati specimens of i'. occopJiila in Ravenel and
Rabenhorst. but it is also true that they correspond to our copy of Ravenel's S..t!(i»i)nt'<i var.

minor. * * * Tulasne remarks that the two .are very closely allied, but does not make it

plain that they may be distinguished unless by the spore measurements, which seem not
very relial»le.
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already gone far enough to encourage strong hopes that tliis fungus
parasite will serve as a permanently useful and highly efficient ally

in the destruction of this scale, and very likely of otiier injurious

scales as well.

PKECAUTIONAKY AND REMEDIAL MEASURES.

The obscure character of the San Jose scale and the ditficuity of

ridding premises of it when once iiifested, make general and precau-
tionary measures the main reliance against its ravages. The follow-

ing suggestions are made in a form to apply both to the business of

the nurseryman and to the protection and disinfection of the prem-
ises of his customers.

1. Great care should be used in selecting stock. With the num-
erous possible sources of contamination now scattered throughout
the country, no fruit grower is really safe who does not first assure

himself that the premises from which his young stock may be ob-
tained are themselves free from this insect, and who does not also

critically inspect every portion of every tree and shrub liable to

attack by this scale which comes to his premises. The best evidence
of the absence of the scale from any nursery is the high reputation
of the nurseryman for care, business method, and scrupulous honesty.
Stock from such a nurseryman in a district known to have been in-

fested by the scale in the past, is perhaps a safer investment than
indiscriminate purchases made from less reliable men in regions
where this scale has not yet been detected, (yontirmation of this

view is given by the fact that among the numerous importations
from eastern nurseries examined by us during the last few months,
only one importation made <(ffer the (liscorerij of fhis scale in those
nurseries has yet been found infested.

2. A very important additional safeguard is a certiticate of in-

spection, issued by some official expert, certifying to the freedom of

the stock in question from injurious insects and fungus diseases.

The time seems rapidly approaching when official inspection and
certificates will be a necessity of the trade. Too much reliance

must not be placed, however, upon the absolute value of an in-

spector's certificate to the absence of the San Jose scale on an}'

suspected premises or from any lot of inspected stock. It is a physi-
cal impossibility to assure one's self beyond all possible doubt that

not so much as a single fertilized scale is present on even a singk'

tree, and one such scale, if overlooked, may give rise within a very
brief time to a destructive colony. Indeed, no critically careful

inspector will issue unqualified certificates of freedom from injurious
insects or fungus diseases. It is further to be remembered, that an
inspection of the premises of a nursery and a certificate of freedom
from the scale, are not a guarantee of all stock which may be shipped
out by the owner, since a large percentage of that sold by most
nurserymen originates elsewhere. The rearing of nursery stock has
now become largely specialized in localities, to the great advantage,
indeed, both of the dealer and his customer. The certificate referred
to should consequently apjjly immediately to the entire lot of stock
purchased; or, if it is a certificate of inspection of premises only, it
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should bo accompanied by a statement from the nurseryman to the
effect that the stock sold was grown on the premises inspected,

giving also the date of such inspection and the time when the stock
was taken u[). If a growing season or any part of such a season has
intervened between these dates, the value of the certificate is thereby
impaired.

3. The nurseryman should fumigate all suspected stock with hy-
drocyanic acid gas before sending it out. This is a simple, con-

venient, and comparatively inexpensive process, and the most effective

known means of securing a complete destruction of living insects, in-

cluding the San Jose scale. For this purpose the stock may be piled

up closely and covered with a large sheet, beneath which the gas is

generated by putting into a glazed earthenware vessel first three

ounces of water, next one ounce of commercial sulphuric acid, and
finally one ounce of fused potassium cyanide (98 per cent. ) The vessel

should then be placed at once under the sheet and left for at least an
hour. The above quantity should be used for every hundred cubic
feet of space. For large nurseries permanent provision for disinfec-

tion may profitably be made in the form of a small, tight building,

conveniently arranged for the reception of large lots of stock, and for

the introduction and removal of the insecticide ingredients.

A cloudy day is best for the work if done in the open air. or, if this

cannot be had, the stock should be fumigated after sunset. Dormant
nursery stock is not easily affected by the gas. and there is no danger
to exposed roots. Sulphuric acid and the potassium cyanide are

deadly poisons, and the greatest care should be taken not to inhale
any of the gas emitted by the mixture, as it is deadly to man and
other animals as well as to insects.

4. Where the above fumigation method is impracticable, as in the
case of the ordinary purchaser, reliance may be placed upon thor-

oughly saturating the surface of suspected trees and shrubs with a

solution of whale-oil soap, two pounds to the gallon of hot water.

5. All stock sent out by the nurseryman should bear the name of

the nursery and, if practicable, a copy of a certificate of inspection
containing the information mentioned under 2.

6. Examples of all stock suspected to bear this scale should be
sent at once to the address of the State Entomologist, at Urbana, 111.,

with a request for examination and report.

7. Whenever the fact is estal)lished that any trees or shrubs
planted out are infested by this scale, all such fruit plants should be
destroyed by fire if practicable. The loss thus incurred will com-
monly be trivial compared with that which will be likely to follow if

less radical measures are taken. This is particularly incumbent
upon the owner when the scale has been lately introduced and is as

yet confined to a small number of trees, especially if these are
isolated.

8. Wiien such destruction is impracticable, the infested trees or
bushes should be trimmed closely in fall, after the leaves have
dropped, scraped to remove loose bark, and sprayed very thoroughly



25

twice (once in fall or winter and once in early spring), and repeat-
edly thereafter if necessary, with a solution of whale-oil soap, two
ponnds to the j^jallon, as described in the Quincy experiment, an
account of which is given in this paper.

9. As a secondary precaution, all trees in an orchard any part of
which has been infested should be whitewashed occasionally
throughout the summer so as to keep the trunks and branches as
thoroughly covered with lime as possible.

"We wish particularly to impress upon the minds of fruit growers
that as soon as this insect is found to occur in an orchard the most
strenuous measures must be taken to stamp it out. No half-way
steps will suffice. The individual must remember that not only are
his own interests vitally at stake but those of the whole community
in which he resides. He may think that he can not bear the loss,

but the loss in consequence of the slightest neglect will be much
greater. The fact, too, that there is a community of interests among
fruit growers in this matter must not be lost sight of. Fruit growers
must be mutually helpful in an emergency like this."*

* From "The Sau Jose scale, its Occurrences in the United States, with a Full Account of
its Life History and the Remedies to be used against it." ( Bull. No. 3, U. S. Dept. Aa:r., Div.
Ent. p. 66.)
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FIELD OBSERVATIONS ON THE WHITE GRUBS.

Since the preparation of an arfeicle on the white grubs in a discus-

sion of insect injuries to the seed and roots of Indian corn, published
in my Seventh Report,* an unusual opportunity has presented itself

for a study of an extraordinary outbreak of this insect pest in Cen-
tral Illinois. In the years 1894 and 1895 white grubs became so

abundant in the vicinity of Taylorville, in Christian county, as to

have caused, according to the most intelligent estimates at my com-
mand, a damage of not less than twenty to thirty thousand dollars

in a single township. This damage was chiefly manifest in grass

lands and in fields of corn, although beans, strawberries, potatoes and
other garden vegetables, and also an occasional field of wheat or oats

suffered considerably.

Desirous of improving as fully as the exigencies of other work at

the office would permit the chance thus given me to study the rela-

tion of agricultural conditions and management to injuries of this

insect. I sent three assistants in succession to Taylorville in the fall

of 1895, and later distributed a circular of inquiry to more than a

hundred farmers whose crops were known to have been injured by
the grubs. From the reports of assistants and replies from eighty

farmers the data were collected which are presented and discussed in

this article.

M> first notice of the local outbreak was in the form of a descrip-

tion of an injury to a timothy meadow sent me September 11, 1894,

by Mr. Wm. T. Vandeveer, a banker at Taylorville and large land

owner in Christian county. The injury was not great, but patches

of grass were killed here and there in this meadow, weeds growing in

these spots the following year. The extraordinary character of the

occurrence is shown by Mr. Vandeveer's statement that, although
long a resident there, insect injury of this description was new to him.

The situation became much more serious in 1895, the grass in the

meadow just mentioned, for example, being completely killed that

year. In response to earnest representations made to the office early

in September, Mr. C. A. Hart went to Taylorville September 6 for

an examination of the situation with special reference to the species

of white grubs principally responsible for the damage. On the 2nth

of the same month another assistant of the State Laboratory. Mr.
B. M. Duggar, engaged at the time upon the study of the diseases of

insects, was sent to Taylorville to make observations with special

* Pp. 10!>-144.
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reference to the occurrence of contagious disease among these
grubs. A third trip was made October 5 by Mr. W. G. Johnson,
one of my entomological Assistants, his special errand being a study
of the situation with reference to the crops, soil, surroundings, and
agricultural history of the fields worst injured. Both Mr. Duggar
and Mr. Johnson were particularly charged to make observations
upon the relation of the white grubs to clover sod, the opinion being
quite prevalent both among farmers and economic entomologists
that the clover plant is but little liable to injury by grubs, and that
it oflPers but little attraction to the adult beetle in search of a place
of deposit for her eggs.

In November a blank was distributed, as already mentioned, and
as shown on page 28, with a circular request for full and precise in-

formation with respect to the history of infested fields from 1<S91 to
1895.

The information obtained by means of this blank is exhibited in

summary form in the "outlines" following, on pages 29 and 30.
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Injuries to Different Crops.—The region affected is one of varied

character, comprising lands originally prairie and others from which

the forest had been cleared, together with many remaining remnants

of the forest tract more or less completely cleared of underbrush
and used as woodland pastures. This forest soil differs of course

from that of the prairies, and may itself be divided into upland and
bottomland portions. The agriculture is but little diversified, corn

and grass being the principal crops of the county. The area in each

of these crops (including pastures) was not far from a hundred
and ten thousand acres in 1895, while that in all of the' small grains

was only about half that amount. In other words, wheat and oats

each occupied about one tenth the agricultural area of the county,

and corn and grass about four tenths each. I have accounts from the,

various sources above mentioned of sixty-eight fields in Christian

county in crops which were more or less injured by the white grub.

Thirty-four of these fields were in corn, twenty-five were in grass

(usually blue grass), two were a mixture of timothy and clover, one
was in wheat and one in oats, and five were in potatoes and other

vegetables. Thus only three per cent, of these injured fields reported

were in small grain, while the general small grain acreage for the

county was twent}- per cent, of the whole—additional evidence of

the concentration of loss in corn and grass, as already mentioned.

The injury reported ranged from that characterized as little or

slight to a total destruction of the entire crop, whole pastures being
deadened, extensive meadows lying uncut, and no corn being gathered
from fields of many acres. The general average of all the grades of

injury on these sixty-eight reported fields was forty-six per cent.

As an example of extreme damage, mention may be made of a pas-

ture tract of two hundred and twenty-five acres in sod for twenty
years, the entire area of which was deadened except here and there

a small patch. The roots of the grass were so thoroughly eaten
away a little distance below the surface that the dead sod could any-
where be rolled up like a carpet. In another infested field twelve
to fourteen grubs to the square foot were found, and in still another
one hundred and twenty-seven were collected from twelve square
feet. A dozen to fifteen were ol)tained from single hills of corn in

a ninety-acre field, the crop on which was a total loss. Where injury
to. meadows and pastures was in comparatively limited patches, the
grubs were of course the most abundant around the margins of such
areas, where the grass was still partly alive.

Mclations of Injury to A<jricultu)-al Historij of Land.—By a tab-

ular arrangement and summarization of the facts reported it may be
shown that the current supposition is correct that crops following
upon grass are more liable to injury by the white grub than those on
lands which have a different recent history. For example, on forty-

two fields which had been in grass in 1891 the average injury by the
white grub was reported at fifty-six per cent., while on nineteen
fields which had been in grain in 1891 the average injury by the
grub was twenty-eight per cent., or just half the above amount. On
those which had been in grass for two years preceding, that is, for
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1893 and l!SUl, the average injury was reported at fifty-tive per cent.,

while on those fields where no grass had grown during these two
years the crop injury l)y the grub was estimated at thirty-three per

cent. Fields in grass and those not in grass for three years preced-

ing (from 1892 to 1894) gave substantially the same percentages.

The excessive tendency of the agriculture of this region to grass is

illustrated by the fact that fourteen injured fields were reported by
the owners to have been in grass for periods ranging from eight to

forty years. • These fourteen fields were damaged on an average to

the extent of forty-eight i^er cent.

It has been a very common supposition among entomologists that

the parent of the white grub lays its eggs maiidy, if not altogether,

in lands bearing pasture or meadow grasses, and that, consequently,

crops on ground continuously in small grain or corn are not liable

to this insect injury. It is now very evident, however, that under
circumstances such as have lately prevailed in Christian county this

supposition is erroneous. Seventeen of the fields reported to me
had not been in grass since 1890. and yet damage to the crops of

1895 averaged in these fields, according to our reports, no less than
thirty-five per cent. According to current accounts of the life his-

tory of the American white grubs, the oldest grubs in the ground in

1895 must have been hatched from eggs laid in the summer of 1893.

Forty-two per cent, of the crops borne by three fields which were in

small grain in 1893 and 1891 were destroyed by the grubs in 1895,

while three fields in corn in these two years were reported injured in

1895 to the amount of twenty-seven per cent. The conclusion is

thus unavoidable that where the beetles are excessively abundant,
as in this badly infested region, they may, like the chinch-bug,
multiply almost without reference to the crop on the surface at the

time when the eggs are laid.

Clover find WhUe-Gruh Injiiry.—Interesting items concerning
the relation of clover to the white grul) are given in the notes of my
assistants. In a pasture near Taylorville, where both clover and
timothy were growing in the fall of 1895, the latter was very greatly

damaged, but the clover presented no appearance of injury, this con-

trast being remarked on both the higher and the lower parts of the

field. In some patches where t!ie timothy was entirely killed, the

clover was clearly unharmed, even the smallest roots being entire.

Several clover fields in the vicinity gave no evidence of injury,

although spots of blue grass in these clover meadows were often

found infested with white grubs. In a town lot at Taylorville liv-

ing clover plants were abundant in the smaller patches of dead ])lue

grass, but in the larger areas tlu^ clover had been attacked and its

roots cut off. This comparative immunity of clover is very probably
due in large measure to the peculiar rooting habit of the plant.

Even when the tap-root was girdled or eaten away, the smaller roots

commonly remained uninjured, and served to maintain the plant.

Injuries as affected by Soil and Situation.—It is quite apparent
from the mass of the reports sent in that fields adjacent to wood-
lands, and especially woodland pastures themselves, were much more
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generally and seriously damaged than those at a distance from
forest trees. Indeed, there was considerable evidence to support the
proposition that the intensity of the outbreak was in part to be ac-

counted for by the unusual extent of woodland pasture grounds in

this region, on which the grubs found always an abundant food in

the turf, while the June beetles which give origin to them had like-

wise an abundance of food in the leaves of the forest trees still grow-
ing from the sod. Crops on high lands were, as usual, more subject
to injury than those on low; and the loss was generally much more
extensive and severe than it could otherwise have been because of a
protracted midsummer drouth.

Species of Grabs Concerned.—The grubs collected by Mr. Hart on
his visit to Taylorville and vicinity September 6, 1895, were appa-
rently nearly all of the two extremely common species, Lachnosterna
fnsc(( and L. hirticida, the former commonest on lowland meadows,
the latter on bluffy uplands. A few^ specimens of L. (jibhosa were
also seen.

Life Historij.—The life history of the white grubs as at present
understood was given in my Seventh Report*, published in 1894. and
no additional particulars of importance were obtained by the obser-
vations made in 1895. For the convenience of readers of this article,

however, the statements in the report above referred to may here be
summarized.

These insects hatch most commonly in grass lands (although fre-

quently also in corn) from eggs laid there by various kinds of
beetles, all commonly confused under the general name of "June
beetles" or "May beetles" or "dor-bugs." These large, thick, short,

snuft'-brown beetles, a half inch to more than three fourths of an
inch in length, nearly as thick from above downwards as they are
wide, and about half as wide as long, are universally known because
of their great abundance in May and June, during which months
they fly at night, filling the air at dusk with their hoarse buzzing,
and often invading lighted rooms in our houses, where they bump
and bumble about, as awkward as frolicking cart horses. In this
stage the insects are but short-lived, the males dying soon after the
sexes pair, and the females living but a few days after they have laid

their eggs in the ground.

The young grubs, hatching among the roots of grass or grass-like
plants, commence to feed at once, and live in the earth in the larval

stage for at least two years (so far as known) , most of them chang-
ing to the dormant pupa from the middle of June to September of
the second or third year after hatching, and becoming fully de-
veloped "June beetles" again, still in the earth, in August or in

September of this same year. These beetles do not. as a rule,

emerge from their earthen cells until the following spring, but
spend the winter at rest, each in the underground cavity made
originally by the grub while preparing to pupate. In May and
June they come out and pair and lay their eggs as already related.

*Pages 109 and 115 to 122.

—8
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A single spL'cies (Ciicloccj)li(ila iiiniutciilaid) has a slightly different

life history, the grub not pupating until spring.

The time and place of hil)eniation of the grubs have their special

economic interest, since while in their usual winter quarters these

insects are far beyond the reach of any agricultural operations. Ac-
cording to our most recent and general observations they begin to

retreat from the surface in September, going gradually deeper with

the advancement of the season, most of them being much below

their usual feeding places before the advent of December. They
bury themselves from a foot to a foot and a half,—and sometimes
possibly deeper.—remain here during the winter months, and come
up from their winter quarters in March and April, the time of their

movement varying.

Prevevtioii aitd Bcniedy.—The simplest and most immediate
measure for the prevention of injury by the white grubs is the pas-

turing of infested sod with pigs, a fact not by any means new, but

substantiated abundantly by the observations of assistants and the

statements of correspondents in the Christian county district. In

badly infested fields herds of swine will fairly gorge themselves with

grubs. One correspondent describes a field of blue grass and red

top, divided by a fence for about three years preceding, on one side

of which it had been pastured by hogs and cattle and on the other

by sheep No damage at all was done to the grass of the former plot,

but upon the latter the pasture became worthless at harvest time,

and about half the grass died, destroyed by immense numbers of

grubs working about an inch below tlie surface. Chickens were also

very active in destroying these insects, especially in small grassy lots

near town.

It is clearly evident from the foregoing account that long coritinu-

ance of the ground in grass is an invitation to agricultural injuries

by the white grubs both to the sod and to the succeeding crops,

whatever these may be. Especially is this true in woodland regions,

where the beetles find an abundant food in the leaves of the trees,

and the grubs an e(|ually favorable supply in the adjacent sod. No
natural or agricultural arrangement could be found or devised more
favorable to the maintenance of these insects, and it is not at all sur-

prising, consequently, that they should now and then reach the limit

of possible destructiveness when such conditions are present. We
see further from the foregoing discussion that small grains in rota-

tion are a better protection against subsequent white grub injury

than is corn, since the eggs of the June beetles are most likely to be

laid in grass, next in corn, and less likely on the whole in any of the

small grains.

The Christian county observations strongly emphasize my recom-

mendations, previously made,* of the general use of clover in the

crop rotation as a substitute for grass in regions liable to injury by

grubs.

For a fuller discussion of preventive and remedial agencies the

reader is referred to pages 127 to VA'l of my Scn-enth Report (eight-

eenth of the series).

Eighteenth Rep. State Eiit. 111., p. 128.



6o

MIDSUMMER MEASURES AGAINST THE CHINCH-BUG.

Well-considered and successful artificial measures for the destruc-

tion of injurious insects are most commonly based upon an exact
knowledge of the life history and habits of the insects themselves.
The case is rare indeed in which such knowledge does not reveal a

weak point during the course of the year which puts the insect

enemy more or less completely at our mercy. Such a weak point in

the history of the chinch-bug is its preference in spring for growing
wheat, rye, and barley as food plants, and the consequent concentra-
tion, more or less complete, of the new generation in such fields of

grain at harvest time. Few of the bugs having by this time devel-

oped wings, the mass of them are unable to fly, and are comiDelled,

with the ripening of the grain, to leave the fields in which they were
bred, traveling on foot in search of food elsewhere, and making their

way most commonly into oats or corn adjacent. These facts long ago
suggested to farmers what indeed is the oldest of all methods of

attack upon the chinch-bug—the making of dusty furrows, impas-
sable by small insects on foot, around the infested field of wheat,
rye, or barley, or at least between such fields and threatened fields

of corn l)eside them. The common method has always been essen-
tially the same as one often used against the army worm—the mak-
ing of a shallow ditch or furrow in the dusty earth by dragging back
and forth a log through the plowed ground, continuing this pro-
cedure to arrest and destroy the bugs as they seek to escape from the
small grain. They are commonly killed in such furrows by exposure
to the heat and dust, or are mechanically crushed by the log, and. at

any rate, are prevented from entering the field, because they are

unable to climb the dusty slopes of the furrow into which they have
fallen. This method requires, however, the constant service of a man
and horse, and it is rendered useless by even so much as a gentle
shower of rain, which, by packing the dusty surface, permits the bugs
to cross the furrow freely.

A modification of this method, in which the dusty furrow is re-

placed by coal-tar poured in a slender line along the ground or

smeared upon fence boards set upon edge, was introduced many years
ago, first in McLean county, in this State,* so far as I have been
able to learn. In this method the bugs are trapped by digging post-

holes at intervals along the belt of coal-tar, into which they fall as

* See Second Report of Dr. LcBaron as State Entomoloyrist of Illinois, pp. A46 and 147.
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they move up and down tlie line in search of passageway, and where
they may be readily killed. This method is a somewhat expensive

one. however, since the coal-tar. exposed to the heat of the sun, dries

out rapidly, and in bright weather must be renewed two or three

times a day.

Another measure of defense is based upon experiments made by
myself in lcS82,* which demonstrated the extreme susceptibility of the

chinch-bug to destruction by dilute kerosene-emulsion, a very simple-

mechanical mixture of kerosene and soap suds containing from three

to five per cent, of the former, by which the bugs may be very readily

killed, as they concentrate upon the outer rows of corn in fields

which they are entering on foot. This kerosene-emulsion method
also is expensive of both labor and time, especially if depended on
alone, since the insecticide must be applied again and again, as the

corn becomes repeatedly covered by the invading host, and the outer

rows will, after all, commonly be sacrificed to the bugs even if

promptly and thoroughly treated.

A combination of these methods described in full and earnestly

commended in my last entomological report, that for 1893 and 1894,t
gives, in my judgment, the most successful defence against the

chinch-bug which has yet been devised. It must be understood,

however, that the most thoroughgoing possible application of this

combination method by only one here and there in an infested re-

gion, will protect a field from invasion oidy temporarily. If the in-

sects are allowed to escape from other fields without interference they

will presently acquire wings and scatter everywhere, infesting from
that time forward all fields indiscriminately. It is only on condition

that the bugs are (jeneraUy arrested and destroyed as they attempt

to escape from fields of small grain that the full and permanent bene-

fit of this method will be gained.

The recommendations in the above report were based on experi-

ments made by myself and my assistants on the Agricultural Experi-

ment Station Farm at the University of Illinois in July, 1894. as

described in full in the article in my entomological report just men-
tioned.

In an address to the Illinois Farmer's Institute, delivered at

Springfield, January 8, 1896,^' this description and recommendation
were repeated with some elaboration, and further supported there by
a brief account of some field experiments made under my direction

in I]rtingham county, Illinois, by an assistant of this ofiice in June.
1895. Some parts of this method were also used with great success

by a considerable number of farmers near Georgetown, in A^ermilion

county, Illinois, late in June, 1896, as described in the weekly ""Dan-

ville News" for July 2 of that year.

Similar and equally successful work was done in Kansas in 1896

by an interesting modification of this trap and barrier method.

§

* Twelfth Rep. Stute Knt. 111., iip. 59-0;^.

T Pases 1-15.

: Rep. 111. Farmers' Inst., 189G. pp. 108-110.

2 5tb Ann. Rep. Dir. Exper. Station, Univ. Kansas, pp. 45-17.



H7

The great importance of making widely known to farmers the as-

certained facts concerning the utility of this most valuable and re-

liable of all known measures of contest with the chinch-bug, and of

substantiating the statements concerning it by detailed accounts of

practical experiments, will justify still further discussion of it in the
light of our latest experience.

M)^ experiments in 1894, although made in the field, were on too

small a scale to afford convincing evidence to all of the usefulness of

this method as applied on the scale of ordinary farming operations.

To find opportunities for a more extensive procedure it was necessary
to go some distance from Urbana, since the amount of chinch-bug
injury there was insufficient to permit a convincing test of measures
for their destruction. On this account an Assistant of the office, Mr.
W. G. Johnson, was sent in July, 1895, to Effingham (county, Illinois,

with instructions to select one of the worst infested fields of wheat in

that badly infested region, and to carry on a continuous and ener-

getic contest with the chinch-bug around the borders of this field by
the trap and barrier method and by the use of kerosene emulsion to

destroy such of the chinch-bugs as might escape to adjoining fields of

corn. The barriers used were to be the dusty furrow, with post-holes

dug at intervals as traps, and a coal-tar strip, similarly reinforced
with post-holes.

After considerable search in the vicinity of Edgewood. a field was
chosen June 4 which answered the conditions admirably, and ar-

rangements were made for a commencement of operations. A
twenty-acre field of winter wheat on the farm of William Quade,
three miles northwest of Edgewood, had been so badly attacked by
chinch-bugs that the wheat was already largely killed. South of it lay

a field of corn four to six inches high, extending its whole length,

but separated from it by a bare strip of mellow earth about two rods
wide, on which Hungarian grass had failed owing to the drouth.
North of the chosen field of wheat was a field of oats, east of it were
oats and meadow grass, and west of it a country road. Both wheat
and corn were free from grass and weeds.

The chinch-bugs in the wheat were nearly all young, in stages one
to three. A few adults of the hibernating brood remained, and some
of these were even yet engaged in laying their eggs, but most of

them had perished, multitudes of their dead bodies being profusely
covered with the so-called white muscardine fungus, Sporotrichum
(jlohiiliferum.

Experimental operations were carried on here continuously from
June 5—when the first furrows were made—until June 15. The
weather of the season was extremely hot but somewhat variable,

running June 3 to 104" Fahr. in the shade; and June 8, to 96° in

the open air and 116° in dust exposed to the sun. On the 10th a

temperature of 99 Fahr. in the shade was noted at four o'clock p. m.;
and on the 11th, 92 at three o'clock p. m. Light rain fell June 4,

and a heavy rain on the 11th, the latter wetting the earth about two
inches deep. On the afternoon of the 12th a very heavy, dashing
rain fell for three quarters of an hour, filling the field ditches, and
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soaking the earth to a considerable depth. Except as the temi^era-

ture was reduced by these rains there was no cool weather during
the progress of the experiment.

The measures used in these fields were such as to determine quite

fully, under these conditions of season, weather, and situation, the
effect of the ordinary farmers' practice of hauling a log back and
forth in the dusty earth, the value of a simple dusty furrow exposed
to the sun as a protective and destructive agency, the conditions
under which post-holes must be used with such a barrier, the useful-

ness of the coal-tar and post-hole barrier when the weather forbids

the use of cheaper expedients, and the cost of field work with kero-

sene emulsion applied to infested hills of corn along the edges Oi a

field. All these methods, it is true, had been provisionally tested by
my experiments of ISV)-!, already referred to, but this work of 1895
served to verify the results then reached by work in the field with
methods and expedients available in ordinary farm practice.

Experimenial Details.—The following details of experimental
work and results are abstracted from the field notes of the Assistant
in charge of the Effingham county experiment.

By June 5 the bugs had begun to move on foot from the infested

wheat across the fallow strip between that aiid the corn, and had
already penetrated the latter in one place oi)]josite a deadened patch
of wheat, completely covering the young corn plants over a space
four or five rods long and three corn rows deep. To arrest this

movement the fallow strip was thoroughly harrowed and rolled, and
a furrow was made in it by dragging a log, six inches through and
six feet long, back and forth the whole length of the field, a distance

of forty-eight rods. The dusty furrow thus made was kept in good
condition by repeating this jjrocess once in four hours during the

day, a single horse ridden by a boy furnishing the motive power.

This method was' tested by three days' use with very good results,

few of the bugs crossing the barrier and many of them being killed.

June 8 the ground was more thoroughly pulverized b}' hauling
over it a wooden sled turned bottom upward, and a more dusty fur-

row ten or twelve inches deep was made by using a block fourteen
inches through. In this the now highly active young bugs rapidly

collected in immense numbers, completely reddening the earth in

the bottom and sides within a few minutes after the furrow was
made. The heat of the sun on this dusty earth (116" Fahr.) was
deadly to the young bugs, killing them after a few minutes' exposure,

and not one of the myriads tumbling into the furrow was seen to

escape from this deadly trap. They began to die, in fact, when the

temperature of the dust reached 110" Fahr., an observation agreeing
V(^ry closely with my own of the year preceding, when 108 was re-

corded as a fatal heat. This surface temperature was reached with

the thermometer at 87?> ' in the air. (See Nineteenth Report, page
10.) At 119 surface heat young bugs in the first and second molts
lived but a few seconds.
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To prevent the escape of the chinch-bugs from the wheat in other
directions similar furrows were made on the other three sides of the
wheat field, with greater difficulty, however, than in the bare strip

between the wheat and the corn, owing especial 1}' to the straw in the
earth where the wheat was plowed under at the edge of the field.

Fairl}^ good furrows were finally made, and very few bugs escaped.

Owing to the intense dry heat of this period post-holes in the
dnsty furrow were of course unnecessary. They would, indeed, have
been a disadvantage as affording a protection against the sun and
giving the bugs accumulating in them a possible opportunity to

escape in the cooler part of the day. When the temperature is lower,

however, and the weather dry, post-holes or cans sunk in the furrow
are indispensable as a means of accumulating the chinch-bugs where
thev can be killed by coal-tar or kerosene. These facts were well
made out in 1894. and i:)ost-holes were used along the furrow in 1895
only after a light rain which partially destroyed the efficiency of the
))arrier previously made.

A very heavy rain having fallen on the afternoon of June 12, filling

the ditches to overflowing and thoroughly soaking the earth, the bugs
entered the field freely during the two following days, completely
covering the corn to a depth of about four rods along the edge of the
field, and penetrating in some places as far as ten or twelve rods from
the border. June 15 a line of coal-tar was put upon the ground
between the wheat and the corn from an ordinary garden sprinkling
pot from which the sprinkler had been removed. The orifice of the
spout was narrowed with a plug of wood until the tar came out in a

stream about the size of the little finger, making a line upon the
earth about three fourths of an inch in width. Post-holes were then
sunk along this line on the side next to the wheat at intervals vary-
ing from ten to twenty feet. The barrier thus formed was practically
complete. The chinch- bugs being unable to cross the coal-tar line,

accumulated in vast numbers in the holes, where thej^ were destroyed
by pouring in a little tar. The further spread of the bugs in the
corn was arrested by additional tar lines between the rows, the in-

fested corn itself being presently cleared by the use of the kerosene
emulsion. In this field the tar was run in a zigzag manner, the post-
holes being dug in the angles of the line. This is an unnecessary
addition to the expense, however, more tar being used than was ri?-

quired. A somewhat more economical procedure when time will

permit would be to dig the line of post-holes first and to extend the
coal-tar belt from one hole to another, running it a little over the
edge at each side of the hole to prevent the passage of the bugs
around the ends.

The general efifect of the Effingham procedure above described
was to protect the corn and other crops adjacent to tlie fiekl of wheat
(itself so badly infested as to have been completely destroyed) except
so far as the corn was entered before the beginning of the experi-
ment and at the time of the heavy rain of June 12, when the tar was
not at hand for use. Even these infested portions of the field were
saved by the kerosene emulsion, as described. By selecting an aver-
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age part of the furrow around the field and carefully collecting and
measuring all tlu» chinch-bugs accumulated in it, it was determined
that the entire mass of bugs killed in this ten days' contest would
measure not less than twelve bushels. Taking into account the fact

that these were the first generation of the year, and that if they had
lived they would have bred a second generation in the corn, and the

further fact that each female chinch-bug lays a hundred eggs or

more, it will be seen that an important benefit to this farmer and to

the owners of adjacent fields was done by this work. This place

was, in fact, visited in the fall of 1895 by Professors Burrill and
]3aveni)ort, of the University of Illinois, and by them the report was
made that Mr. Quade grew a full crop of good corn in the protected

field adjacent to this wheat, all of which he owed to our experimental
operations, and that other corn fields on his plase, not so protected

but exposed to invasion by chinch-bugs from other fields of wheat,

were almost completely destroyed, some of them averaging not more
than two or three bushels per acre of very poor corn. It should
further be said that the expense of the work done in and about this

field of wheat in this (contest with the chinch-bug was less than $5,

omitting, of course, traveling expenses and the cost of materials not

used, and taking no account of the value of the labor of the owner
of the land. In shorf, the success of this Jield experiment , ivied

under very dif/iciilf. conditions, ivas suhstanficdiy complete, and the

valne of this method of contest with the chincli-hiKj seems established

heyond controvers if

.

The Georgefoirn Campaicpt. -In the vicinity of (ireorgetown, in

Vermilion county, in June, IBIK), a number of farms were heavily in-

fested with chinch-bugs which came out of the wheat and rye at

harvest time and accumulated as usual upon the lower parts of the

stalks of corn. The owners of these farms undertook a determined
contest with their insect invaders for the preservation of their corn,

using only the coal-tar and post-hole barrier, with some slight modi-
fications. The ground was prepared for the coal-tar line by hitch-

ing a team to a heavy plank and running this over the ground once
or twice, weighted with three or four men, until a smooth, hard sur-

face had thus been made to receive the tar. Or, if the barrier was to

be made in sod, a furrow was jjlowed and the plank was dragged in

the bottom of the furrow to pack and smooth the earth. Either be-

fore or after the tar lines were run, post-holes, cans, or jars were
sunk close to it at intervals of a few feet. Leaders or switch lines

of coal-tar were in some instances laid to these holes or cans, as

shown in the diagram on the next page.

The scene of these operations was visited by the editor of the

"Danville News," from whose interesting report this account is con-
densed. "Care must be had," he says, "to the following details:''

"]. Make the ground smooth.

"2. Look over it often for breaks, or any blade or article that

may fall across the line, or for cracks in the ground. The bugs
cross even on a stalk of grass that lies across the tar line.
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"o. See that jars and cans are a little below the surface of the

ground and that dry dirt is kept around their edges and also around
the edges of post-holes, for the bugs tumble iii more rapidly on dry
loose earth.

"4. See that bugs cannot go between holes, cans, or jars, and
main tar line, but are forced to fall in as they crowd into the little

angles.

"5. If cans or jars are used, fill a third full of coal oil and water

mixed about half and half. Coal oil kills the bugs, but water will

not.

"B. Those using the tar say that they freshen the lines about
twice or thrice per day. The bugs crawl most from about 11a. m.
to 4 p. m. : if the sun is hot they crawl earlier.

"'7. If you have not time to make post-holes or sink cans, you can
dig holes two or three inches deep along the lines with spade or hoe,

and not run any angles from them, and they will soon fill with bugs.

Destroy these by sprinkling with Coal oil, using a littU> broom or

brush of broom-straw or grass.

"8. If you use post-holes, part of the bugs will crawl out unless

you cut a little trench around the hole about half way from bottom
and fill trench with tar. When holes fill up to tar in that trench
pour coal oil on them. You needn't burn them in holes, as the coal

oil kills them."'

The general reports of the result of this procedure were highly

favorable. On one farm of two hundred and fifty acres a coal-tar

line ninety rods long was renewed once a day, and killed daily about
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eight gallons of bugs. The corn adjacent was doing very well in-

deed. Four men were employed in laying out the lines; and a man and
a boy were sufficient to keep them in working order and to kill the

chinch-bugs. On another farm near by several gallons of bugs were
being killed everyday. One farmer in this neighborhood had three

hundred rods of tlie tar lines, with post-holes, cans, etc., trapping by
this means about ten bushels of bugs—a six-gallon jar full—in less

than half a day at one point on the line. Although he freshened

his lines from one to three times a day he did not use a barrel of

tar. Another, who had one hundred and twenty rods of coal-tar

line, which he renewed three times a day where necessary, did not

lose a hill of corn, although he caught chinch-bugs by the bushel.

He used about a third of a barrel of tar.

A modification of the method described in this article is the plac-

ing of the coal-tar line on a ridge made by throwing two furrows

together and packing with a roller. . This has the advantage over a

trench that rain does not wash the dirt down and cover the tar.

Kansas Method.—The following is a description of the barrier

method of arresting the progress of the chinch-bug and destroying

it at the borders of the field. It is taken from the Fifth Annual Re-
port of the Director of the Experimental Station of the University of

Kansas, pages 45-47.

"The plan found most effective was that of turning a double fur-

row with a plow and thus forming a ridge and putting the tar, etc.,

on top of this ridge. On the side of the ridge next to the small

grain, post-holes were dug, broadening toward the bottom, about 100

feet apart. The bugs were retarded in their march by the ridge, and
being repelled by the tar. etc., would swarm along the ridge, and in

so doing would crowd each other into the post-holes. In some cases,

when the holes were nearly filled with bugs, dirt was thrown in

and packed down; in others a little petroleum was poured. Both
methods were effective in killing the bugs. It was found that where

the holes were deep the bugs died without any special effort to

destroy them.

"After the ridges are thrown by the plow it is best to smooth and
pack down the top and sides somewhat, in order to keep the tar, etc.,

from sinking in deeply and to protect the ridge from too great wash-

ing away by rains. This process was necessarily slow and tedious

by hand, and to obviate this a drag with a concave bottom of the

form of the ridge was made, and when weighted with rocks or dirt

and drawn by horses over the ridge it did very effective service,

saving a vast amount of time and doing the work better than could

be done by hand. The bottom of the drag was found to scour much
better when covered with sheet zinc.

"Coal-tar as it comes from the gas works, crude petroleum as taken

from the oil well, and kerosene oil mixed with salt* were used on the

ridges. These substances are offensive to the bugs, and they sel-

dom attemjDt to cross them or even to come close enough to touch

* This mixture was found ineffective as a check to chinch-bug movements in some ex-

periments tried at my oflice and described on page 43 of this report.
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them, but on approaching these offensive substances the bugs turn

and run along the ridge in the evident hope of finding a gap through
which they may pass.

"Coal-tar is the best of the substances named in that it stands on
the surface better and is not so readily washed away by rains.

However, crude petroleum and kerosene are very efficient and are

more generally available than the coal-tar. The coal-tar can be
easily aj)plied by means of an old tea-kettle, sprinkler, or coff'ee-pot.

The stream poured upon the ridge need not be more than half an
inch in diameter, and when of this size the operator should walk
rather rapidly in applying it. * * *

"It would be well to form the ridge for the barrier a week or two
before it is needed. (Ridges formed last summer by Mr. Marcy's
drag were in excellent condition after having withstood the heavy,

beating rains of July and August.) Then the tar, kerosene, etc.,

may be spread at a moment's notice and the post-holes dug. After
the barrier is formed, it should be inspected daily and kept in good
repair. This will not require much time, and should not be omitted.

Perhaps no other repair will be necessary than the addition of a small

amount of tar. kerosene, etc. If the small grain has been harvested

and the bugs are all moving at once into the corn they may be
trapped and the necessity for vigilance is soon over; but if they are

coming more slowly from the ripening grain the barriers must be
kept up a few days longer.

"The results of this method of combating chinch bugs were well

shown by experiments in the wheat field. The bugs were noticed

early in this wheat, and just before harvest and before the bugs had
migrated to the corn, the ridge was thrown up, coal-tar was applied,

and the post-holes dug. The bugs which collected and died in the

first few holes were taken out and piled near the holes in great quan-
tities. Only a few bugs escaped, and no damage was done to the

corn.

"In another case, the bugs had left the wheat and had advanced
about fifty rows in the corn, destroying it utterly as they advanced.
* * * Then the ridge was thrown up, tar was put on, and post-

holes dug. The result was that the bugs were caught and died in

the holes, so that the corn suffered no further injury. These two
instances demonstrate the value of the barrier method described
above. * *' " If the ridge is not formed and the offensive sub-
stances are simply spread upon the ground, the bugs, when in great

numbers, crowd each other across the barrier, those in front being
unwillingly carried forward by those behind; or, if the post-holes are

omitted, the bugs are not destroyed, and manage finally to struggle

into the corn field after the barrier has become damaged bj' the
weather.

"The barrier method has the advantage of not being dependent upon
a complexity of conditions for its success, and of giving immediate
results. It has the disadvantage of being only applicable at the very
short time when the bugs are migrating from one field to another.

It cannot be used upon bugs already scattered through the small
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grain or corn fields. But this disadvantage is largely done away with

if the farmer is provided with the necessary material, and watches his

fields so as to be able to make the barrier at the critical time. The
wisdom of using the barrier hardly needs argument. When the farmer

has worked two or three months on his corn field, he would hardly

grudge two or three days' labor to save the profits of his season's

work from being wiped out by chinch-bugs."

EXPERIMENT WITH KEROSENE AND SALT, AND OTHER REPELLANTS.

In the Kansas report above quoted, and in letters likewise from my
correspondents, recommendations have b^>en made of common salt sat-

urated with kerosene and of crude petroleum as materials suitable for

use in place of coal-tar in the construction of barriers against the move-
ments of chinch-bugs. Desirous to test these recommendations ex-

perimentally, I made arrangements in June, 1895, for a field experi-

ment with them on the Agricultural Experiment Station farm at the

I'niversity of Illinois. June 27, twelve and a half pounds of salt were
saturated with a quart of kerosene, and the mixture was scattered

along the ground between the field of wheat and corn immediately
adjacent just after the wheat was cut. About four pounds of salt

were used to the rod, making a ridge two inches wide at the base.

The same quantity of salt without kerosene was used in the same
manner, and crude petroleui^i was put upon the surface of the ground
on another place, making a line about two inches wide. On still an-

other portion of the boundary line between these fields coal ashes

mixed with a little dry earth were saturated with crude petroleum

and used to form a ridge about two inches wide and three rods long

at the edge of the wheat field. The chinch-bugs passing from the

wheat to the corn paid not the slightest attention to any of these

barriers except the kerosene and salt, running across them without

hesitation and without injury. Concerning the salt and kerosene

mixture the assistant in charge of the experiment (Mr. Johnson) says:

"The chinch-bugs were running in all directions and the salt and
kerosene at first seemed to check them. l)ut they ran into it and over

it. some seeking shelter under lumps that were lying on the ground.

I could not see that it was any more of a barrier than a similar ridge

of hard earth. The kerosene, no doubt, is not altogether agreea))le

to them, but does not form a barrier that will check their advance.'"
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A STUDY OF THE CAUSES OF THE DISAPPEARANCE
OF A CHINCH-BUG OUTBREAK.

One of the most strongly marked and important features of the
economy of the chinch-bug is the enormous variation in its numbers
in any given locality from year to year. Increasing in a maximum
ratio of over one hundred per cent, in each of its two annual gener-
ations, its injuries may rise in three or four years, under favorable
conditions, from utter insignificance to the proportions of an agricul-

tural calamity. Such outbreaks commonly disappear^ however, more
rapidly than they develop, the wave of increase sometimes receding,
as in Southern Illinois in 1887, from its highest to its lowest level in

a single year. The causes of this rapid decline in the numbers of a

destructive chinch-bug horde are too little known as yet to permit
us to recognize them with certainty when they appear, and this ir-

regular variation in numbers makes the farmer uncertain what to

expect from the chinch-bug in any year, thus, preventing, as a rule,

all intelligent adjustment of plans and methods to the probabilities

of the season. If the damage done bj^ this insect were equally dis-

tributed in time, or if its periods of increase and decrease had any
calculable regularity, or if either the rise or fall of the wave were
commonly preceded by any recognizable sign of the event, preven-
tive measures might be very generally taken; but, as it is, the average
farmer in the region most liable to attack prefers to speculate on the
uncertainties of the future, taking his chances year after year with
about the same procedure which he would use if there were no
chinch-bugs in existence. The final loss thus falls upon him and
upon the agriculture of the State almost without mitigation, for

remedies effective after an attack has begun are very few and but
little used. It is a matter of considerable consequence, therefore,

that the causes of the recession of this wave-like movement of chinch-
bug reproduction be thoroughly investigated, at least so long as

there is any hope remaining that a full knowledge of them would
enable us to foresee with some definiteness the probabilities of the
season or of the coming year. So long, furthermore, as we can be-
lieve that there is the least chance that any of the natural checks
upon the increase of this insect may be brought under our control,

and used at will for the reduction of a destructive outbreak, or for

the local defense of endangered crojjs, we are not at liberty to aban-
don investigation as hopeless, or to remit in the least our efforts to

learn the full and precise truth.
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For the purpose of getting precise evidence with respect to the
causes of the natural and normal destruction of chinch-bugs leading
to the disappearance of an outbreak, I set on foot in 1896 a consider-

able series of field observations and laboratory experiments. The
field observations were to be made at frequent intervals throughout
the entire season in several localities where the chinch-bug was suf-

fering diminution of numbers from natural causes, and the laboratory
experiments were planned to test the precise action of such causes as

were already known or suspected to ojjerate, as well as any others
which might be suggested in the course of observations in the field.

The known or supposed natural causes of a considerable destruc-
tion of chinch-bugs are midsummer heat, exjDosure to winter cold,

wet weather, scarcitj^ or unsuitable character of food, and contagious
or epidemic disease. Insect parasites and other animal enemies are
not liere taken into account, because in all the observations upon
this insect made during a hundred years, nothing has been seen to

warrant the supposition that these animal agencies have any effect

of agricultural importance upon the numbers of chinch-bugs.

An investigation into the causes of these phenomena is really a

study in the field of entomological (ideology; that is, in the relations

of insects to nature and the effects upon their economy produced by
natural agencies. It is a much more extensive and complicated sub-
ject than would at first appear, as may be seen from the following
list of subordinate problems requiring solution.

The destructive effect of wet summer weather has been known
almost from the beginning of knowledge on this subject, but the
method of its action has never been made out with any precision.

1. Does it destroy chinch-bugs directly or indirectly? If directly,

does it take equal effect upon bugs of all ages, and how does it affect

the eggV

2. What kind of rainfall is most destructive; brief but violent

storms, or slow, soaking, long-continued rain?

o. Does the temperature at the time of the rainfall have anything
to do with such destructive effect of wet weather?

4. Are the chinch-bugs drowned by rain, or are they merely
washed from their food, imprisoned in the mud, etc.?

5. Is it possible that they are sometimes simply dispersed and
scattered by fiooding rains, thus giving a fallacious appearance of

destruction?

(>. If wet weather acts wholly or in part as an indirect agent, does
it serve to stimulate or occasion disease, and is such disease con-
tagious or not?

7. If it promotes the appearance and spread of epidemic or con-
tagious disease, then what disease does it so promote, and what
other conditions, if anv. conspire with it to produce or intensify this

effect?

>>. Does it possibly act, to any important degree, by checking
th(^ multiplication of chinch-bugs, either by preventing the re-
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peated copulations which seem necessary to the fertilization of the

eggs, or by checking or preventing the development of eggs in the

ovary ?

9. May it possibly act in part by diluting the sap of the food
plants, rendering this sap comparatively innutritious and thus re-

ducing the vigor of the bugs in a way and to an extent to diminish
their reproductive capacity or to make them more likely to succumb
to the attacks of fungus parasites and other causes of disease?

10. Is a wet winter unfavorable to chinch-bugs. and. if so, why?

11. Are the bugs ever killed in the field by heat, and does a moist

heat act more or less efficiently than an equal temperature when the

air and earth are comparatively dry?

12. May a midsummer drouth become so intense and long-con-

tinued as to* affect the chinch-bug unfavorably, and, if so, how is the

unfavorable effect brought about?

13. What is the limit to midsummer heat, moist and dry, to

which the chinch-bug is actually exposed? That is, what is the

maximum temperature of the surface on which it is found in the

hottest weather of the year, both in times of drouth and shortly after

rains?

14. Do the bugs live equally long and lay equal numbers of fer-

tile eggs whatever may be the food plant to which they are limited?

Do they live as long and breed as rapidly on oats and grass, for ex-

ample, as on wheat and corn?

15. Are there any conditions of the food plant, such as thrifty

growth or the reverse, which affect the longevity or reproductive ac-

tivity of the chinch-bug?

16. Are any of the efficient causes made out to be finally traced

back to peculiarities of soil or climate or agricultural management;
or does the complicated assemblage of causes and conditions which
govern the geographical distribution of insects have any important
bearing upon our problem?

17. What are the known contagious diseases of the chinch-bug,
and how is their presence to be recognized by the expert and by the
ordinary observer?

1(S. What are their relative values as agents of destruction?

19. What observations have been made pointing to the existence

of other diseases not yei certainly known?
20. To what parasitic organism are the known diseases to be re-

spectively attributed, and what are the life histories of such or-

ganisms":'

21. Are they completely parasitic in habit, or oidy partially and
occasionally so; that is, are they true or "facultative" parasites?

22. If true parasites, are they always injurious, or do they be-

come so only under special conditions?
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23. Are the\^ capable of artificial cultivation on inanimate sub-
stances and under conditions which make artificial cultures economic-
ally available for their distribution to insects?

24. Does repeated artificial cultivation in any way diminish their

virulence as parasites?

25. Are all stages of the insect equally suljject to their action,

particularly, may they infest the egg?

26. What are the conditions, favorable and unfavorable (maxi-
mum, minimum and optimum temperatures, and the like) to their

propagation and continuance among chinch-bugs?

27. How are they propagated in nature, and how and where are

they preserved under unfavorable external conditions, or during
intervals of quiescence of the disease?

28. Is it possible that the spread of these diseases in the field

may be arrested by heavy tlooding rains which may have the effect

to carry away the spores and to bury dead and fungus-covered bugs
in the earth?

This is an illustrative, but not by any means exhaustive list of

the questions which press upon the attention of the serious student
of the relations of this insect pest to the agriculture of interior

North America, answers to most or all of which are necessary before

we can say finally and with the authority of positive knowledge
what can or can not be done by way of relief.

A number of these questions have been answered partially or fully

in my earlier Reports, beginning with the first (the Twelfth from
this office, published for 1882). In the various articles of these Re-
ports information will be found showing the unequal effect of wet
weather ujion chinch-bugs of various stages, including the egg; the

effect of violent and flooding rains to scatter and disperse these in-

sects; the effect of rains to promote contagious diseases, especially

those due to Entomophthora and Sporotrichum; the injurious effect

of intense and protracted summer heat on bugs of all ages; the occa-

sional injurious effect of long protracted midsummer drouth; the

effect upon the numl)ers of these insects of various schemes of crop-

ping and methods of agricultural management; together with a con-

siderable mass of matter relating to all known contagious diseases of

the chinch-bug and their practical application in the field. It must
be said, however, that the data for complete and conclusive answers
to scarcely any of the foregoing questions as yet exist. Field ob-

servations of a close, continuous, and thoroughly intelligent char-

acter, and field experiments likewise, carried out by the precise and
persistent methods of our best agricultural experiment stations, are

especially to be desired, and can hardly fail to contribute to knowl-

edge in whatever direction they may be made.

The field observations of 1896 here reported and discussed were

made by three regular Assistants of the State Laboratory of Natural

History, B. M. Duggar, W. G. Johnson, and W. A. Snow, and by H.
O. Woodworth, temporarily engaged for the purpose. The labora-
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tory experiments were made chiefly by Mr. Snow and myself. Not-
withstanding the number of persons engaged upon this work, its

unity and uniformity througliout the soason were very well main-
tained by precise directions to each observer and by a systematic

supervision of its progress.

The regular observations and collections, beginning April i-l and
ceasing October 5, were distributed over selected points in five

counties, all on the line of the Illinois Central railroad from Cham-
paign southward; and the same points—in most cases the same fields

—^were visited on each trip. These stations of observation were
Tamaroa, in Perry county: Odin, in Marion county; Edgewood, in

Effingham county; Mattoon, in Coles county; and Url)ana and Ma-
homet, in Champaign county, the extreme stations of the series

being about one hundred and fifty miles apart from north to south.

This selection proved fortunate, on the whole, as the different sta-

tions resembled each other closely enough to make it possible to

compare results to advantage, and yet each had a distinctive char-

acter of some importance to our purposes. Tamaroa, Odin, and Edge-
wood are all in the agricultural region commonly known as Southern
Illinois, but differ considerably in soil and surroundings. The
country about each was originally prairie, with a light-colored soil

containing much clay and comparatively little vegetable mold, and
winter wheat is a leading crop. Mattoon and Urbana a "e in the

black paririe region of Central Illinois, and little wheat and much
corn are raised in their vicinity; while Mahomet, although in Cham-
paign county, is in a district of clay soils, originally woodland, near
the Sangamon River, where winter wheat is much raised. At the

four wheat-growing points, the chiiich-bug was very much more
abundant than at the other two, and in all it was almost completely
concentrated in early spring in fields of glowing wheat and rye.

The weather of the season was rather unusually wet throughout
the whole district, and in very marked contrast to the extreme drouth
of the years just preceding; but the rains fell in showers and in

rather violent storms of comparatively short period, sometimes with

intervals of considerable drouth between. For detailed acc-ounts of

the rainfall and temperature at the points visited which are em-
bodied in this paper. I am indebted to Mr. Charles E. Linney.
Observer and Section Director of the Illinois Section of the Climate
and Crop Service of the Weather Bureau of the L'nited States De-
partment of Agriculture.

The field observers were instructed to search the selected fields

carefully on each trip, and to make full notes on the weather at the

time; on the number and distribution of the bugs; on the relative

number in each age or stage: on evidences of contagious diseases in

the fields and on the ages of the bugs principally affected by them ; on
the direct action of weather, and particularly of rain, in the destruc-

tion of bugs, young or old; and on the comparative numbers of the

various ages as observed on successive trips to the same place They
were also expected to bring to the laboratory collections of dead and

-4
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living chinch-bugs iu considcrabh' nunihcr. the iornicr for care-

ful examination with reference to the i^ossible causes of death, and
the latter for continuous observation at the laboratory and for ex-

perimental use in determining the rate of death, the causes thereof,

the stages in which dcatlis were occurring, and other matters of

kindred interest.

The living specimens thus brought in from time to lime were kept

under conditions as nearly normal as many years' experience enabled

us to supply, and the dead were removed from each collection day

by day, those whose bodies gave no obvious clue to the cause of

death' being commonly placed on moist sand under conditions to

promote the external development of any infesting fungus to whose

attacks they might have succumbed. It scarcely need be said that

these collections were carefully watched and laboriously searched

with the microscope for evidences of disease other tlian the two con-

tagious diseases definitely known to prevail among these itisects.

THE DISTRICT AS A WHOLE.

Taking the district under ol)servation as a whole, it appears from

the data herewith presented that the bugs l)egan to leave their win-

ter quarters about the middle of April, and were generally distributed

to their breeding and feeding grounds —mainly in wheat and rye

—

])y the end of that month, laying of eggs beginning before the first

of May. The eggs began to hatch about the middle of that month.

])y which time also the hibernating adults were dying (most of them
probably in the normal course of events). In some cases by the end
of May, and in others not till the middle of June, these old adults

had practically all disappeared. Deaths in winter quarters varied

greatly, from twenty-five per cent., as at Trbaiia, to almost nothing,

as at Odin.

The common fungus of white muscardine was everywhere present

iu winter ([uarters and among the earliest bugs to infest the wheat,

in small quantity, it is true, but apparently always sufficient to fur-

nish a start for the rapid develojHnent of this fungus if conditions,

meteorological and other, should become favorable to its germination

and growth. The green muscardine. on the other hand, was not ob-

served in winter cpiarters anywhere, and appeared in the fields later

than the other, usually not until June. At Trbana. however, both

Hrst appeared together about the middle of May. Both these fungus

parasites were powerfully affected by the weather, evidently recpiir-

ing a moist atmosphere for their growth. I saw nothing in our ob-

servations and experinn^nts to indicate that one is any more virulent

as a parasite than the other,* although we have no evidence that the

fungus of green muscardine ( Entomophthora) will take its start upon

the insect body already dead. The wliite fungus, on the other hand,

grows much more readily on the freshly killed chinch-bug tiian on

the living. Both muscardines were most abundant in th(> fields, with

the exception of the Mahomet neighborhood, where the adults of the

* Set- here especially the dissections reported unfler Odin. July tJ.



51

[libernating jjjeneration were generally perishing. The onlj' exten-
sive and important epidemic of contagious disease observed was that
nt Mahomet, where the green muscardine affected for a time in July
fully ninety per cent, of the chinch-bugs in the tield. Observations
made in that month also hint at. but do not demonstrate, the presence
of a bacterial malady.

There is no doubt of the destruction of a large number of young
chinch-bugs by violent flooding rains, especially such as may wash
them down into the mud. Kggs are i^robably thus destroyed in

even greater numbers, the young hatching from them in the mud be-
ing unable to make their evScaj^e; and the facts justify the suspicion
that very wet weather tends in some way to diminish the reproduc-
tive activity of the adults. Death by immediate drowning, even by
long-continued rains, was not clearly proved by these observations.
On the other hand, it was not disproved, but it is rendered prac-
tically certain by laboratory experiments described in my Eighth
Report as State Entomologist, that for 1893 and 1894 (pages 178 and
183), by which it was shown that newly hatched chinch-bugs can-
not withstand submersion much over two hours as a rule; that those
of the second molt may begin to die within five hours and will prac-
tically all perish within nine; that even pupte may be drowned by
eight hours" submersion, others living for at least thirteen hours;
and that some adults at least will be killed by twelve hours' con-
tinuous submersion, although some may survive nearly twenty-four.

Fuller details of our observations and experiments are herewith
given, first under a summary statement for each observing station,

and, following this, in a detailed abstract of field and laboratory
notes.

SUMMARY STATEMENT FOR EACH OBSERVING STATION.

At Tamaroa the chinch-bugs were already out of their winter quar-
ters by April 27, and concentrated mainly in fields of wheat, in which
they were very abundant. The ground here was well stocked with
eggs, but few or no young had yet appeared. The common fungus
of white muscardine (Sporotrichum) was everywhere present in
small quantity on chinch-bugs and other dead insects. Repeated
heavy rains in May and June were followed by some increase in the
number of these fungus-covered chinch- bugs, and green muscardine
(Entomophthora) also ai)peared among them in a small way early in
June. The number of eggs and young was very much smaller as
the season progressed than the heavy attack upon the wheat in
spring gave reason to expect. Some of the young were certainly
killed directly by the rain, which washed them off their food plants
and imbedded them in the mud, and doubtless a very considerable
proportion of both young and eggs were thus effectually disposed of.

A few adults of the hibernating generation were still alive and breed-
ing May 28.

The number appearing upon the outer rows of corn after wheat
harvest was here so small as to indicate an enormous destruction of
the progeny of the hibernating generation, or a very general diminu-
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tion of reproduction by the adults at the time of the heavy rains.

In fact, the number of dead actually seen by the observers in this

district seems insufficient to account, even on the most liberal inter-

pretation of the facts, for all this apparent diminution.

Certainly there was no good reason to suppose that contagious dis-

eases had any very important share in the destruction of the chinch-

bug at this place. This was shown not merely by field observations,

but likewise by our lal)oratory experiments, in which a hundred and
five dead bugs placed under conditions to develop the fungi of mus-
cardine gave only one case of a fungus parasite {Entomophthora
aphidis). An attempt to infect chinch-bugs' eggs with this fungus
failed completely.

July was rather dry until the IDth. Among a thousand dead
placed at this time on moist sand, less than fifty exhibited any para-

sitic fungus growth, those with white muscardine (Sporotrichum)
being three times as abundant as those with green (Entomophthora)

.

On the other hand, a very large number of these chinch-bugs when so

treated underwent a peculiar decomposition, indicating beyond doubt
the presence of a bacterial infection—whether septic or pathogenic
originally it is impossible to say. In a collection of such insects

taken from an observation box at the same time (all of which had
died within twenty-four hours) and placed on moist sand together
in a Petri dish, a large j)ercentage became swollen and soft, with
whitish or greenish abdomens which presently burst, exuding a

creamy or slightly discolored fluid swarming with various forms of

bacteria. Most of the others remained without notable change.

A considerable amount of microscopic study of the decomposing
specimens resulted in no discovery of any common character of the
fluids, or of any single bacterial species which could be even hypo-
thetically connected with their death, and the meaning of these

X)henomena consequently remains obscure. They doubtless deserve
further investigation. In this connection I may refer to the dissec-

tion of a dead chinch-bug from Tamaroa, made July 8, and described
under that date in the detailed abstract of field and laboratory notes,

on another page.

A still further marked diminution in the number of chinch-bugs
followed upon very heavy rains Jul}' 19 and 20, many freshly dead
adults l)eing noticed at this time between leaves and stalks of corn.

Only a few of these were clearly dead with fungus disease, and the

cause of death of the others was not apparent. They were quite

possibly killed by drowning.

The condition of these fields in August was not materially

changed. Chinch-bugs continued to die, adults predominating,,
some exhibiting growths of white muscardine after death, but the

greater number not.

At Odin the situation and the succession of events were not ma-
terially different from those at Tamaroa, except that some of the
fields regularly visited were those in which muscardine experiments
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had been conducted the previous year, and where there was conse-
quently a considerable presumption that this disease would be pro-
nounced in 1896.

At the middle of April chinch-bugs were still in their winter
([uarters, with only a little early scattering to wheat. A'ery few had
died in hibernation, a condition in quite decided contrast with that
found at Urbana in March. Traces of white muscardine occurred
in these hibernation resorts and also in the latter part of the month
among the bugs in wheat and rye, to which by this time they were
generally distributed. By the end of May the hibernating adults
were largely dead, and many of them were covered with Sporotrichum
which was clearly more prevalent here than at Tamaroa under simi-
lar conditions. A few dead young were also noticed here imbedded
in mud after rains. There was no very great number of chinch-
bugs in June either in oats or corn, and only a small amount of
Sporotrichum and Entomophthora was demonstrated by laboratory
experiments with collections brought in. Of one hundred and five

dead specimens placed on moist sand for a development of their
fungus parasites, three grew Sporotrichum and four Entomophthora,
and ninety-seven gave no evidence of parasitism. Entomophthora
apparently increased somewhat, however, in the early part of July,
both that and Sporotrichum,- but especially the latter, during the
latter part of this month. Thus of the ninety-three dead specimens
placed on damp sand, twelve developed Entomophthora and twenty
Sporotrichum within one to four days. Extremely heavy rains July
19 seemed greatly to reduce the number of bugs in the corn, and this
without any apparent increase, but a diminution rather, of the mus-
cardines. A few dead young were seen later in this month covered
with white muscardine fungus, but with the dry weather of August
all signs of contagious disease disappeared from this field. The
chinch-bugs in the meantime had not increased in number, and no
great harm was done by them at this point.

At Edgewood, during the last week in April, conditions in wheat
and rye and in the winter quarters of the bugs were essentially like

those at Odin and Tamaroa. a sufficient amount of muscardine fun-
gus (Sporotrichum) occurring everywhere in the field and appearing
in laboratory experiments to indicate its general distril)ution. The
adults of the hibernating generation died in wheat and rye during
the latter part of May, as at other points below, and were usually
covered with Sporotrichum after death. A few died from Ento-
mophthora, which was more abundant here than at Tamaroa or at
Odin. Extremely heavy rains at this time destroyed great numbers
of the young, and a few of them exhibited the fungus of white mus-
cardine early in June. . By the latter part of that month green mus-
cardine appeared here also, and early in July became decidedly
prevalent in the field and was demonstrated in more than usual
abundance in the laboratorv experiments.

Under these losses and the effect of the late July rains the chinch-
bugs became clearly less abundant as the month advanced; but they
were nevertheless common enough to breed large numbers of young
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of the gt'iieration following in the corn. Botli adults and young
continued to die with Sporotrichum at least until about the middle

of August, but Entoniophthora seemed to have completely dis-

appeared.

At Mattoon. in May, the chinch-bugs wore mostly in the wheat

—

little of which was raised here—though about equally abundant in

rye. Oats were considerably infested, but much less so than these

other grains. Adults had already begun to die May 5, with evi-

dences of white muscardine. Green mXiscardine also appeared
among them early in June, becoming somewhat prevalent by the

latter part of the month. They continued later here, however, than
furthc south, some living on until the middle of eJune. As usual,

the amount of muscardine fell off to insignificance with the disap-

pearance of this hibernating generation. As the relativeh^ small

number of bugs maturing at this point disi^ersed themselves after

harvest, their numbers became so inconspicuous in the fields that

further observations of value w^ere imj^racticable.

At Urbana a search of winter quarters made the middle of

March showed that about twenty-iive per cent, of the hil)ernating

bugs were dead, none of them apparently from any contagious dis-

ease. They began to leave their hibernating quarters about a month
later, and by the last week in April were flying in swarms. The first

eggs were detected April 26 in the field, and the first young May 15.

Heavy rains the middle of May had no apparent effect upon the old

bugs except in the development of Sporotri( hum and Entomoph-
thora, both of which appeared in the fields at this time, the latter

predominating. Dead young in the field were occasionally o]>served.

sometimes imbedded in the mud and occasionally with a growth of

Entomophthora, and the multiplication of the species was evidently

checked, although no wholesale destruction of either old or young-

was at any time observed. Similar conditions prevailed throughout
June, green muscardine continuing common into July. Field ob-

servations at this point were interrupted by the general dispersal of

the now mature bugs.

In the wheat district near Mahomet, the wheat fields were very

much more heavily attacked, and the invasion of corn at wheat
harvest was very much more manifest. The situation here w^as ren-

dered peculiarly interesting by a destructive outbreak of green mus-
cardine in early Jidy and a considerable, although much inferior

development of white muscardine also. The former disease was so

prevalent that ninety out of one hundred dead from one of these

fields gr°w Entomophthora wnthin two days. Indeed, a third of a

large coUeciion broii^i.t in alive were dead with this disease in a

day; but as the rains ceased both diseases disappeared in the fields,

and only small indications of them were obtained in the observation

boxes. The bacterial decomposition already described became quite

prevalent in -Inne. After very heavy flooding rains late in July few



bugs were to be found in the neigliborhood under observation,

although many dead covered with Sporotrichum were present under
corn stalks and other rul)bish.

FIELD AND LABORATORY NOTES IN DETAIL.

Seasonal Hisforij at Tamaroa, Perry County.—April 27.— In
a small wheat field in the outskirts of the town, bugs were very

abundant under the stools of wheat, but during an hour's search

only four dead were seen, two of which were covered with Sporo-
trichuni (jlohulifcrum. In a number of other tields carefully ex-

amined, traces of this muscardine fungus were discoverable, in ever}'

case except one in the form of a few dead chinch-bugs or other

insects covered with it. usually in the moister parts of the field or

along adjacent fences. tlggs were everywhere abundant in the

wheat. The weather of the month had been dry until the day pre-

ceding this visit according to the records at the DuQuoin Station of

the Weather Bureau. April 26, .7 of an inch of rain had fallen, the

only other iDreceding rainfall in April being .18 of an inch on
the 9th. The temperature had ranged from 31^ to 89'', the mean for

the month being <)4.9 \ Dead bugs from above collection placed

April :^9 on damp sand at laboratory for the purpose of ascertaining

whether they might have died from fungous disease developed a

recognizable growth of Sporotrichiuu globulifernm May 6.

May 4. A good rain (.08 inch) accompanied by hail in this

region May 1, following upon an inch and a half of lieavy rain with
thunder and lightning April '28 and 29. Fields in about the same
condition as on previous visit, some showing serious damage to crops

notwithstanding the rain, and others, on comparatively low ground,
presenting a very thrifty appearance. A small number of chinch-

bugs dead and covered with Sporotrichum under the stools of wheat,

half a dozen found in fifteen minutes' search in the field where bugs
were most abundant. Many chinch-lnigs copulating and a great

number of eggs observed.

May G. Three separate lots of dead chinch-bugs from above col-

lection placed on damp sand were presently imbedded in Sporotri-

c/ium globulifernm.

May 21. Nearly a week of rain preceding this visit. Conditions
little changed. Very few dead bugs imbedded in Sporotrichum:
these most abundant on low ground.

May 28. Heavy driving rain preceding night, accompanied with
strong wind. All the fields visited were very wet. Small grains in

excellent condition; wheat beginning to ripen. Chinch-bugs every-

where present, but doing no evident injury: mostly adults, newly
hatched young, and in first and second stages: those of first and
second stages most abundant. A few adult bugs still jjairing, but
very few eggs seen. Bugs clearly scarce in this locality as com-
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pared with preceding year, being mostly confined to stems close to

the ground and behind sheaths of the leaves. A careful search of

six fields of wheat and one of rye discovered only one chinch-bug
with Sporotrichum. Search of dead furrows between drill rows and
in low spots receiving the wash of the field, brought to light always
young bugs imbedded in the mud. Dead young in very small num-
bers on the hard surface of the ground between drill rows, but most
abundant where pools of standing water had disappeared. Young
chinch-bugs rarely seen still swimming on the surface of standing
water. A few of those fastened in the mud were still feebly alive,

but about eighty per cent, of them were dead. Number of dead
actually seen was small compared with those still living in the fields,

but doubtless a large proportion of tliosc actually killed were over-

looked.

June 4. Rain nearly ever\' day for about a week, and fields too

wet to plow. The latter part of the month of May had in fact been
vinusually wet, rain falling on nine days after the 10th at the ad-

jacent station, (DuQuoin) according to the Weather Bureau reports,

the rainfall for the month of May reaching the extraordinary total

of 8.8 inches. The temperature had also been unusually high for

the season, reaching a maximum of 94 and a minimum of 58^. with
a mean for the month of 78.9 . Chinch-bugs still quite abundant, a

few adults remaining, and a few of the young in the pupa stage.

Occasionally a full-grown bug seen on the wing. Apparently not
less abundant than the week preceding. A small number found
dead on the ground covered with Sporotrichum, and an occasional
specimen with Entomophihovfi (iphidis. Harvest of wheat and rye
begun.

June 12. Bugs escaping froui the wheat, many fields of which
have now been harvested. Not very numerous in corn except along
the outer rows adjacent to fields of infested grain, where a teaspoon-
ful might have been collected from each hill. Scarcely any as yet
in the oats, which were still green.

June 23. Continued rain all night of the :^2d and 2od ( .8 of an
inch at DuQuoin); fields quite muddy, making examination difiicult.

But few bugs in wheat, oats, or corn, except in single field of corn ad-
jacent to infested wheat, where a teaspoonful could have been taken,
on an average, for each hill. No dead bugs seen. The temperature
of this month had ranged from 60' to 94 , with a mean of 75.5 .

June 24. Collections of live chinch-bugs brought in from these
fields were placed in a breeding-box under normal conditions and fed
each day with freshly cut corn for the purpose of studying the causes
of such mortality as might appear among them. The specimens
dead each day were removed and placed upon rpoist sand (in a

shallow glass tray with an overhanging glass cover) with a view to

obtaining a free development of any fungus parasite which might
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have caused their death. June 27, ten specimens removed; July 2,

no appearance of muscardine. June 29, forty dead specimens put

on moist sand; July 2, no evidence of muscardine or other mold.

June 'dO, thirty specimens put on moist sand; July 2, no muscardine

or other mold. June 30, another lot of twenty-five specimens placed

on moist sand; July 2. one imbedded in a growth of Entomo}Mhora
aphidis: no Sporotrichum. July 2, no appearance of muscardine.

Total, 105 dead examined; one example of Entomophthora, none of

Sporotri(-hum.

July 8. Examined by dissection a dead pupa from the above lot

while plump and fresh, with no appearance of decomposition or post

-

mortem change of any kind. No trace of fungous affection found.

The cellular structure of the intestinal cceca had, however, disap-

peared, and these organs were full of fat globules of different sizes,

evidently originating in the disorganized contents of the epithelial

cells, and were also crammed with the usual BaciUus msectoruhi of

the chinch-bug. No nuclei, cell walls, or definite structures in

these cd^ca. The cellular structure was also obscure in other

parts of the food canal, but there was no fatty degeneration there

and there were no bacteria. If the cteca were crushed, clouds of

bacteria escaped, luit if other portions of the alimentary canal were
similarly crushed, only spherical granules of various sizes appeared
in the fluids. Cause of death obscure, but presumptive evidence of

injurious action of c(ecal bacteria, causing degeneration and disor-

ganization of coecal epithelium as at least a feature of the condition.

July 27. 1896. T dissected two young chinch-bugs, hatched from the

egg within two or three days previous in my laboratory, for the pur-

pose of determining the condition of the alimentary cei^ca at the time,

and especially to ascertain whether these organs contained bacteria

from the egg. These young bugs had hatched from eggs enclosed in

a Petri dish, in which they had since been kept, and they conse-

quently had no opportunity to feed. I found the ca^ca developed in

both, though most satisfactorily shown, by the dissection, in one of

them, where they were well and completely displayed. In this there

•were ten c(eca, two of which were much longer than the others. The
eight shorter ones were scarcely longer than broad, and consisted of an
external basement membrane of flattened cells with small flat nuclei,

and within this a single series of large spherical cells with no inter-

cellular spaces except a sufficiently conspicuous lumen. They were
given off' as blunt, broad appendages from a somewhat enlarged por-

tion of the alimentary canal, in front of which were two distinct en-

largements, one corresponding evidently to the anterior stomac.i of

the adult bug, and the other representing apparently both the second
and third stomachs. There were no bacteria in any of these append-
ages, or in any other part of either of these bugs. Careful study was
made of the contents of the organs while still entire, and of the flviids

escaping from them after crushing them in water. It consequently
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seems likely that the characteristie bacterial parasites of tht-se in-

sects always found infesting the alimentary cceca in adults and in

active young, are ac(i[uired after hatching, and perhaps after the bug
has begun to feed.

In other dead specimens examined at this time vast numbers of

oval protoplasmic particles—evidently cells of indefinite shape and
apparently in normal condition—were found covering the muscle
fibers, fatty bodies, etc.. and occurring in small masses elsewhere.

These were jDossibly Sporozoa. No trace of fungous affection in four
pupa^ examined.

As materials for a study of causes of death a large collection of

living chinch-bugs was brought in J alij IS from Tamaroa and placed
under normal conditions, five or six hundred of them being kej^t in

an open box and supplied with green corn stalks daily. These bugs
were ver}' nearly all adults and man}' of them were /// copula, and
many eggs had been laid in transit.

July 14. Ten dead bugs i*emoved to dam]) sand in covered glass

dish. July If), 18, and lU, no noticeable dianire: J\dy 20. observa-

tion discontinued:

July 15. Eleven removed to damp sand. July Ki, two covered
with Eniomophthovd (ipJiidii!. July 18. no further development of
fungus; several bugs undergoing bacterial decomposition. July 19,

no change; July 20. discontinued.

July 16. Fifteen dead specimens removed. July 10. p. m., two
exhibited Entomophthora: July 18, one case of Sporotrichum, sev-

eral cases of l)acterial decay. July 20, no change: Sporotrichum
fruiting. July 23, 25, 27, no change. July 29, discontinued.

July 17. Eighteen specimens removed. July 18, four with Ento-
mophthora; July 19, no change. July 20. Entomophthora deliques-

cent: one bug completely imbedded in Sporotrichum: several ex-

amples of bacterial decay. July 2o. 25. 27. no change. July 29, dis-

continued.

July 18. Eight specimens removed. July 19. one with Ento-
mophthora: July 20, a second with Entomophthora and three with
Sporotrichum. July 23. 25, and 27, no change.

July 20. Twenty-four specimens removed. July 23. tive with
Sporotrichum (three covered with well-developed fungus and two
with immature): several specimens undergoing bacterial decay.
July 25, immature Sporotrichum developed. July 27, no change:
July 29, discontinued.

July 21. Twt>lve specimi-ns removed. July 23, one case of Sporo-
trichum. July 25, bacterial decay in a few examples. .luly 27, no
change.

July 22. Six specimens removed. July 23. two cases of Sporo-
trichum. Julv 27. no chanare: Julv 29. discontinued.
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July 23. Fresh supply of living bugs from collection made at

Taoiaroa July 20 was added to the box. Two hundred specimens re-

moved on this date. July 29, a few cases of Sporotrichum developed:
none of Entomophthora. Many dead bugs rotting.

July 24. Two hundred removed. July 25. four cases of Ento-
mophthora and one of Sporotrichum.

July 25. Two to three hundred removed. Bugs dying rapidly in

box. July 27, two cases of Sporotrichum; none of Entomophthora.
Large numbers decomposing. July 29, two more cases of Sj)oro-

trichum: none of Entomophthora: much bacterial decomposition.

July 27. About two hundred removed. July 29, no muscardine
among these specimens: much ])acterial decomposition.

Total dead examined, 1,004; 9 cases of Entomophthora; those of

Sporotrichum, 23+ "a few.'"

July 20. The heaviest rain of the season began at eleven o'clock

p. m., July 19. Intermittent showers on the 20th, 3.4 inches of rain
having fallen in all at DuQuoin. Weather preceding this rain had
been dry enough to affect the growth of corn, only two light showers
having occurred in July and these early in the month. Railroad
traffic interrupted by a "w^ash-out." Bugs in corn next to oats quite
as abundant as on visit of July 10. Now a hundred to two hundred
bugs on a single stalk along the edges of the field. Adults active, a
great many in copula. Many young just hatched. Very few dead
ones, beating rain seeming to have produced no marked efPect. A
few freshly dead adults were seen at the bases of the leaves next the
stalks. Ground carefully examined for dead bugs killed by the rain,

but without result. None seen floating on the water l)etween rows
of corn.

Juhj 31. Weather extremely hot, with bright suu. No rain since
last visit, but a marked diminution in number of bugs. Adults still

pairing. Very many freshly dead adults between leaves and stalks

of corn in the field. Only a few of these, however, showed Sporo-
trichum, and none Entomophthora. Most of the young in apparently
healthy condition, although a few were found dead with Sporotrichum.

August 2. From a collection of chinch-bugs brought in from
Tamaroa July 31, all dead, individuals were selected comprising
fifty-one adults and about fifteen young, with two more adults ami
one young in a dying condition. Twenty adults were placed on
damp sand under cover, the remainder being retained for microscopic
examination. One of the two dying adults lay on its back perfectly
helpless, but with all its appendages in constant tremor. The other
crawled very feebly about. This collection was in strong contrast
with those made at the same time at Odin, Edgewood. and Mattoon.
ill respect especially to the large number of dead adults in the Tama-
roa lot. x4.ugust 3, two of the twenty bugs removed to damp sand
exhibited a growth of SjJorofriclnuii (jlohuliferuui. But one addi-
tional dead adult in breeding-])ox. August O. no significant change
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August 1.1. Weather very dry, roads extremely dusty. Found very
few nearly dead adults and a few dead young, all covered with
Sporotricluim. No change of interest for this locality.

Odin. Marion Couniy.—April 14. Several fields on various
farms near Odin, and between that town and the next railroad sta-

tion north (Tonti) were examined with reference to the numbers,
location, and condition of the chinch-bugs just emerging from their
hibernating period. Collections were also brought to the laboratory
from these fields for observation in confinement, with a view to as-

certaining whether the occurrence of contagious disease in any form
might be detected among them at this season. This last inquiry was
especially interesting because some of the fields examined were those
in which the so-called white muscardine of the chinch-bug had been
quite prevalent the preceding autumn. The weather at the time of
this visit had been somewhat stormy for several days, with light rain
and considerable wind. This rain had been preceded by snow, and
this again by a warm spell during which a few old bugs had been
noticed on the wing. The bugs were still mostly in their winter
([uarters under leaves and hedges and rails lying upon the ground,
among roots of blue grass and timothy at the borders of fields,

around stumps in a meadow, in corn fields, and occasionally in the
shocks of corn, and once found in an old wheat field at the base of the
stubble of the preceding year. They were most abundant at this sea-

son along a rail fence bordering a woodland and in the grass about
the fallen rails. A few were seen upon the wing. But very few
dead bugs were found in these winter quarters, although search for

these was one of the principal objects of the trip. Along the fence
above mentioned, for example, where the old bugs were present in
millions, not one dead specimen was found. Only three exhibiting
the muscardine fungus were reported for this trip, and there was of

course no assurance that these had been killed by the fungus para-
site. Four lots of specimens were kept for some days at the labora-
tory under conditions to demonstrate the occurrence of fungous
disease among them if present. Three of these lots gave no definite

evidence of its occurrence, while in the fourth white muscardine
appeared.

Api'd ?.s. Fence rows and other hibernating quarters had been
abandoned by the bugs, and wheat fields were already badly infested.

No diseased bugs of any kind were found in these fields and only
one specimen of white muscardine was detected in the winter quar-
ters: but a collection brought to the laboratory April 29 and kept in

confinement there, exhibited white muscardine May (S.

Heavy rains prevented observations at this place Maij 2'^.

Jfaij 28. Young bugs of the first and second stages were now ex-

tremely abundant in young wheat, reddening tlie steins and dwarfing
and killing the plants. The adults were still pairing in small num-
bers and a very few eggs were seen. A considerable number of

adults were also noticed covered with Sporotrichum, most abundantly
at the bases of the plants. A few dead bugs were seen after a

rain in dead furrows and other places which had received the wash
of the field, but no fungous growth except on dead adults.
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June 12. Mr. Woodwortli reported that but few bugs occurred in

the oats and not many more in the wheat; most abundant in the

latter where the wheat was green. Numbers here estimated at fifty

to the square inch of surface. Had already begun to invade fields

of corn adjoining wheat, but no dead whatever were seen.

June 24. The same observer reported that fields of oats and corn

not adjacent to wheat contained scarcely any chinch-bugs, but that

oats in fields adjoining wheat were commonly killed for a distance of

fifteen feet from the boundary, and that corn in a similar situation

was usually considerably infested along the edges of the field at an

average estimated rate of a teaspoonful of bugs to each hill. Live

bugs taken from oats were brought to the laboratory for experimental

use.

They were placed in a box, provided with food, and kept under
normal conditions for several days. As they died their bodies were

placed on moist sand in glass Petri dishes for the iDurpose of deter-

mining whether or not muscardine fungi would develop, giving evi-

dence of the presence of these fungi as cause of death. Five suc-

cessive lots of dead specimens were thus treated. In the first, trans-

ferred to moist sand pJune 27. and containing thirty specimens, two
were well covered with Sporotrichum July 2, but all the remainder
were free from this infection. In the second lot (twenty-eight speci-

mens), transferred at the same time as the first and examined July

2, one was found to exhibit Entomophthora and the others were free

from parasitic infection. In lot No. ii, containing about twenty bugs
placed on moist sand June 29, one gave an evident growth of Sporo-
trichum and one of Entomophthora, the others exhibiting only com-
mon molds. In a lot of twenty-four, removed June i50, one showed
Entomophthora July 2 and the others were free. In the last lot, of

three specimens only, taken July 1, one was well covered with Ento-
mophthora and the others gave no appearance of fungous disease.

Taking the several lots together, of one hundred and five specimens
dead in confinement under normal conditions and placed in circum-
stances to demonstrate death by fungous disease, seven individuals

gave this evidence and the remainder not. Three of these seven were
infested with Sporotrichum and four with Entomophthora aphidis.

July 2. The conditions at this place but little changed. In the

corn a few dead bugs were seen, however, and in the oats many had
been killed by Entomophthora, and a few were noticed dead without
visible evidence of the cause of death.

July G. A dead bug of the fourth stage—the so-called pu^Da—per-

fectly fresh and flexible and evidently very recently dead, was taken
from the box from among the living specimens brought in from this

trip and dissected with a view to determining microscopically the

cause of death. There was no external fungous growth or appearance
of fungous affection, even of a microscopical character, but the viscera

were well invested by an intestinal mycelium, evidently that of Sporo-
trichum. This ramified upon the surface of" the organs and branched
freely in the perivisceral spaces, forming there a more or less dense
felt, but not penetrating anywhere the sul)stance of the viscera them-
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.selves. These, with the exception of tlie fatty bodies, distinctly re-

tained their cellular structure and the main features at least of their
normal appearance.

A second specimen of the same lot in the same condition and hav-
ing an identical look, also in the so-called pupal stage, was found on
inspection to be profusely infested by Entomophthora, the conidia of

which were abundant in the fluids, more or less contorted, sometimes
divided once or even twice, and sometimes with short rounded
branches. Although lying on the surface of the viscera, or even ad-
hering slightly to them, these seemed to be entirely free from pene-
tration by the Eutomophthora, which was evidently developing only
in the blood. The food canal from the (esophagus to and including
the ca^aa, had its normal structure. This bug, like the preceding,
was actually dead when selected, but was still fresh and flexible.

These precise observations throw considerable light on the question
raised by superficial observers as to the parasitic character of Sporo-
trichum and as to its precise effect on immature chinch-bugs. That
Entomophthora is a true parasite no one can doubt, and it is quite
certain that this and Sporotrichum were' undergoing precisely simi-
lar development in the same parts of the body of chinch-bngs exactly
similar as to condition, age, and circumstances. If one was parasitic

in this case the other was also.

July 11. A large number of living specimens brought in at this

time were placed in a dry wooden box without cover, but chalked at

the upper edge inside to prevent escape of the bugs. Green corn
stalks were furnished them as food, and changed as necessary. The
(conditions were carefully kept as near the normal field experience of

the chinch-bug as practicable, diifering little, if at all, except in the
fact that the bugs were screened from the sun and that the food fur-

nished them was the sap of cut corn instead of that of the growing
plant. This box was overhauled daily, all of the dead bugs being
carefully transferred to covered glass dishes of moist sand. Later
i'xperience show^ed. however, that the amount of care used in hand-
ling the bugs and their food was not sufficient, and some deaths were
doubtless to be attributed to small injufies thus received.

Beginning July 14, seven dead bugs were removed to a covered
glass dish, two of which were covered with Entomophthora on the
next day, after which there was no change.

July 15, twelve were removed, one of which showed Entomoph-
thora on the l<)tli. but no further development up to the 29t]i.

July 16, three were removed. Two days later one was covered
with Entomophthora and one with Sporotrichum. The third re-

mained unchanged until attacked by common molds on the 25th.

July 17, four were removed, one of which showed Entomophthora
the next day. Observations were discontinued on the 29th, wuth no
further changes.

July 18, three were removed. The next day one was decaying
with a seemingly bacterial affection. The others remained unchanged
until the 29th. Observation discontinued.



July 20, fourteen were removed, one of whic-li bore fruiting En-
toraophtliora by the afternoon of the same clay. On the 23d three

were covered Vith Sporotrichum. The remainder continued un-

hanged until the 29th.

July 21. ten were removed. July 2;). one was covered with Sporo-

trichum and one with Entomophthora. Thenceforth no change, ex-

cept the appearance of common molds, until the 29th. Discontinued.

July 22. six dead bugs removed. July 2)1 one was infested with

Sporotrichum and one with Entomophthora. The remainder un-

changed until the 29th.

July 23, fourteen were removed. On the 25th two bore Ento-

mophthora. and on the 27th eight were imbedded in a growth of

Sporotrichum.

July 25,- thirty removed. July 27, two with Entomophthora and

-ix with Sporotrichum: the remainder free.

Summarizing the results of these experiments, it will be seen that

ninety-three dead specimens were taken out of this box. none dead

more than twenty-four hours when so removed and transferred to

moist sand, where twelve of them developed Entomophthora and
Twenty Sporotrichum. all within four days after death. It is to be

observed that during the two weeks of experiment the number of

dead specimens developing Entomophthora continued very nearly

uniform throughout the period, being at the most one or two each

day, but that the number exhibiting Sporotrichum increased towards

the last with the increased number of deaths. I see nothing in these

•observations to indicate that parasitism by Sporotrichum glohnliferioii

had not as much to do with the death of these bugs as that by Ento-
inophihova aphidis. Its recognizable occurrence as an external

growth, often within twenty-four hours, at farthest, of the death of

the insect—a post-))wrtcm appearance on the whole very nearly as

prompt as that of the acknowledged pure parasite Entomophthora.
seems to admit of no other interpretation.

Julij 21. The heaviest rain of the season had fallen here, begin-^

ning on the afternoon of July 19 and continuing with great violence

and almost without interruption for several hours at a time. Mr.
Snow, who reported the observations of this trip, thought five inches

of rainfall a conservative estimate. Streams were over the banks
everywhere, in some places endangering the wooden bridges. Roads
were flooded in many places, roadside ditches were running over and
water was standing in the fields. Moderate rain was still falling

when fields at this place were examined.

According to a careful comparison of the number of chinch-bugs
In a selected field with those observed by Mr. Snow in the same fields

])reviously. no more than twenty-five per cent, of the bugs remained
in the corn. Eggs and newly hatched young were found, though not

in great numbers. Except for the immediate effect of the weather
the causes of this diminution were obscure. Evidences of contagious

<lisease were but slight, a dead bug covered with a fresh growth of

either Sporotrichum or Entomophthora being only rarely found.



Evidence was seen, says Mr. Snow, that bu.u:s bad actually been killed

by the rain, but, on the other hand, the chinch-bugs were active,

often i)i cojnila, and the newly hatched young seemed little affected

by the floods that had fallen upon them. In other fields examined
here chinch-bugs were almost invariably less numerous than at the
preceding visit.

July 31. Frequent rains had occurred here since the last trip, and
the weather was now very hot. The old bugs vvere still more numer-
ous than on the 21st and the young more abundant. One or two
pairs of adults in copida. A few dead young covered with
Sporotrichum. Xo Entomophthora seen.

Avf/usf 11. Weather dry since last visit: corn suffering from hot
sun; the roads very dusty. Little change in visited fields. Adults
fewer—a few still pairing—and young consequently in larger propor-
tion, but not alarmingly abundant. No signs of contagious disease.

Edf/ewood. EffiiKjham Counfi/.—April 28. Wheat and rye fields

for several miles west of this station were examined, and bugs were
found in great abundance in every one, injury to wheat being con-
siderable. The weather was dry, and dead bugs were very rarely

found. No Sporotrichum except along hedge rows, under boards,

etc. Dead specimens found in this locality (obtained in two lots

from wheat and rye) and placed on damp sand in my office April 29,

developed Sporotrichum glohuliferum by May 0.

JIaij 11. Weather dry. Same fields visited as on preceding trip.

Entomological conditions substantially as before.

3Iay 23. Many dead bugs in rye field visited, and some also in

wheat and oats: all are covered with Sporotrichum.

May 29. The heaviest rain for two or three years had fallen here
May 27—two and three fourths inches according to a local observer

—

and the fields were still very muddy. Old bugs seen onh' occasion-

ally, and some of these pairing, but young just hatched and those in

first and second stages were everywhere abundant, reddening the

stems of wheat in many places. This crop was good on the whole,
however, and corn and oats were excellent, there being very few bugs
at this time in the oats. Many young bugs Avashed away from their

food phmt and thousands of them could be found fast in the dirt in

low, damp places: none of them with Sporotrichum or Entomoph-
thora. In one field visited old bugs dead and covered with a profuse

growth of Sporotrichum were very abundant throughout the entire

field, half a dozen to fifty or sixty to every stool of wheat. In oats

adjacent a few young bugs were seen, but none dead. Also quite

abundant in field of rye, some of the adults being dead with Sporo-
trichum. Many found in this region dead with Entomophthora also.

Much more abundant here than in the Tamaroa region.

June 3. One and three fourths inches of rain here Maj' 31, and a

fourth of an inch June 3. Chinch-bugs very abundant in wheat
fields visited, damaging them so badly that grain will hardly be worth
cutting. Mostly young of first and second stages, with a very few
adults. Many of the latter on the ground, covered with Sporoirichum
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(jlohnliferuni. A few youns; bugs dead also and covered with fresh
growth of this fungus parasite— less than two per cent, of those in

the field, according to the estimate reporied. No Entomophthora seen
at this time.

Jane 13. No old bugs seen and but comparatively few of any age.
Wheat and rye mostly cut and some fields plowed. Grass on road-
sides adjacent to fields formerly infested, fairly well covered with
bugs. No dead observed.

June 24. More numerous here than at points farther south, but
less so than at Mattoon. A few dead covered with Entomophthora.

June 27. Specimens from collection made on the above trip of
June 2-4 at Eclgewood were kept for study of development of disease
and causes of death. July 2, twenty-three specimens placed on moist
sand in Petri dish; no muscardine detected, but common mold.

June HO. Twenty-six specimens removed. July 2, no muscardine
of any kind. Another lot of fifty specimens placed on damp sand on
this date. July 2, one with Eatomjpathora; no Sporotrichiim.

July 1. Four specimens remjved. July 2, no appearance of
muscardine.

Jidii 2. Same fields visited as on trij) of June 24. ' Entomological
conditions unchanged except that about two per cent, of bugs seem
to have been killed by Entomophthora and a few from causes not
apparent.

July It. Trip made by ]Mr. Snow, detailed notes of which are not
on file. Ealofrioph.Hiont (ip'inlix abundant in fi'.dds at this time, more
so than on any other visit by this observer up to that .late. Live
bugs were secured for the laboratory

July 13. Experimental box for study of causes of death stocked
from collections made at Edgewood July 11. Unlike thot^e for pre-
ceding experiments of this character, these were mostly in the so-

called pupal stage.

July 14. Twenty dead removed and placed on moist sand. Three
dead with Entomophthora by afternoon of same da v. one with
swollen abdomen, indicating bacterial decay. July 15, five more
dead with Etitomophthora. Julv Ki, two dead with S ^orotrichum;
several undergoing bacterial decay. July 1«, one more exhibited
Sporotriflium. July 20, no further change; discontinued.

July 15. Twenty dead removed. July If), no parasitic fungus,
but two or three decaying, with abdominal distention. July Irf, one
bug with Sporotrichum. July 2 ). no change except the ripening of
this fungus; discontinued.

July 1(1 Twenty removed. One dc-ad with Entomophthora on
afN r i')i)n of same day: '

'

''h swollen ab lomens, indi-
c

•
bactcH-ial decav. m) si j,-niticant change. July

2'j, Entomophthora disappeared. Juiy 25, no new development; ex-
periment discontinued.

—

5



July 17. Twent}' ronioved. July 20, 'I-'), and 25, no evidence of in-

fection, b^xperiment discontinued.

July 18. Sixteen removed. July IV) and 20, no evidence of in-

fection. July 2o, one bug viath Sporotrichum; many of the remain-

der rotting. July 25 and 29, no special change. Observation dis-

continued.

July 20. Twenty-four removed. One dead with Kntomophthora
afternoon of same day. July 23. two dead with Sporotrichum and
one more with Entomophthora; a few decaying July 25 and 29, no
change. Experiment discontinued.

July 21. Forty removed. July 23. one dead Avith Sporotrichum;

many others with soft and swollen bodies, indicating bacterial decay.

July 25, one more covered with Sporotrichum. July 29, no change;

experiment discontinued.

July 22. Twelve removed. July 23, two dead with Entomophthora
and one with Sporotrichum. July 25, Entomophthora poorly de-

veloped, Sporotrichum profusely. July 29, no change; discontinued.

July 28. Fresh supply of living bugs added from same field as

original stock, but collected at Edgewood July 22.

July 24. Seventeen removed. July 25, six dead, with an extra-

ordinary growth of Entomophthora; others unchanged. July 29, no

new development; discontinued.

July 25. NumV)er removed not recorded. July 29, two exhi]>ited

Sporotrichum.

July 28. Number removed not recorded. July 29. five dead with

Sporotrichum in this lot.

The total number of dead bugs removed to damp sand from this

lot was something over two hundred. Sporotrichum appeared on

tw-enty of these, and Entomophthora on sixteen.

JiilU 22. Had rained a greater part of the three preceding days, in-

cluding tlie night of the 21st, but not so heavily as at Odin and
Tamaroa. Live bugs distinctly less numerous than on July 11.

Occasionally found in considerable numbsrs upon prostrate stalks of

corn, but commonly to be taken only singly or in pairs. Mostly

adults, but some in the pupal and even younger stages still to be

found. No young of the second brood and no eggs were seen.

Fresh growths of either Sporotrichum or Entomophthora extremely

rare.

Jul// 30. Second brootl of young just emerging from egg in great

numbers. Advdts less numerous than on previous visit, some of them

still pairing. No Entomophthora si-en and l)ut few bugs with fresh

growth of Sporotrichum.

AiKjusi 10. Notwithstanding great rains of three weeks before

(there had been no rain since July 23), crops now showed effects of

drouth, and the dust waw ankle deep in the road--. According to

weather record of a local observer, the average maximum tempera-

ture of the seven preceding days was 99° in the shade. Field of

"ninety-day'' corn noticed, the owium- of which was cutting and
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shocking it. Stalks dead and dry for half their length, partly with

drouth and partly from chinch-bug attack. Adult chinch-bugs di-

minished in number, a few still copulating, and a few others dead,

with a fresh coat of Sporotrichum. Young in all stages excessively

abundant, a single stalk of corn bearing as many as five to seven
thousand. A very few young found dead with Sporotrichum. but no
Entomophthora seen.

Mattoon, Coles Conniij.—Maij '>. This locality was peculiar as

compared with those farther south, in the fact that but little wheat
or rye was to be found in the region, and the chinch-bugs were con-

sequently largely compelled to resort to oats and grass in spring for

the deposition of their eggs and for their own earliest food. A sin-

gle field of wheat visited May 5, was growing luxuriantly, with here

and there a spot dry and unthrifty. Chinch-bugs were much more
abundant here than in oats, and were doing a considerable amount
of damage, least, of course, in the lower, damper portions of the

field. They were not only clustered about the roots, but scattered

far up on the growing plant. Rye fields were usually about equally

infested with the wheat. In the oats a comparatively small number
of bugs were on or in the earth upon the roots of the plants. Eggs
were abundant everywhere, and scattered dead adults were found in

all the fields, usually covered with SporofricJiU)!/ (/lohvliferuni. There
had been a good rain (.17 in.) May 1.

Dead specimens obtained in two lots from oats and wheat and
placed on damp sand in my office May 6. grew Sporotrichum at some
subsequent date not recorded.

3fay 21. Wheat field visited contained a large number of chinch-

bugs and crop was entirely destroyed, in large i^art, however, by the

Hessian fly. There were but few bugs in the oats, and the air was
full of flying adults. A few dead specimens taken which were cov-

ered with Sporotrichum. Repeated rains during the middle part of

the month on seven days from May 11 to the date of this visit—

a

total of 4.23 inches.

3fay 29. Cxood rains May 24 and 27, but roads and fields were
now dry. Bugs very abundant in two wheat fields visited, and flying

freely. Those on the ground were running actively about among
the wheat, and many were dead in the ditch by the roadside adjacent.

Young just hatched and in the first and second stages were very

abundant, reddening the wheat, which was worse infested than in

fields further south—probably because small acreage of wheat led

to closer concentration. Many of the bugs were dead with Sporo-
trichum but none seen with Entomophthora, and no dead young
were found

.

June 4. Good rains May 31 (.47 in.) and June 3 (.06 in.) and
ground quite damp. Fields of wheat, rye, and oats examined.
Adults becoming scarce, but more abundant than further south. A
great many dead and covered with Sporotrichum, and a few with
Entomophthora aphidis. Farmers report that adult chinch-bugs
liave l)een seen flying frecpiently all the spring. The 3'oung were
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quite abundant, but no dead were found. The number seemed small^

however, compared with the promise of the earlier part of th&
season.

June 13. Light rains on two preceding days, amounting to

,17 in. Bugs very aliundant in wheat about the base of the
plants, reddening the ground wdien the stalks were shaken. Also
more in oats than in otlun- places visited. Dead bugs found in oats

and wheat.

June 22. Rain on three days preceding—an inch and a quarter.

Oats and corn generally free from bugs or containing very few
except adjacent to infested wheat which had been partly liar-

vested. From this bugs had scattered to oats and meadow grass^

but had concentrated especially upon the outer hills of the corn to a

dej)th of about twenty-tive rows, averaging according to the observer's-

estimate a measured ounce to each hill. Had gone into oats about
fifteen feet, killing a strip ten feet in average width. Many dead
found in both wheat and oats, several at the base of each stool in the-

wheat, and so abundant in the oats that in moist places they were
scattered at an average distance of an inch apart. In the wheat
stubble dead were also found, together with scattered young. A
large number were collected from corn at this place and brought to-

my laboratory for the usual o])servation and experiment to determine-

cause of death.

June 27. From the above collection, thirty specimens removed.
July 2, a single specimen well covered with Sporotrichum, others-

only with common molds.

June 29. Thirty specimens removed. July 2, an abundant
growth of Sporotrichum on one; the remainder without evidence of
muscardine.

June 30. Thirty dead removed and placed on moist sand in Petri

dish. July 2, no muscardine. Another lot of twenty-four speci-

mens removed June 30, likewise gave no evidence of muscardine
on the 2d of July.

J II IK'. 1)0. Last rains June 2o to 27 (LL5 in.) General conditions
about as on preceding visit, but chincli-bugs more scattered generally

in corn and oats, in tlie former ab )at fifty to a hill. A strip of dead
oats ten feet wide at the precedinjr visit has now increased to thirty

feet. Large number dead with Etiiomophthora. and now and then
one with Sporotrichum. Other dead found giving no evidence of

fungus affection.

JiiJjl 22. Specimens obtaiiuul from Mattoon corn field on this

date were placed in observation box with usual arrangements. July
2'-K 't'i^ dead were removed and placed on damp sand, and July 25
i; . Two more were takeii out on the 27th. one of these with
a . , ;. V grf)wlh of Sporotrichum. Four were dead on the 28th,

b'li \vith the single exception mentioned, none of these gave any
evidence of contagious disease.
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Jultj 30. Weather extremely hot and bright; hard rain two days
iDefore and fields very wot. Rains on six successive days, from the

18th to the ^J:th, giving total rainfall of 5.56 inches. On three of

these days the rain fell in very heavy thunder showers, 1.52 inches,

1.65, and 1.41, respectively. Chinch-bugs generally extremely scarce,

averaging not more than one to a corn stalk. No young seen, and
but very few eggs. Bags long since dead were found between leaves

and stalks of corn. No Entomophthora, and only an occasional ex-

ample of Sporotrichum seen.

AiKjitM 10. No change of note. Young hatching in very small

numbers only. Weather very hot and ground thoroughly moist,

although no rainfall had been reported since July 21.

Chdinpalijn Comity, Urhana.—March 14, an assistant was sent

to the fields to search the winter quarters of the chinch-bugs and to

make extensive collections with a view to determining the condition

in which they had come through the winter, especially with reference

to the percentage of survival. Specimens were obtained from orchard
soil, from timothy and blue grass by the roadside, from grass on
headlands near a forest plantation, and under boards, logs, bark, etc.,

in the same vicinity. Brought to the laboratory and carefully ex-

amined, about twenty-five per cent, were dead, none of them exhibit-

ing any external trace of contagious disease. Indeed the temper-
ature at the time was much below the minimum for the germination
and growth of the disease-producing fungi of the chinch-bug, having
been below the freezing point every day of the month.

March 26, numbers of these dead bugs were placed on moist sand
in Petri dishes for the purpose of ascertaining whether any of them
might have died of fungous disease, notwithstanding the absence of

external parasitic growths. Three such lots so treated gave no growth
-of fungus parasite.

Chinch-bugs were first seen on the wing at Champaign April 16,

l)ut almost daily thereafter until April 27, swarming abundantly from
the 24:th to the 27th. There was no change of weather recorded at

this time, the temperature being about the same as at the middle of

the mouth, and no rainfall occurring except .14 of an inch on the 23d
and a mere trace on the 26th. They were found quite abundantly
on the wheat on the Experiment Station farm April 18, and were no-

ticed pairing there on April 24. The first eggs in the field were de-

tected April 26. By May 5 the e^^'i had become very abundant, and
the bags were pairing in great numbers in this wheat, but no young
were detected. The first young chinch-bug was seen in the field

May 15, at which time large numbers of eggs were evidently about
to hatch. Two more young were found on the 17th in the same field

of wheat, and still a few more on the following day. Heavy rains

occurring on the l')th. 17th, 18tli, and U)th (2.22 in.) had no apparent
effect upon the old bugs, but notes on the 20th and 21st show that

tlie young were not appearing as rapidly as might have been ex-

pected, some washing away and burying of newly hatched young by
these successive rains is consequently probable. Both Sporotrichum
^nd Entomophthora had appeared by this time in the field, the first



in a wheat tield May 15, where the urouml was ratlier wet, and the

Recond May 19 in the same field. Eiitomophthora was observed ai^^ain

on the 20th and 22d and Sporotrichum on the 22d. Tiie Entomoph-
thora became rapidly more abundant on okl bugs, but neither this

nor the Sporotrichum were seen on young. Dead sj)ecimens with En-
tomophthora were not uncommon on the ground, on leaves and stems

of wheat, oats, and grass, on weeds, and under rubbish* Several

pairs were seen in copula, both dead with this infection. This con-

dition of things continued for several days, the weather meantime re-

maining wet. May 27 a few dead young were found on low, damp
places, many of them more or less buried in the mud. A good many
old bugs dead with Entomophthora and a few with Sporotrichum
June 1. Young were also observed on the surface of the ground
dead with Entomophthora aphidis. Conditions continued about as

a.bove, the young not increasing very rapidly in number, and heavy
rains continuing. The observer's notes mention from time to time

to June 15 the occurrence of a few dead young in the field, but there

was at no time any visible wholesale destruction of either old or

young on these premises. Heavy rains had fallen May 21 (LIS
inches). May JiO (.5-') inches), and June 8 ( 1.78 inches), together with

several lighter rains.

June 18. There were now but very few bugs in oats on the Experi-

ment Station farm, but they had been sufficiently abundant in the wheat
to have made their way into corn adjacent a distance of six or seven

rows to the number of about half a teacupful to each stalk of corn.

After a heavy rain on the 20th (.(J4inch) a few were found im-

bedded in mud in a roadside ditch, but otherwise little effect was dis-

coverable. A number brought in from the field at this time were
placed under the usual conditions resorted to for an experimental de-

termination of the cause of death. Six specimens dying June 27

were placed on moist sand, and fluly 2 one was imbedded in a pro-

fuse growth of Sporotrichum. Forty specimens dead June 29 gave
no evidence of muscardine by July 2. Of fifty dead June -^0, ten ex-

hibited Entomof)hthora July 2.

From another collection made in the same fields June 29. eleven

dead were kept on moist sand in a Petri dish, and several exhibited

Entomophthora by the 2d of July. Of fourteen others similarly

transferred July 1. eight had grown Entomophthora by the following

day.

On the (Uh of July the chincli-bugs, whose development had been
followed since the middle of April, were generally .scattered through
the corn, now averaging over twenty-five or thirty to a stalk. An
occasional dead specimen was to be found in the field, sometimes coveretl

with Sporotrichum and sometimes with Entomophthora. The num-
ber remaining was so small, and they were so widely dispersed, that

our midsumuier observations were transferred to a much more
heavily infested field observed near Mahomet. Illinois, intln' western

part of Champaign county.

'Entomophthora had appearod in considerable -luantity in these same fields in Septem-
ber of the preceding year.



In the field where most of these observations were made an attempt

was made to intensify an attack of Sporotriclmm among insects

already visibly infected by it. To this end the contents of a culture

jar, profusely fruiting, were scattered May 23 in the edge of a field

of wheat heavily infested by chinch-bugs, and the grain was trampled

down where the infection material was distributed, to form a mat of

vegetation which might help to retain the moisture of the soil The
subsequent course of events in -this field, as shown in the foregoing

narrative, was not such as to satisfy us that any noticeable stimulus

to the spread of Sporotrichum had been thus supplied.

August 31. Chinch-bugs in considerable numbers on University

premises at })ase of broom-corn stalks, and also upon the flowering-

heads of this plant. All stages represented but that just from the

Septemhev ii. Pupa' and adults observed at the tips of green

ears of corn.

Sepiemher 23. Numerous at base of stalks of Katfir corn, mostly

adults, but all other stages represented. No evidences of disease

among them.

Sepie)nber 28. All stages of chinch-bugs collected on Kaffir corn,

including a single one just hatched from the egg and two of the

second stage. Adults most numerous. The weather of August
had been fairly moist—3 77 inches of rain for the month, with

only one heavy storm (1.20 in.). The temperature had been high,

the maximum ranging from 78° to 97°, with an average maxi-

mum of 84.4. The September weather had been more moist,

rain falling on thirteen days and amounting to 5.84 inches. The
maximum thermometer readings for this month run from 60° to

91° and the minimum from 30° to 68°.

October .5. Warm, bright day, and chinch-bugs flying abundantly
in every direction, resorting evidently to winter quarters.

Champaign Countij, Mahomet.—J/dij 7. Wheat and rye were here

largely harvested, and the bugs had consequently made their waj-

into the borders of fields of corn and oats, penetrating the former
forty rows or more and threatening considerable injury. In some
cases siiigle stalks were estimated to bear three or four thousand
bugs. The situation was particularly interesting l)ecause of the ex-

tensive prevalence of disease, that produced by Entomopltthora
aphidis predominating greatly, but Sporotrichum also being very

much more abundant here than at Urbana. The outbreak of

Entomophthora was, in fact, more marked than any other which has

come to our notice. It was probal)ly due to this and its companion
disease that the bugs were already much less numerous, according to

farmers' reports, than they liad l)een a short time before. Very
nearly all were either pupa- or adults, the latter, of course, of the

new generation. The dead found were consequently not spent

imagos, and the deaths occurring were not due to age. Bugs killed

with Entomophthora were so abundant in one badly infested field

that as many as sixty dead were counted upon a single leaf of corn.
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and in the grass adjacent thousands were found covered with

Sporotrichum. In an oats field near by, wiierever they had resorted

to fallen corn stalks on the ground for shelter, an abundance of dead
covered with Sporotrichum were mingled with the living.

July 8, two or three h\indred living specimens collected from the

corti were placed in a dry box without cover but chalked at the

upper edge to prevent their escape. Green corn was furnished them
daily for food.

July 9, about eighty dead were removed from this lot and placed

in a Petri dish on damp sand. By afternoon of the same day all but

two or three of these were more or less completely covered with a

fresh growth of Entomophthora, most of it not yet fruited, butsome al-

ready bearing spores. By the following day all but one were im-

bedded in Entomophthora.

July 10, eighteen more dead in this collection were placed on
damp sand, and by the morning of July 11 fourteen of them were

covered with Entomophthora. On the 20th of July it was noticed

that the four remaining specimens of this lot were profusely cov-

ered with ripe Sporotrichum.

July 11, one dead bug removed. Covered with Entomophthora
July 18.

July 13, one dead sp3cim3n removed. Coated with Entomoph-
thora the following day.

July 14, three dead were removed. July 15 and 10 only one
more each day. None of these presented later any fungus growth.

Ninety-four of the 104 dead bugs removed from this lot developed
Entomophthora an I only four of them S^)orotrichum.

The parasitic Entomophthora, by which these bugs were so thor-

oughly infested when brought in that about a third of them died
wit'iiti tw3aty-foar hoars, had n )w practically disappeared under the

conditions presant in oar breeling b )x. It is to b3 observed, how-
ever, that as the pirasitiz^l bajjs w n'o taken out from am )ng their

felloA^? a? fut ii tiiif ii3 I. an I aviilly b3f:)i*3 the fun^oas growth
had matured, little opportunity was given for a continuance of the

disease among them.

July 11, a large number of chinch-bugs collected at Mattoon
about July 7 and kept since in an open box were transferred to an-

other box with moist earth, fresh food, and covering of large leaves,

kept moist for the purpose of ascertaining how freely and promptly
Entomophthora would spread amongthem under presumably favonible

conditions. July bJ, only about a dozen dead exhibiting Entomoph-
thora. July 14, little if any change;bugs dying very slowly. July ](),

twMity specimens of Entomophthora—all there were in the box—
r'mo-'»l f)r exp3rim3ntal us3. July 2J, about a dozen bugs dead
with E itomophthora. T 1 3 gee itir pirt aliv3 anl app ir3ntlv haalthy.

'

Exp3rim3n[; in g))l co i lition an I prop3rly minag3d. Spread of

tins infection evidently slow and slight.
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July 15. No rain since July 4 except slight shower this forenoon.

Thour^ands of dead bugs covered with weathered Sporotrichum in

field of oats previously observed, especially where pup?e had col-

lected for molting, but very few cases of fresh parasites found.

Entomophthora outbreak also disnppearijig. Bugs more abundant

than July 7, but very few young. Many freshly molted adults and

many adults in copula. Eggs scarce. Quantity collected for labo-

ratory experimentation.

July 16. Three hundred of the above placed in observation box.

July 17. Thirty-five dead removed and placed on damp sand as

usual. July 20, four profusely covered with Sporotrichum. No
Entomophthora exhibited, but many with bacterial decomposition,

which was still more general July 23. July 25, discontinued, with

no further change.

July 18. Number of dead removed not specified. July 19, two

covered wath Eutomophthora and several undergoing bacterial decay.

July 20. no Sporotrichum; a considerable amount of bacterial de-

<iomposition. Greenish, milky fluid, full of bacteria, escaping from

the bloated bodies. In one case this fluid was black. Swollen

abdomens greenish or pinki-sh before breaking down. July 23, no
muscardine. but about a third of the specimens putrid. July 25, no

change except increased putridity. July 29, no further change;

experiment discontinued.

July 20. Forty dead removed. One covered with Entomophthora
by five o'clock p. m. July 23, four completely covered with Sporo-

trichum; many softened bodies full of fluids of decomposition. July

29, no change; experiment discontinued.

July 21. Twenty specimens removed. July 23, five covered with

Sporotrichum and one with Entomophthora. July 25 and 27, no
change.

July 22. Twenty dead removed. July 23, one with Entomoph-
thora, ten specimens putrid. July 29, no notable change; discon-

tinued.

July 25. Twelve specimens removed. July 27, one covered with

Sporotrichum.

July 27. Twelve specimens removed. July 29, three covered with

Sporotrichum.

July 28. Unknown number removed. July 29, one with Ento-

mophthora; others putrid.

The general condition of the chinch-bugs in these Mahomet fields,

as exhibited by these observations and experiments, is thus summed
up by observer Snow:

'•The bugs must have been immensely thick in the wheat. They
then attacked corn and wheat adjacent, doing the greater part of

their damage by June 15. Millions of them died and are now (July

15) to be found sometimes hardly recognizable and broken up and
(covered with Sporotrichum. Entomophthora no doubt carried away
many, as it was found in quantity in the corn July 7. Next, the oats
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drying up and being harvested, the bugs have been leaving it for the
last two vpeeks and are making a second invasion of the corn."

Auf/usf S. Fields had been flooded with heavy rains two or three
weeks previously. Adults practically all gone, and very few young
to be found. Possibly swept away by floods. Many bodies covered
with Sporotrichum found ])eneath corn stalks and other rubbish.

ECONOMIC" CONCLUSION.

As a general result of these investigations we certainly Iiave no
warrant for asserting that the natural agencies effective in reducing
an extraordinary outbreak of the chinch-bug can now be definitely

controlled by us for economic ends. So far as ascertained, the final
causes of unusual natural destruction of this insect are meteorologic-
al; and until the weather of the season, or even of the year, can be
foretold with approximate definiteness and certainty, we cannot fore-

cast the course of events with respect to injuries by the chinch-bug.
Economic entomology must wait at this point upon meteorology.
Whether the fungi of contagious disease can be artificially made use

of to hasten or intensif}' the serviceable effects of favorable weather,
with a fretjuency or to an extent to make this procedure economically
worth while, I am not yet prepared to say. The methods of dis-

tributing these fungi in the field have hitherto been too crude
to make their substantial failure conclusive as to the whole
subject. It now seems quite clear that they can at best be used
only as secondary to other measures, esj^ecially the midsummer
measures described in the third article of this report. If applicable

at all, however, they can be brought to bear at a point now entirely

defenceless; and it seems the dvitj' of the American economic entomolo-
gist to spare no iDains to investigate to a final and indisputable conclu-
sion anything which promises so much as a remote possibility that the
chinch-bug may be attacked even to occasional advantage after it has
settled itself in fields of small arrain.
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THE SPONTANEOUS OCCURRENCE OF WHITE MUS-
CARDINE AMONG CHINCH-BUGS IN 1895.

The fact that the fungi of disease become locally much more ap-
parent among chinch-bugs after some years of excess in numbers of

the insects themselves has already been repeatedly mentioned. The
receipt in 1895 of large numbers of packages of living bugs, sent to

the office with the expectation that they would be exposed by us to

the contagion of disease and returned to the senders for use as an in-

fection material, gave me a favorable opportunity to ascertain the
condition of the insects sent with reference to the presence of disease

among them when received. The first lot of the season arrived May
8 from Highland, Madison county. They were sent in a tin box with
wheat for food. Several hundred were dead when received, but none
showed traces of an external fungus growth. All were placed in a

contagion box of the usual construction, and a very profuse growth
of Sporotrichum globulifenim appeared on their bodies three days
later—an interval so short for the full development of this fungous as

to make it practically certain that they were infected when received.

Thereafter all such lots were placed, immediately on their receipt-

in Mason fruit-jars, each with a little moist sand in the bottom, and
were kept there with the screw cap of the jar tightly closed upon the
rubber ring, a management which effectually prevented all infection

from without unless during the brief interval of the transfer from the

package in which the bugs arrived to the fruit-jar in which they were
kept. The normal rate of growth and development of the white
muscardine fungus on dead bugs is such that I think it practically

certain that these were infected when r^^ceived if the fungus appeared
among them conspicuously within less than three days after their

enclosure in the jar. If such appearance occurred later than three
days, it seems possible, although in most cases scarcely probable, that

they had become infected after arrival.

The second lot of the season, received from Sangamon county, wa.s-

placed on damp sand May 14, and two days later one bug was dead
and covered with Sporol n'cit am (jlobulifenini. In three days more
two others were in like condition.

Another lot, from Hamilton county in Southern Illinois," arriving
May 17, was without traces of Sporotrichum five days thereafter. In
ten days, however, a great many were dead and sevt-ral do/ens were-
well covered with the funu'us of white muscardine.
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May 29, a lot of bugcs received from Pleasant Hill, Pike county,
'was placed on damp earth with wheat for food, a great part of them,
however, being dead on arrival. The next day. May 30, many of

them were covered with a dense growth of Sporofricliiini globnllf-

eriirn. They were returned to the sender the same day.

May 31, a lot received from Christian county and placed on damp
«arth. Seems not to have been examined until June 3. when many
were found completely enveloped in a growth of Sporotrichum.

From June 7 to June 15, six lots were thus tested, received from
Montgomery, Shelby, Greene, Macoupin, Randolph, and Clinton
ooanties, all south of the center of the State and well distributed
across it from east to west. In four lots, from Greene, Macoupin,
Clinton, and Shelby counties respectively, the fungus appeared on
the second day after their receipt; and in one from Randolph county
on the first day. In all these cases the bugs were dead when they
arrived. The remaining lot was not examined for six days after be-

ing enclosed, at which time the interior of the box containing them
was thickly covered with dead, about half of which were imbedded in

the white, fruiting fungus.

On the 17th of June seven lots, received from six different coun-
ties, were tested by the fruit-jar method. Two of these lots—from
Moultrie and FrankUn counties respectively—showed the presence of

white muscardine within tw^o days; a third, from Moultrie county,
within three; and two, from Wayne and Jackson counties, within
four days after receipt. A lot from Macon county and another from
DuPage in Northern Illinois gave no sign of muscardine after ten

days or more. Nine lots were tested on the following day from as

many different counties, of which Saline, in Southern Illinois, was
the farthest south; Edgar, on the Indiana boundary, the farthest

east; Calhoun, at the mouth of the Illinois River, the farthest west;
and Warren the farthest north. In the Edgar-county lot one bug
showed the muscardine fungus on the following day; in that from
Cumberland county, two specimens exhibited it within twotlays; and
in that from Macon county it appeared within three. Fungus-covered
bugs were abundant in the Warren county lot six days after receipt,

and a single one was seen in the Saline county lot at the same time.

Four of these nine collections showed no Sporotrichum within from
six to ten days after receipt.

Results continued about as above to June 27, as shown by obser-

vations made on twenty-eight lots received between June 19 and
that date. Of these but nine failed to develop Sporotrichum at any
time. In two cases this fungus appeared within a day; in five, within
two days; and in seven, within three, the intervals in the remaining
cases ranging from four to nine days. During the three remaining
days of June, however, ten lots out of sixteen received yielded no
muscardine, and in the remaining six only two exhibited it within
two days. Ten lots tested from July 1 to 13 showed the muscardine
in all but two. Four of these came from extreme Northern Illinois

—Will, DuPage and McHenry counties. In the DuPage county lot
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the fungi appeared witliin two days, in the Will county lot within
three, and in the McHenry county specimens within four days.

Eighty-two lots of chinch-bugs in all were thus tested for the pres-

ence of Sporotrichum. These came in from tifty-two counties of the

one hundred and two in the State, only four of them from Northern,
and eighteen from Southern, Illinois. Twentj^-seven of these lots, or
very nearly thirty-three per cent., yielded no evidence of the presence
of muscardine; but in twenty- five cases, or about thirty per cent., the
fungus of this disease appeared within one or two days after the ar-

rival of the specimens. If we assume—as I think from my experi-

ence with this fungus that we safely may—that the bugs which gave
evidence of its presence within three days had brought the infection

with them, then the total number of these lots was thirty-eight, or

approximately forty-six per cent, of the whole.

No especial localization of muscardjne was apparent in any part of
the State, but it seemed to be generally distributed, The bugs col-

lected were of course ordinarily taken from badly infested fields, and
the lots received were an insignificant fraction of the number in the
field. No special search was made by the collectors of these insects

for diseased specimens, but, on the contrary, they were sent to the
office for inoculation on the supposition that they were themselves
free from disease. We must suppose, consequently, that muscar'iine

was very much more generally present than the results of these test

observations would immediately prove, and it seems to me quite
probable that it might have been found in all but a very small per-

centage of the fields of the State seriously infested by the chinch-
bug during the spring and early summer of lb95. Indeed. I fre-

quently advised correspondents who wished to get a supply of bugs
infected with muscardine, simpl^^ to shut up in a contagion box with
a supply of food any considerable number of bugs from their own
fields, in the expectation that the fungus would presently appear
among them and that they would thus become spontaneously in-

fected.

To what extent this general oecurrenc;^ of muscardine in Illinois

may have been due to the several thousand lots of fungus-covered
bugs sent out from my office to all parts of the State diiriug the two
years preceding, it is of course im[)ossible to say; but the extremely
dry weather of those years during the time when these distributions
were made, very probably prevented in most cases the successful
pro]jagation of the fungus in the fields. This certainly was the case
in our owfi experim'Mital work. I'ara inclitied to think, consequently,
that the loresence of Sporotrichum here re])orted was a normal and
usual fact, not great) v infli'^nced by the distributions of the preced-
ing year.

Tf'is woriiiy oi ;i(i:!i 'Kiiiil remark that m most lots of speoinipus in
M'hich the muscardine fungus appeared under our observatioiis only
a verv smvll parcentage of the bugs in tlie lot were affected bv it—
often only one or two out of maiiv hundreds. This would indir'ate

either a comoarativelv snant}^ distribution of the fungus in the fields

or an unequal susceptibility of the chinch-bugs to its attack.
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In nearly every case by far the greater number of bugs received
were dead when they came in, having died, of course, in transit, and
being consequently ([uite fresh ui)on their arrival. The failure of
the fungus to spread among these dead bugs after its appearance in
onr fruit-jars shows that dead insects do not furnish a suitable sub-
-^tratum for its growth except when recently dead. Indeed, we have
not at present any evidence that this fungus will grow on a chinch-
bug which has died from natural causes other than drowning, or
similar sudden accidents which leave the tissues of the insect in sub-
stantially normal condition. Certainly if sufficient time elapses
between death and infection for bacterial disorganization, the
muscardine fungus cannot make a start: and when we remember
that every chinch-bug has in the co^ca of its alimentary canal an im-
mense store of living bacteria, we see that the interval of freedom
from p()sf-hiorte))t decomposition must be very brief. In short, not-
withstanding our experimental determination of the susceptibility of

the freshly killed chinch-bug to invasion by Sporotrichum, I do not
think it probable that insects found dead in the field and imbedded
in this fungus liave very fr(H~[uently been infected after death.



MISCELLANEOUS CHINCH-BUG EXPERIMENTS.

I have next to report a considerable number of miscellaneous ex-

periments on chinch-bugs carried on from my office in the year 1895,

the object of which was either to verify earlier experiments or to

settle new points in the economy of these insects.

Some of these experiments related to the vitality of the hibernating
generation of the chinch-bug as compared with the midsummer gen-
eration, with especial reference to the possibility of introducing con-
tagious disease among this hibernating generation while concentrated
in their winter quarters, just before the spring dispersal. I thought
it possible that the much longer life of this generation and its ex-

posure to the vicissitudes of hibernation might so reduce its vigor as

to make it more liable than the generation next to follow to injury by
rains and drouth and by the attack of its muscardine parasites. The
results of the experiments give, however, no support to this hypoth-
esis. On the contrary, hibernating chinch-bugs immersed contin-

uously in water, confined in a saturated atmosphere, or exposed to

death by drouth or by starvation, showed powers of resistance prac-

tically equal to those of the midsummer generation, as these had been
determined by my experiments of previous years.

Attempts to introduce the contagious disease known as white mus-
cardine among hibernating chinch-bugs completely failed so far as

could be seen, owing iDrimarily to the fact, learned in the course of these
experiments, that the fungus of this disease would neither germinate
nor grow in the hibernating quarters of the chinch-bug until the
weather had warmetl sufficiently to lead the bugs to abandon them
for the fields of growing grain. The beginning of growth of the
muscardine fungus at outdoor temperatures in jars placed on the

ground was, in fact, quite simultaneous with the spring disjjersal of

the bug. It is i30ssible, of course, that the muscardine infection was
conveyed to the field by these scattering bugs, to take effect there
later; but I have no definite evidence to that effect.

Another series of experiments was intended to test the possibility

of the destruction of chinch-bugs under natural conditions in the
fields by extreme midsummer heat. Here, also, the results were mainly
negative. It was found by laboratory experimentation that a moist
heat of 117^ applied continuously for twenty hours, of 119" for six

hours, and of 120" to 122" for two hours was fatal to chinch-bugs;
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and that the oflPect of the same temperatures in dry air was not very
materially different. Careful observations of temperatures in all out-
door situations where chinch-bugs are likely to iiarbor in the hottest
midsummer days, gave no such fatal temperatures. It seemed
l^ossible, however, that chinch-bugs' eggs might be destroyed by mid-
summer heat, even when concealed by clods of earth of considerable
size.

Experiments with the eggs of these insects show that they will

hatch without loss if kept coutituiousl}'' submerged in water from the
time that they were laid, but that the young hatching under water
will almost invariably drown; that eggs may also hatch if kept con-
tinuously in a saturated atmosphere, but that a large percentage may
fail under these conditions and that the freshly hatched young uiay

drown ; and that ke[)t continuously in very dry air the eggs may fail to

hatch almost entirely, large numbers of the young not succeeding in

freeing themselves fully from the shell. Drouth of this degree, how-
ever, is probably never experienced in the held.

Contrary to an earlier conclusion it was proven that eggs of chinch-
bugs are but little susceptible to infection by the muscardine fuugi^

S[)orotrichum being, however, more effective than Entomophthora,
This latter fungus was shown t(i spread among bugs in confinement
slowly and imperfectly, less actively indeed tlian Sporotrichum, A
field experiment confirmed again the already frequently repeated
conclusion that hot and dry weather prevents the spread of white-

muscardine in the field, but showed also that the fungus of this dis-

ease manages to persist, in a small way, here and there, under general
conditions extremely unfavorably to it.

An instructive series of laboratory experiments showed that the
fungus of white muscardine can be grown very readily upon the
dead bodies of chinch-bugs freshly killed if these are well infected

immediately after death and kept under conditions of temperature
and moisture favorable to the growth of the fungus. This is a point
of some practical interest, since it suggests a p')sslbi!ity that chinch-
bugs found dead in the field and covered with the fungus of mus-
cardine may not always have been killed by it, but may have grown
it as a consequence of posl-morlon infection.

Tt is also clearly shown by these experiments that cliinch-bugs can-
not be killed in early spring in their winter quarters by burning over
a grassy turf in which they have sought shelter for hibernation.

The burial of chinch-bugs' egus by plowing and rolling was imitated

by a laboratory experiment with the effect to prev(Mit the hatching of

from one fifth to one fourth of them when buried to a (le[)th of two
to four inches.

It is also shown that salt ai>plie(l to soil and mixed with it to the-

amount ef twenty ])er cent, pao lu(;ed no elfet-t up'iii th(> tiatching of

c1\inch-bugs' eggs distributetl through the eartii.

K.rpcriiiiciif^ on Ci'Dijxn-dtivc V^ilalihi of HihcrNnfin;/ Chiiirh-

h>i(jx.—On ])au:e 1::)7 of my Eighth Rep irt it is sho\tn that adult

chinch-buiis of the midsummer generation may live floating u[)on
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the surface of water from seven to fifteen days, with an average of

about thirteen. To determine whether the hibernating generation

might be more readily aflPected by moisture after prolonged exj)osure

to the winter, a similar experiment was tried, beginning March 31,

1896. with small lots of chinch-bugs carefully placed upon the sur-

face of water in glasses and covered with fine Swiss muslin. These
hibernating adults, brought in from the field at the time, lived from
three to twenty-one days, being an average of a little over twelve

days—a result so similar to that of the preceding year that it seems
likely that there is little difference between the capacity of the two
generations of this insect to withstand the effect of continued moist-

ure. On the other hand, an equal number of specimens, similarly

placed except that the dishes containing them were covered with

glass plates so as to keep the atmosphere thoroughly saturated

throughout, lived on an average only eight and two-third days.

10. Confinement of Hibernatincj Chinch-bngs.—The vitality of

this generation was still further tested by putting eighteen speci-

mens in three lots of six each in covered glass dishes over moist

earth, this being occasionally moistened to maintain normal con-

ditions. In this experiment, begun March .Bl, the chinch-bugs, kept

without food, began to die April 25 and were all dead on the 18th of

May, the average length of life under these circumstances being
thirty-eight days. In a similar experiment, begun at the same time,

with an equal number of insects, kept under like conditions except that

the glass vessels were covered with Swiss muslin and that no water

was supplied, the bugs began to die in four days and were all dead
in eight, the average being between five and six days. Where the

glass was empty, the conditions being otherwise the same, deaths

began in two days and all the bugs were dead in four, the average

period of survival being between two and three days. In these last

two experiments death was evidently caused by drouth, and in the

first one by starvation.

These results are fairly similar to those of like experiments with

the midsummer generation reported on pages 187 and 188 of my
previous report, and afford additional evidence that the hibernating

generation is not noticeably weakened by its exposure to winter

conditions.

A comparison of these results with those reported under experi-

ment No. 6, on page 185 of my Eighth Report, would seem to indicate

about an equal power of resistance to continuous submersion on the

part of chinch-bugs of this hibernating generation collected in fall

and those collected in spring. Experiment No. 5, on the other hand,

described on page 184, shows that the freshly molted adults are more
delicate than hardened adults.

Immersion of Hibernating Chinch-bugs.—From a series of

twenty-one experiments made to determine the capacity of the hiber-

nating generation to sustain continuous immersion in water, we
learn that complete submersion in rain water at a temperature of 70°

Fah. was sustained without loss of life for periods varying from
(\
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tweuty-ouo to twonty-eight hours; that bugs began to die after

thirty-one hours of submersion; and that all or nearly all were killed

by fifty-eight to sixty hours* continuance of this treatment. One
out of thirty-six survived seventy hours' immersion, however; two
out of thirty were living after seventy-two hours; and one out of

thirty-six could still move its legs after ninety-nine hours.

Attempts to infect Chinch-hugs tvith Muscar<tine in their Winter
(^Mar/ei'8. -First experiment. Pieces of corn-meal culture medium
upon whifh Sporotrichunt (jlobnliferum had been grown were placed
April o, 18U5, in bunchesof orchard grass upon the Experiment Station
farmamong hibernating chinch-bugs. The ground at the time was very
damp, snow and heavy rain having occurred during the two preced-
ing days, The temperatuTe at the surface of the ground was 52°

Fahr. at 1:)]0 p. m. April 5, temperature at 2 p. m. was 72° Fahr.
Culture material dry and abundant in stools of grass where it was
placed. Many live chinch-bugs, but none dead and no signs of in-

fection. April 10, temperature of surface at 1: HO p. m. 68° Fahr.,

ground very wet from heavy rains just preceding, and infection ma-
terial all washed away. An abundance of live chinch-bugs but no
dead ones. April 12, the afternoon temperature of the surface was
72° Fahr.: April 15, 54°; April 17, at 8: 30 p. m., 59°; April 18, at

1:30 p. m., 68°; April 20, at 10:45 a. m., 72°. At this time the bugs
were abundant and in good condition, and there was no trace of dis-

ease among them. A few were beginning to fly. April 23, at 2 p. m.,

surface temperature of ground 68.5". Bugs less abundant than
before, abandoning their winter quarters. No dead. April 24, sur-

face temperature at 2 p. m., 74° Fahr. Remains of original infection

material evident, but no fresh growth from it and no dead insects.

Living chinch-bugs have all disappeared, having abandoned their

winter quarters for the season.

April 17. Second experiment. It was the primary purpose of

this experiment to ascertain whether the conditions obtaining in the
winter quarters of the chinch-bugs are such as to permit the growth
and fructification of the fungus of white muscardine. For this pur-
pose a test-tube of agar-agar and a fruit-jar of corn meal and beef
broth were profusely inoculated with spores from a lepidop-
terous larva whicli was completely enveloped in a fruiting growth of

Sporotricliuin glob}difer urn. Other larv;e in the same condition
were broken up in fine dirt which was then distributed among chinch-
bugs on a selected spot of orchard grass on the Experiment Station
farm, where chinch-bugs were present in great numbers. The agar-
agar and the corn-meal cultures were placed on the ground in the
midst of the grass so treated, each being covered with broken tile.

The surface temperature of the ground at 3: 30 p. m. was 59° Fahr.
April 18, surface temperature at 1: 30 p. m. was 68°; April 19, 2 p.

m., surface temperature under grass 70°; April 20, 1(): 45 a. ra., sur-

face temperature 72 \ Questionable fungous growth beginning on
corn-meal culture; none on agar. April 22, 2 p. m., surface temper-
ature 67 ; bugs abundant in grass, but no traces of fungus among
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them. Ground rather damp from rains within last twenty-four
hours. April 23, 2 p. m., surface temperature of ground 68.5° Fahr.
Slight development of impure fungus growth on corn-meal—some
of it apparently Sporotrichum : none on agar. No dead chinch-

bugs; living beginning to desert their winter quarters. April 24,

surface temperature 74° at 2: 30 p. m.; ground rather dry. Neither
living or dead chinch-bugs in the grass. Traces of original material

distributed have all disappeared. Agar culture without growth.
April 25. surface temx)erature at 3 p. m. 72°. Growth on corn-meal
medium more abundant on under side of mass, where it has shrunken
away.from glass; this part unquestionably Sporotrichum. Beginning
growth of Sporotrichum in agar tube. A few remaining chinch-
bugs found in grass, but no dead and no trace of fungous disease.

April 29, surface temperature 71° at 2: 30 p. m. Very good growth
of Sporotrichum on surface of agar and well-marked in fruit-jars.

By May 6 the corn-meal culture of this muscardine fungus was pro-

fuse and covered the entire surface; but that on agar was less

abundant.

Temperature Ex])eriments on Chinch-bugs.—For the purpose
of determining the capacity of the chinch-bug to endure heat, a large

number of experiments were tried in my laboratory with chinch-bugs
of various ages exposed to temperatures ranging from 100° to 139°

Fahr., for periods varying from half an hour to thirty-six hours, under
conditions to compare the effects of dry and moist heat res^Dectively at

the various temperatures tested. The apparatus used for' this pur-
pose was an ordinary bacteriological sterilizer (Arnold Steam Steril-

izer) with an automatic temperature regulator. The insects ex-

posed were commonly placed in glass Petri dishes, with paper in the

bottom,—either moist or dry,—or, in some cases, in moist earth. In
experiments to determine the effect of moist heat a portion of a

green corn leaf was commonly enclosed with the insects as food.

The particulars and results of these experiments are best exhibited

in tabular form.
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No. 9. The eight remaining alive just able to crawl. Threeof them
died afterwards.

No. 36. One of those living was an adult, three were pupae, and
one was of the second molt.

37. The living were adults, pupae, and bugs of the second molt.

The data of the foregoing tables are not everywhere self-consistent,

the results of some experiments being out of agreement with those of

other experiments professedly identical, but these minor inconsisten-

cies are not uncommon in biological experimentation, and are some-
times unavoidable. In our case they are probably usually due to the

different history and previous treatment of lots of specimens used in

the experiments. With the exception of Nos. 1 and 2 the specimens
were placed in small covered tin pill-boxes of one-eighth ounce
capacity, instead of being enclosed, as in all the other experiments, in

glass Petri dishes three inches in diameter and an inch in depth.

The difference in result due to this difference in management is

shown by a comparison of Experiments Nos. 2 and 9, in the first of

which half an hour's exposure to a moist heat of 122° killed all the

specimens, while in the second an equal exposure to a temperature

of 130° to 133° was fatal to only two thirds of those subjected to it.

Nos. 1 and 2, for this reason, should be rejected.

The lowest temperature recorded by which chinch-bugs may be

killed in moist air is 116.6°, and in this case all died on twenty

hours' exposure (No. 42) . A temperature of 118.4° of moist heat

was completely fatal after six hours' exposure, and the greater part

of those subjected to a temperature varying from 120° to 123° died

after two hours' exposure (No. 36). On the other hand, none were
killed by one hour's endurance of 120.2°; about twenty-five per cent,

were able to endure from 130° to 133° for at least half an hour (No.

9) ; and about twenty per cent, survived after two and a half hours'

exposure to a temperature of 120° to 123°. The lowest temperature

and the shortest periods found completely fatal in dry air are 116.6°

for twenty hours, 118.4° for six hours, 120° for three hours, 125° for

one hour, and 120° to 132° for half an hour.

A comparison of these conclusions with data already published,

based on field observations (see my Eighth Report, p. 10) , leaves an.

unexplained discrepancy. In Experiment No. 3, there reported, chinch-

bugs began to die in the open field when exposed to the sun when
the surface dirt had reached a temperature of 108°, and in twenty

minutes at 122° of surface temperature most of those exposed to it

were dead (see page 9, Report cited) . A similar observation is re-

corded on page 38 of the present Report, according to which 110° of

heat in the surface of layer dust was^ found rapidly fatal to young
bugs.

The greater efficiency of dry heat may be seen by contrasting Ex-
periments 11 and 12, 13 and 14 on the one hand with 15 on the other,

No. 18 with 19, 26 with 27, 28 with 29, and 30 with 31.

Temperature Ex^jerimenis with Chinch-bugs^ ^[/QS-—l^o ascer-

tain the temperature exposures destructive of the egg of the chinoh-
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bug in the tiold, laboratory experinicuts with uniform temperatures
were conducted on lots of cliiucb-bngs' eggs obtained in continement
under conditions such as to insure normal fertilization of the eggs.
Twenty-tive eggs set aside August 12, 1^)5, without treatment, and
kept as a check, all hatched except two which had evidently been
injured, hatching beginning August 17 and continuing until

August 22.

Lots of ton eggs each were placed in small covered tin pill-boxes
(of one-eighth ounce capacity) and placed in a sterilizer at uniform
temperatures varying from \)IA Fahr. (33 Cent.) to 186.4" Fahr.
(58" Cent.) and exposed for periods varying from two hours to six-

teen and a half hours. After these experimental (Exposures to uni-
form dry heat the eggs were placed under conditions most favorable
to their hatching and watched from day to day until they either
hatched or were evidently spoiled. Of ten lots so treated only three
hatched, and of these all hatched with the exception of one specimen
in each of two lots, crushed by accident. The temperature exposures
thus found to be harmless were fourteen hours' exposure to 91.4^

Fahr.. six hours" exjiosure to 95 \ and seventeen hours" exposure to

109.4 \

The minimum exposure found destructive to the chinch-bug egg
was two hours at 116.8" Fahr.. all the temperatures above this min-
imum being of course fatal to the egg. The various lots which
finally hatched were neither notably retarded nor. hastened in de-
velopment by their treatment. No experiments were made to ascer-
tain the etfects of high temperatures in moist air upon the chinch-
bug egg.

Field Temperat lives in Hot Midsunniiev Weather.—Having fre-

quently observed during field experimental operations the destruction
of chinch-bugs by direct exposure to the heat of the sun in furrows
of dry and dusty earth. I directed during the summer of 1895 some
observations and experiments intended to determine (1) field tem-
peratures during the heat of the summer in situations frequented by
chinch-bugs, and (2) the power of resistance of chinch-bugs of va-
rious ages to high temperatures, dry and moist *

August IB. 1895, a bright summer day in the midst of a long sea-
of heat and drouth, with a maximum temperature for the day of 93"\

a minimum of 55 \ and a mean of 76 \ it was found at 3:30 p. m. that
a thermometer four feet above the ground, in the shade, registered
92' Fahr.; in the sun, six feet above the surface, 98'

. At this time
the temperature of the surface layers of the soil, as tested by a

thermometer laid horizontally upon the surface and barely covered
with dirt, was 128\ Similarly placed in the shade, the temperature
reading was 80". Tnder a clod three inches in diameter, exposed to

the sun in a corn field, the temperature was 113; on the surface of
the ground in the midst of green vegetation, in the sun. 103"; on the
surface under dead grass, in the sun. 94"; in corn, behind the sheath
of a leaf, three and one half feet above the ground. h9 , and two feet

'EiirliiT data on both tliese points may be found in my last entomological Report, pp. S-12.
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above ground, 87°; on the surface, among the brace roots of the corn

plant, in the shade, 91'; in corn field, l)nre]\' buried beneath the

surface, in the shade, 81) .

On the 27th of August, a fair day but somewhat cloudy, with sun-

shine about two thirds of the time, the earth and air somewhat moist

from two thirds of an inch of rain which fell the previous day, a

similar series of observations gave a maximum temperature reading
of 9eO°, a minimum of (')fS°, and a mean of 80.5°. It was found at 8:30

p. m. that a thermometer four feet above the ground in the shade
registered 92" Fahr.; in the sun, under the same conditions, 95'^

;

and in the sun, six feet above the surface, 98''. At this time the

temperature of the surface layersof the soil, as testtdby a thermometer
laid horizontally upon the surface and barely covered with dirt, was
101 '^ Similarly placed in the shade, the temperature reading was
86.5°. Under a clod three inches in diameter, exposed to the sun in

a corn field, the temperature was 94° ; on the surface of the ground
in the midst of green vegetation, in the sun, 97°; on the surface,

under dead grass, 88 ; in corn, behind the sheath of a leaf, three and
a half feet above ground, in shade, 90", two feet above ground. h9.5°;

tm the surface, among the brace roots of the corn plant, in the

shade, 91: in corn field, barelv buried Ix'tieath the surface, in the

shade, 89°.

The second of these days, it will be noticed, was the warmer, the

mean temperature exceeding that of the first by 4.5°, the maximum
by 2°, and the minimum by I'V . The air temperature at )J:30p m.

was, however, the same for both days in both sun and shade, but the

soil temperatures in the sun were much lower on the second and
warmer day; a fact doubtless to l)e accounted for l)y the rapid evap-

oration in progress after the somewhat recent rain.

A comparison of these temperature records with those of the tem-
perature experiments with chinch-bugs just reported shows that on
August 27, a day of moist heat, the chinch-Vnig was nowhere exposed
to a temperature sufficient to endanger its life, the highest reading
in the field lacking several degrees of the heat found to be fatal to

that insect; and that on a dry, hot day, August 18, the only i^lace

where the lioat was sufficient to kill the chinch-bug was the bare sur-

face of the earth in the unobstructed sunlight. The heat under a

large clod in the open sunlight lacked but little, however, of a tem-
perature high enough to kill the bug itself on six hours' exposure,

and was probably quite sufficient to cook some, at least, of the eggs
in two hours. It is quite likely, however, that the escaping moisture
of the earth in such a situation woidd raise the fatal temperature
point so far that no loss of either eggs or bugs would occur. The
chinch-bug is jirompt to shelter itself from the sun in hot weather,

and we cannot infer from these observations any probability that it

suffers at any time or in any stage a considerable loss from midsum-
mer heat in the field if left free to protect itself according to its in-

stincts.

Effect of Immersion in. Water on Hatcltiiif/ of Cliinch-hiKjs'' E<i(]S.

—August (), 7, and 10, 1895, twenty-seven lots of recently hatched
chinch-bugs' eggs, fl dozen in each lot. were immersed in glass dishes
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-of water, tlic tomp(M'ature of which varied from 64.4' to 78.8' Fahr.,

and kept immersed for periods varying from three hours to sixteen
and a fourth days. An additional lot of a dozen was placed on blot-

ting paper on damp earth in a similar vessel as a check. The periods
of exposure and the number hatching out of each lot are as fol-

lows:

Time of ex- No.
posure. hatching:.

i
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neither was any such growth detected in eggs which showed no evi-

dence of development. The notes of these experiments do not give

details as to numbers and proportions, but these were ascertained by
removing one hundred and forty eggs from this lot May 22 and
keeping them under identical conditions with the remainder. These
began to hatch May 29, the air having been continuously saturated

from the beginning, and by the 30th forty-seven young had emerged;

by the 31st eighty-eight; and by June 1, one hundred and four. One
more hatched June 3, and the remaining thirty-five did not hatch

at all.

A comparison with other lots would indicate that this treatment

of the eggs may have had the effect to prevent the hatching of an

unusually large proportion, and to drown many of the young as they

emerged.

Effed of Droidk on Hatching of ChinchMngs' Eggs.—One
hundred and forty eggs recently laid were placed May 9 on dry blot-

ting paper in a small covered glass dish and kept continuously under

daily observation until June 6. Forty-three of these eggs hatched,

the remainder shrinking and shriveling without hatching. None of

the young, however, succeeded in escaping entirely from the egg,

but all died with about a third of the body sticking in the shell.

Effect of Exposing Chinch-bugs' Eggs to the Fungus of White
Muscardine.—May 9, 1895, a large number of chinch-bugs" eggs

recently hatched were placed on blotting .paper in a shallow glass

dish with a layer of damp sand in the bottom, and were then well

covered with spores of the fungus of white muscardine (Sporotri-

chum) from adult chinch-bugs collected May 7 in the field. The
sand and blotting paper were kept constantly moist and the air in

the dish thoroughly saturated, water standing in drops upon the

under surface of the cover the greater part of the time. Many of

the eggs began to show traces of development by the 20th of

May, but a few remained unchanged. The first young bug appeared

May 22. It was especially treated with fungus spores placed on its

body with a needle. By May 30 the young were hatching somewhat
freely and were having difficulty in crawling up the very moist sur-

face of the blotting paper. Several of them, however, had estab-

lished themselves on a wheat leaf placed in the dish for their benefit.

Additional spores of muscardine fungus were introduced at this time

from another source. May 31 several dead bugs were seen, recently

hatched and sticking to the blotting paper, while adults were crawl-

ing about and some were feeding on the wheat. June 1 several of

these dead bugs were crushed on a slide in distilled water and exam-
ined microscopically. After having been thoroughly and repeatedly

washed their bodies were found completely filled with mycelial

threads, evidently those of Sporofrichum glohiiJifo-iiui, and a surface

growth of this fungus had appeared at the broken end of a mutilated

leg. There were no other external traces of this fungous infection on
the young at this time. A microscopical examination of eggs ap-

parently not likely to hatch was made June 3. They were carefully

washed in distilled water and crushed on a glass slide and examine''
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microscopically. No bacterial affection was detected, but mycelial
threads, apparently of Sporotrichum glohuliferurn, were present in

them. Bodies of young bugs were likewise examined June 6 with a

similar result. One especially signifisant examination was made of an
egg apparentl}^ nearly ready to hatch, containing, in fact, a young bug
quite fully devolopei. The egg was thoroughly washed three times
in distilled water, and then crushed under a cover-glass. There were
mycelial threads in the body cavity of the bug, in practically the
same condition as those found in dead bugs after hatching.

August 6, 1895, a hundred freshly laid eggs were placed on
blotting paper over damp earth in a covered dish, as above, and
thoroughly treated with spores of white muscardine. These were
from a pure agar culture one remove from growth on a dead insect ob-
tained in the field. The eggs began to show the pinkish tint denot-
ing development August 10. i^ugust 13, a single egg crushed under
the microscope gave no evidence of fungous infection, but August 14
one egg was observed having a profuse growth of Sporotrichuiit

f/Iohii Iiferum coming horn one end. The egg was completely filled

with this mycelium, as shown by a microscopic examination of a per-

manent mount. Two bugs dead at 8:30 a. m., August 16, and hatched
since 10 o'clock a. m. of the previous day, were found filled with
mycelial threads of Sporotrichum (jlobuliferum. August 18 two
young were observed which had not been able fully to release them-
selves from the egg shell, and one of these was covered with a ver}'

fine mycelial growth, coming principally from the dorsal surface. A
dead young bug, which had hatched within twenty-four hours, was
observed August 20 bearing a profuse mycelial growth of Sporotri-

chum, and two others were observed in the same condition the follow-

ing day. Seventy-eight of the one hundred in this lot finally

hatched, and six of the remainder exhibited a growth of muscardine.
Two eggs showed a similar fungous infection, and twenty remained
unhatched without change.

As a check on the foregoing experiment a hundred eggs from the

same lot were treated precisely like the above, except that they were not
exposed to fungous infection. These began to hatch August 15, on
which date twenty-seven emerged. Twenty-one additional were re-

moved on the following day, and by August 18 all had hatched Ac-

cept eight. By the 21st only five eggs remained unhatched of the

hundred used, and no fungus of any sort was seen in or upon either

eggs or young.

August 22, 1895. thirty freshly laid eggs were placed on blotting-

paper over damp earth in a covered glass dish three inches in

diameter, and treated with spores of a pure culture of Sporotrichum
glohuliferurn, one remove from the insect. These spores were dis-

tributed by rubbing them over and about the eggs with a j)latinum

needle. The earth and air in the dish were kept continuously moist.

Developmental changes began to manifest themselves August 2(), and
on the 27th one egg was observed emitting a conspicuous felt growth
of Sporolrichum glohuliferurn. This, growth fruited the following-

day, and a number of others seemed similarly infected. The young
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began to emerge September 5, ten appearing on that day and six the

day following. Fonr eggs taken at random from time to time and
crushed under the microscope were apparently not infected. Nine-
teen young emerged in all. Four eggs were used for microscopic

examination; one was infected with white muscardine; and six re-

mained unhatched at the termination of the experiment, September 7.

In a check lot of thirty eggs, kept under identical condition except

as to infection, hatching began September 4 and continued until

September 7, at which time twenty-four had hatched and six re-

mained without evidence of development.

Effect of Exposing Chinch-hugs' Eggs to the Fungus of Green
Muscordine.—July 13, an experiment was made to test the possi-

bility of infecting eggs of chinch-bugs with the parasitic fungus,

Entomophihora aphidis. For this purpose eggs were removed from
breeding-boxes containing collections made at Tamaroa July 10, and
were placed on damp sand in a Petri dish, together with several dead
chinch-bugs covered with a fruiting growth of Entomophtliora.
They were examined from day to day, the sand being kept moist, and
more bugs covered with a fresh growth of Entomophtliora being in-

troduced. No evidence was seen at any time of an infection of the

eggs. On the contrary, these began July 16 to change color in a way
to show the development of the embryo within. On the 20th several

eggs which seemed possibly infected were microscopically examined,
but the contents of ever}' egg were entirely healthy. On the 23d
these eggs began to hatch, and further observations were not recorded.

Experiments, with Entomophihoixi on Chinch-hugs.—Oppor-
tunities for laboratory experimentation with the Entomophtliora of

the chinch-bug, E. aphidis, have arisen in my experience so rarely

that especial pains was taken to apply for experimental purposes, in

comparison with the more common fungus Sporotrichum, some ma-
terial brought in by Mr. Johnson from a field near Vandalia, 111.,

September 14, 1895, in which field there was a considerable outbreak
of Entomophtliora among chinch-bugs. The fungus, although col-

lapsed when brought in, was quite fresh. A number of bugs adherent
to leaves of horse-nettle and covered with a growth of Entomoph-
thora were placed on moist sand in a large jar covered with muslin,

and to this were then introduced several hundred chinch-bugs fresh

from a field adjacent to my office. Four days later, September 18, a

few dead bugs were seen, but none exhibiting any fungous growth;
and two crushed and examined microscopically gave no evidence of

Entomoi)hthora. On the 20th, however, six days after the experi-

ment began, a single chinch-bug was found dead and attached to a

piece of the corn put in as food, and showing a slight external growth
of Entomophtliora. No further evidence of infection was obtained
until October 1, when the experiment was discontinued—somewhat
hastily, as it would appear from observations presently to be re-

corded.

At the same time with the preceding experiment, two ojjen con-

tagion boxes containing a layer of earth and a largo number of

chinch-bugs were used for a more extensive experiment that the pre-
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ceding. Among the great number of chinch-bugs contained in these

boxes a considerable number dead with Entomophthora were scat-

tered Sei:)tember l-i on the damp earth among the living bugs. Fresh
food was at the same time introduced, and the earth in the bottom of

the boxes moistened. No trace of an extension of the Entomoph-
thora to living insects was seen until September 20, when a single

specimen was found dead and covered with a fresh growth of this

fungus. Sporotrichum was, however, increasing in both the boxes,

appearing not only on chinch-bugs, but on other insects accidentally

introduced. No more Entomophthora was seen until September 26,

when two bugs were found dead with it, one in each box. More than
fifty insects in the meantime, among them a blow-fly maggot, had
produced a fresh growth of Sporotrichum. The Entomophthora at-

tack had, however, increased somewhat by the 28th, when about a

dozen insects exhibited a profuse growth of it, some of them on the
ground and others attached to leaves; this in one of the boxes only.

By September 30 this appearance had died away, only a single

chinch-bug being found dead with Entomophthora on that day.

Sporotiichum was, however, quite abundant, some twenty-five or

more showing fresh growth. October 9 the Entomophthora seemed
to have disappeared entirely, but on the 12th it had appeared again,

showing a good growth on several bugs, specimens covered with
Sporotrichum being at least equally common. The experiment was
at this time neglected, the contents of the boxes being permitted to

dry out and to remain dry until November 30, at which time most of

the bugs were dead, such of them as were microscopically examined
being filled with a fungus mycelium. Water was now added, with the

effect to develop a few days later a good growth of Sporotrichum on
many of the bugs, but none at all of Entomophthora.

There is a suggestion of periodicity in these results which leads me
to suppose that the coming and going of the fungus in these boxes
is to be connected with the period of incubation between the ripening
of the spores and the growth and fruiting of the plant anew. The
first and second of such intervals seem to have been six days After
the second interval, for a period of eight days, from October 1 to 9,

the contents of the box were not watered, and it is to this fact, per-

haps, that the long interval of fourteen to sixteen days, running to

October 12, is to be attributed. During the next month the contents
of the box dried out completely, this treatment apparently killing

the Entomophthora, as it did not revive upon the addition of water
Noveml)er 30. Sporotrichum was, however, much more persistent in

this experiment, and evidently attacked from beginningto end a larger

number of bugs than did the Entomophthora. Although this Sporo-
trichum had not been experimentally introduced in the beginning,
its presence among the chinch-bugs used in the experiment had al-

ready been noted.

Field Expcriiiicnis with White Muscardine Fungus {Sporo-
trichum (jlohiilifcru.m) on ChincJt-bugn.—The occurrence in 1895 of

the chinch-bug in moderate numbers in a field of wheat on the Ex-
periment Station premises, at a distance of a quarter of a mile from
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my office, gave an opportunity not previously possible for careful ex-

perimental field work with the fungi of contagious diseases and regu-

lar observations of the results. Four such experiments were conse-

quently made, the first beginning May 14, the second, May 23, the

third, September 4, and the fourth, September 20.

The material for infection was obtained from cultures and infec-

tion experiments in progress at my office, and from various outside

sources indicated in the detailed descriptions. As these are the only

experiments of the kind which it has been possible for us to follow

with practical continuity, they seem worth reporting in some detail.

May 14, in a plot of winter wheat containing about eight acres

moderately infested with adult chinch-bugs and young just begin-

ning to hatch, about one hundred and twenty-five dead chinch-bugs,

covered with a good growth of Sporotrichum glohulifermn, and a

corn-meal culture of the same fungus having a surface of about a

square inch, were placed in stools of wheat in a selected part of the

field, the locality being marked for observation. The ground was
somewhat damp at the time, a sprinkle of rain (.1 inch) having fallen

the night before, and 1.5 inches on the night of the 11th. The wheat
was trampled down in several places where the infested material was
distributed in order to shelter the ground and keep it moist. A quar-

ter of an inch of rain fell on the evening of the 15th, and .13 of an
inch on the evening of the 18th, followed by a sprinkle merely on the

night of the I9th. The weather of this interval was cloudy more
than half the time. The mean daily temperature ranged from 41° to

61° Fahr. between the 14th, when the experiment began, and the 22d,

when the first examination of the situation was made. The minimum
reading reached the freezing point but once (on May 21) and the

highest temperature of the interval was 75°.

On the 22d the ground was slightly damp and chinch-bugs were
rather numerous, many of the eggs showing considerable develop-

ment. No traces of fresh fungous growth were found! A large quan-
tity of miscellaneous material from two contagion boxes in the labora-

tory and from artificial cultures on corn meal were distributed this

day in the same field, together with a small number of chinch-bugs
covered with a fresh fungous growth. Upon the ground where these

distributions were made straw and grass were scattered to preserve

the surface moisture.

An examination of the field was made May 27, the interval having
been clear and dry except for a slight sprinkle of rain on the night
of the 2Hth, and the ground was consequently very dry. No fresh

fungous growth was discoverable, and the contents of two more ciilture

pans, each a foot in diameter, together with a fruit-jar culture of

Sporotrichum and a miscellaneous lot of chinch-bugs covered with
the same muscardine fungus as that received from correspondents,were
also scattered in the field. Chinch-bugs were pairing and young
were hatching in some numbers. On the last of this month, no notice-

able rain having occurred since the 18th, another thorough examina-
tion of the field was made. No traces of fresh fungous growth were
seen on the dry material, which could still be found on the surface.
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The bugs were most abundant in the lower parts of the field, where,
in fact, they had dwarfed the wheat. Many young were now clus-

tered on the stems, but none were found dead. Adults were still pair-

ing, and a few eggs remained unhatched.

The month closed with a hot wave, the maximum temperature
reaching 95° on the 31st, and the mean temperature of the last three
days ranging from 75° to 83°. Similar weather continued until June
3, at which time the field was again examined with similar results.

The only surface moisture observed in the field was under the patches
of trampled wheat. The entire contents of two contagion boxes in

the laboratory were at this time sown broadcast in the wheat. This
material contained several hundred chinch-bugs dead and covered
with Sporotrichum, and also many live bugs which had been thor-
oughly exj)osed to infection in the contagion boxes. Many fungiv-
orous mites were, however, distributed with this material, these
creatures having become so abundant in our laboratory cultures as to

compel the cleaning out and renewal of the culture boxes. Five or
six hundred other fungus-covered bugs obtained from Southern Illi-

nois fields and the contents of three culture pans and six fruit- jar

cultures were likewise distributed. Two days later several hundred
dead bugs covered with Sporotrichum and many living ones exposed
to infection were scattered broadcast in this field. A trace of rain
fell on the 9th and two thirds of an inch on the 12th, the weather
otherwise having been almost continually clear and usually very
warm, the maximum temperature ranging from 78° on the 5th to
98.5° on the 10th, the minimum from 42° to 74°, and the mean from
66° to 82°. No traces of fungus infection were detected in this field

on the 18th, even the artificial culture materials soon being denuded
of fungous growth. Chinch-bugs were quite abundant, mostly in the
first three molts, but none were found dead. The ground was only
slightly damp from the rain of the preceding day.

The next examination was made June 20, only .4 of an inch of rain
having falling in the interval. The ground was very dry to a depth
of two inches or more, and the wheat had begun to ripen. Bugs of
the hibernating generatiori were now probably all dead, and a few
adults of the new generation just emerged were seen among the
great numbers of young in the first three stages of development.
Very thorough examination was made of all parts of the field in

which infected material had been distributed, but no traces of dis-

ease were found among tlu^ bugs, nor any visible traces of fungus on
the old material sown. That this distributed fungus was absolutely
killed, if not destroyed, was shown by placing portions of the dried-

up corn meal found in the field in a moist chamber under conditions
favorable to the revival of the Sporotrichum culture. After four
days there was no occurrence of any such growth, only Penicillium
and two s])ecies of Sterigmatocystis appearing. It was evident at

this point not only that the distributions made had failed to convey
disease to the insects in the field, but also that the Sporotrichum itself

had completely perished, whether as a consequence of exposure
to heat and sun or devoured, in part at least, by fungus-eating mites,
it is not now possible to say. Later in the season, however, after
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considerable rains, portions of the original culture material were
found under the straw where this had been scattered upon the wheat,
with a good fresh growth of Sporotrichum, some of it profusely
fruiting. It would seem likely, consequently, that the exposure to

the sun of the material sown broadcast in the field had killed the
fungous growth and prevented the germination of the spores—an ex-

planation consistent with the results of laboratory experiments to be
rejiorted in another place. Although decidedly abundant in the field,

no chinch-bugs were found under straw and grass strewn upon the
wheat with a view to forming a suitable culture bed for the Sporo-
trichum infection. Neither was there in these places any fresh

growth of the Sporotrichum itself.

A quantity of additional material from the contagion boxes was
now distributed, consisting, as before, of dead and living bugs and
debris from the bottom of the box in which they had been kept.

On the 24:th. the weather .having in the meantime remained clear,

warm and dry. another large quantity of this contagion-box material
was distributed, being a third of the contents of each of two such
boxes two feet wide by three feet long. Bugs were now beginning
to leave the wheat, which was very dry and quite yellow, and to

enter the corn adjacent. Adults of the new generation were begin-
ning to pair, and they were also sparingly distributed throughout
the corn field generally, having evidently flown in from the wheat.
The field was harvested June 25. The bugs g/adually left this plot,

going in different directions to corn, oats, and sorghum, but linger-

ing also for a considerable time in the stubble, feeding uj^on the
grass-like weeds (Setaria). Towards the end of June the weather
became comi^aratively moist, a fourth of an inch of rain falling on
the 25th, a tenth on the 26th, five hundredths on the 29th, and 1.07

inches on the 30th—nearly an inch and a half on the last five days of

the month. The temperature during this interval fell oft' materially,

reaching 96 on the 25th, 84' on the 26th, the maximum then
dropping away gradually to 68^ on the 80th, when the mean daily
temperature fell from 73" on the 25th to 63 ' on the 30th. The en-
tire rainfall of the month, preceding the 25th had been but .7 of an
inch, and the maximum temperature had been above 90° on fourteen
out of the twenty-four days. A clear sky was recorded forty-five

times out of seventy-two observations made. The weather of this

period may consequently be described as very hot, dry, and bright.
June 28 a good many chinch-bugs were seen under the straw and
grass in the wheat stu})ble, evidently driven to shelter from the di-

rect rays of the sun. A large quantity of infection material from
our contagion boxes was scattered on this day among the chinch-
bugs in the oats adjoining the wheat, and the contents of three pans
of a corn-meal culture were distributed among the insects on the
sorghum adjoining, the bugs in both cases being those that had en-
tered these plots from the wheat. On the 2d of July, after the rain-
fall of the last of June, several dozen dead chinch-bugs were found
in the oats covered with a profuse fresh growth of muscardine fun-
gus. They were lying on the ground under a dense cluster of

grain broken down by the reaper, and also under other rubbish
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shelter in the field. This little appearance of muscardine was tem-
porary, however, and after a few more days of dry weather, on July 5
only a single specimen could be found after a half hour's careful search.

Even after a half inch of rain (July 7 and 8) less than a dozen
chinch-bugs covered with the muscardine fungus were found by a

search of about an hour on the ground under fallen grain or rubbish
which had kept the surface somewhat moist.

The bugs in the oats were again exposed July 9 to muscardine in-

fection, half the contents of a largo contagion box being scattered

among them. July 12 the other half, containing several hundred
victims of muscardine, was similarly distributed where the bugs were
most abundant in the oats field nearest the wheat stubble, No dead
bugs or traces of fungus were found in the field until July 17, two
days after the fall of two thirds of an inch of rain. At this time
two bugs dead and covered with Sporotrichum were observed under
rubbish on the surface of the ground where it was very wet. From
this until the 20th, when the next search was made, rain fell each

day, an inch and three quarters in all, but only half a dozen dead
bugs covered with muscardine fungus were found even then. The
remainder of the month was rather dry, except for a single shower
on the 27th, when about three quarters of an inch of rain fell. Oc-
casionally fungas-covered bugs were seen, but in numbers much too

small to liave the slightest appreciable effect upon the horde on these

premises.

August was extremely dry and very warm, no rain falling until the

26th of the month, and the maximum temperature ranging in the

meantime as high as 96° and 97°. Fifteen days of these first twent)^-

five give a record of 90° or more. During this period of drouth no
trace of the fungus was detected after careful and protracted search

of the experimental fields on August 2 and 15. Its presence in a

latent condition among these chinch-bugs was, however, shown by an
office experiment. August 3, 15, and 21, lots of adult bugs brought
in from this field and kept enclosed with damp earth and food

yielded each within a few days from two to several dead bugs, which
became covered with a profuse growth of Sporotrichum globuliferiim.

Nearly three inches of rain fell during the latter days of August,
after which a small number of young bugs were found dead in the

field enveloped witli a profuse growth of Sporotrichum globuliferum.

More than three inches of rain fell September 3 and 4, and an inch

and a half on the 16th of that month. The weather in the mean-
time was only moderately hot. reaching a temperature of 90° on only

three days of the sixteen.

September 4 a special effort was made to take advantage of the

recent heavy rains by introducing muscardine fungus at a selected

point in the corn where chinch-bugs were very numerous and where
the ground was moist. Corn was prostrate at the time, blown down
by the recent storm, and the stalks of several of these fallen hills

were brought together to form a thick covering over the wet surface

of the earth. Thoroughly ripened spores from an agar culture of

Sporotrichum globuliferum, but one remove from the insect, were
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carefully dusted behind the sheaths of the leaves, on the ground
among the chinch-bugs themseh-es, about the roots of the corn, etc.,

and the whole culture mass was then broken up and sprinkled among
the bugs. The examinations made September 8, 13. and 1^, yielded

only a few bugs in this situation dead with muscardine. On this

last date, however, many dead were found among the grass along the
sides of the corn and in the sorghum adjacent, a large proportion of

them covered with the fungus of white muscardine, especially on
the damp earth in the sorghum field, where it was estimated that one
such fungus-covered insect might be found on an average for every
six inches throughoiit the j)lot. Additional visits made September
23 and 30 gave practically identical results.

The general inference from this somewhat prolix account confirms
that often previously drawn, to the effect that hot, dry, bright weather,
such as here described, even with occasional showers and storms, will

not permit the development and spread of the so-called white mus-
cardine disease among chinch-bugs in the open field, whatever may
be the crop which they infest. The fact is to be especially noted
that adults of the hibernating generation perished during the period
covered by this narration, while the field infested by them was being
frequently and profusely treated with Sporotrichum cultures and
fungus-covered bugs, but that even these spent adults did not l)ecome
infected to anj' appreciable extent. On the other hand, there was
not during this whole season any weather so hot, bright, and dry as

to put a comj)lete stop to the continuance of the fungus in the field;

but it was always present in some obscure form at least, likely to in-

crease with change of conditions.

Inoculation of Dead Chinch-hiij/s trith Sporotrichiiiii.—By a

preliminary experiment tried on a small scale July 26, 1895. it was
ascertained that SporulricJuim f/Iobiiliferuui might be grown with
great success upon dead chinch-bugs if these were inoculated imme-
diately after death and kept under conditions suitable to the develop-
ment of the fungus. To carry this experiment still farther, a num-
ber of experiments were arranged in September, 1895. Upon moist-
ened sand in the bottom of four tumblers dead bugs were distributed
and covered with moist filter paper. In one of these dishes was
placed a lot of about five hundred and twenty chinch-bugs which had
been killed in vapor of cyanide of potassium and kept exposed con-
tinuously to this vapor for about twelve hours. In a second experi-

ment an equal number of chinch-bugs were placed in a tumbler
after al)out three hours' exposure to the vapor; in a third, after one
hour; and in a fourth, after ten minutes. In each case the bugs were
thoroughly dusted with spores from a ripe culture of Sporotrichum
one remove from an infected insect. In all these trials Sporotrichum
grew abundantly upon the dead insects, in one case every bug but
one of the entire lot being profusely covered with a fresh growth. A
few bugs revived after exposure to the cyanide in all the lots except
the first, nearly two thirds, in fact, of those exposed for ten minutes
recovering sufficiently to crawl about.

—7
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In an experiment made June IH, 189(), with chinch-bugs killed by
immersion in water heated nearly but not quite to the boiling point,

dead insects were placed in a box of earth in the open air, infected

with spores of Sporotrichum and slightly sprinkled with dirt. To pre-

vent the drying out of the box it was moistened daily, and the sur-

face of the earth was covered with a layer of green leaves. Within
four days the bodies of all the bugs used in this experiment were
completely covered with a good growth of Sporotrichum.

Burning in M^lnter Quarters.—It has been for many years

commoidy recommended by entomologists and economic writers, that

rul)bish. dead grass, and the like, along the borders of fields, be
l)urned over in late winter or early spring, as a means of destroying
in their winter quarters chinch-bugs and other injurious insects.

Doubt having been recently cast upon the efficacy of this method, I

directed in March, 1895, an experiment for the j)recise determina-
tion of the effect of such burning upon hibernating chinch-bugs on
the Experiment Station farm at Urbana. This experiment was re-

ported March 27, by the Assistant in cliarge of it. Mr. W. (t. John-
son, and his report is given herewith:

•'A small plot of orchard grass on the University farm, about two
rods wnde by four rods long, was carefully and thoroughly searched
for chinch-bugs to-day. The bugs were found very numerous in and
about the base of every stool of grass examined. Fourteen bugs were
counted in one stool and nineteen in another: l)ut these numbers are

only approximate and do not represent the whole number in any
cluster of grass, as it was exceedingly difficult to part the dense
bunches, especially in and about the roots, just at the surface of the
ground, where the bugs were most abundant.

The plot chosen was particularly favorable for experimental pur-

poses from the fact that the ground was thickl}' matted with a dense
growth of dead grass, which was extremely dry except at the bases

of the stools, where it was still green. The common blue-grass

was also a1)undant on the same plot, and this, together with the

orchard-grass, made a bed of dry brown blades and stems three and
four inches deep in places. The chinch-])ugs were nestled between
the stems of the stools of grass, usually just at the surface of the

ground ; but an occasional one was found an inch or so below the

surface, between the stems. Such places were not very damp and
were packed with small particles of dried l)lades and other rubl)ish;

while the main stems of the grass were green about two inches

above the surface, the tops having dried up and fallen over, deeply
iuibedding the green portions.

At one end of the plot a fire was started which burned l)riskly and
soon covered the entire area. In about fifteen minutes I carefully

examined the stools of grass at the end' where the fire was started,

and other places later. All the dead brown grass was burned of!',

leaving the ground bare, excejit where the clusters of orchard-grass
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were growing; in such places the chinch-bugs remained in their

hibernating quarters uninjured. When the green stubble was parted
the bugs scrambled out in all directions when left exposed to the

sun ror a few minutes. Not a single bug, so far as I could see. had
been injured by the tire.

Effect of Salt on the Hotcliing of Chinch-hugs' Egqs.—August 15,

1895, twenty chinch-bugs' eggs were placed in earth mixed with
twenty per cent, of salt and put in a covered glass for observation.

The surface was moistened with water and further sprinkled with
salt. A check experiment was arranged at the same time, similar

in every way except that the salt was omitted. The eggs began
hatching in three days in the experimental lot, and b}^ the 23d
were all hatched except one. The record for the check lot was
precisely the same.

Eff'ect of Burial in Earth on Hafchinf/ of Chinch-bugs' Eggs.—
Beginning August 5, 1895, ten lots of chinch-bugs' eggs, twenty-five

in each, were carefully buried in earth at dej^ths varying from one
sixteenth of an inch to four inches. An eleventh lot was similarly

treated but left upon the surface. The depths to which the various
lots were buried was as follows: one sixteenth of an inch, one
eighth, one fourth, three eighths, one half, five eighths, one inch,

two inches, three inches, and four inches. These lots were observed
from day to day and record made of the emergence of the young.
By August 24: all the check or surface lot had hatched; twenty-four
of those buried to a depth of one sixteenth of an inch; all placed
one eighth of an inch under the surface; twenty-three of those
buried a fourth of an inch; twenty-four of those at three eighths
inch; all at one half inch; twenty-tliree at five eighths of an inch;
twenty-three at one inch; and twenty in each of the three remain-
ing lots, buried respectively at two. three, and four inches depth.

If one may judge from this experiment there was some loss of

eggs—from twenty to twenty-five per cent.—^from burial at two
inches or more.

Precise Laboratori/ Experiments witJi Muscardinc Fungi on.

Chinch-hugs.—Notwithstanding the great amount of experimental
work done with the fungus of white muscardine, as applied to

chinch-bugs for their destruction, exact laboratory experiments kept
under close observation and carried on under perfectly uniform con-
ditions remained a desideratum, especially as a means of refuting
with authority the extravagant statements often made by careless or
inexpert observers. On this account experiments were begun at the
State Laboratory of Natural History in July, 1895. by Mr. B M.
Duggar, an Assistant engaged for the investigation of insect disease.

In the first of these experiments the chinch -bugs used were placed
in small covered glass jars half filled with moist sand and kept in a

moist condition. Those in the experimental lots were all wet with
water in which a large quantity of spores of the muscardine fungus
had been thoroughly mixed. To insure still further thorough in-

fection small pieces of an ordinary agar culture, one remove from the
dead insect, and bearing an abundance of muscardine spores, were
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placed in the jars with the bugs. In each experiment an equal
quantity of chinch-bugs derived from the same source as the experi-

mental lot was kept as a check under identical conditions except as

to the infection.

On July 2() about one hundred bugs were inoculated with mus-
cardine fungus (Sporotrichum) as above described. By the 29th
twenty-five of these bugs were dead, In one microscopically ex-

amined an internal fungus growth was detected, and in another, not
yet quite dead, similar fungus threads were seen in comparatively
small (|uantity. Both these observations indicated a successful in-

oculation. The remaining dead were transferred to another covered
dish, where they were kept on moist sand with a view to obtaining a

further development of any fungus by which they might have l)e-

come infected. -July 80, eleven more were dead. From a number of

chinch-bugs evidently diseased several slides were made which
showed that the germinating threads of the fungus were penetrating
the joints of the legs. July 31, seven more were dead, and one of

these, microscopically examined, contained fungus threads within
the body. On the 5th of August all the dead bugs removed from
this experimental lot exhibited a good growth of the white mus-
cardine fungus, with the exception of about six specimens. The
number of deaths in the check lot amounted at this time to twelve,

on none of which was there at this time any apparent growth of the

fungus of muscardine.

From this first experiment it appears that about three times as

many bugs had died where they had been infected with the spores of
the muscardine fungus as would have died if they had not been so

treated; and that six of these bugs in this lot, which had ceitainly

been thoroughly infected before death, did not grow the muscardine
fungus after death, even under the most favorable conditions it was
possible to supjDly. From this last observation it would seem that

chinch-bugs dying from natural causes other than parasitism by this

fungus are not at all certain to afford a suitable basis for the growth
of the fungus even though they may be thoroughly infected with the
spores at the time of their death.*

On April 9, 1896, two lots of chinch-bugs, from seventy-five to a

hundred each, which had been collected from their winter quarters

on the 25th of the i^receding month, and kept in confinement wnth a

sufficient supply of moisture and food, were separately placed in

glass dishes, one lot being well dusted with spores from a corn-meal
culture of the fungus, while the other was similarly treated, but
without inoculation, and ke^Dt as a check. It should be said that six

bugs had previously died in the lot from which these were taken, but
that no trace of muscardine had appeared among them. Neverthe-
less, six days after the experiment began one dead bug was seen in

the check covered with the muscardine fungus, and by April 22 about
an equal number were dead in the check and in the experimental lot.

* In this connection sec page 78.
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most of the latter, however, showing a growth of Sporotrichum, and
only two of the former. On the 29th, on the other hand, the num-
ber of fungus-covered bugs was approximately the same in the two
lots.

From this indeterminate experiment we must conclude either that

Sporotrichum was present in the original lot before division, or that

the check lot became accidentally infected at or near the beginning
of the experiment.

A third experiment with the white fungus (Sporotrichum) was
begun September 2, 1895, as a basis of comparison with a series of

experiments made at the same time in the application of several

other kinds of fungus parasites of insects obtained from Prof. A.
Giard, of Paris, France.

In this muscardine experiment a small pill-box of living chinch-
bugs (not counted) were treated as in the foregoing experiments, ex-

cept that infection was produced by shaking the l)ugs up thoroughly
with a quantity of dry spores of the muscardine fungus from an ar-

tificial culture one remove from the dead insect. Four days after

infection fifty bugs were dead from this lot; three days later, Sep-
tember 9, thirty-three additional dead were removed, and. finally, on
September 12, twelve more, making ninety-five in all within ten days
Transferred to moist sand, approximately half of them exhibited a

strong growth of Sporotrichum (jlohidifcrnni.

It has been for some time a favorite surmise of mine that native
American insects might be found more susceptible to European
fungus parasites of related species than to American parasitic fungi.

With a view to testing this supposition, nine European species of

parasitic fungi* known to infest insects in the Old World were ob-
tained,—all but one {Isaria deusa) from Prof. A. Giard, of Paris,

France,—and September 2 were brought into use in a series of ex-

periments arranged like those last described. Each parasitic species

was used in two experiments, observations on which were continued
for fifteen days. In each of these lots the number of bugs dying
was recorded, and these dead bugs were transferred to dishes of

moist sand with a view to obtaining if possible a post-mortem growth
of the parasite used in the infection. A detailed report on these
lots of specimens is rendered unnecessary by the fact that in no case
was such a growth obtained, unless possibly in two lots where Isarid
(iensa was used. In these a growth appeared upon some of the dead
bugs, which did not make sufficient progress to permit its determi-
nation. In all the other cases post-mortem fungi, if developed at all,

were either the fungus of white muscardine or non-parasitic kinds.

As an attempt at the introduction of European fungus j)arasites of

insects these experiments were, consequently, a failure.

Some incidental information of interest was obtained, however,
with regard to the effect of Sporotrichum globuliferum as applied to

* The fungi used in this experiment belonired to the following: species of Isai-ia: pachy-
tili, noUtoris, farinosa. cochyliera, arnanltH . oralisporn, d('stri(<-t(ir, dens<t . and one un-
known. Infections were induced by sliakiuir up the bugs with ;i small quantity of spores
direct from the original culture received from l-'rofessor (iiurd.
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one lot in comparison with tlie eighteen lots not so treated, which
may be regarded as checks upon it. In the lot dusted with spores
of Sporotrichum ninety-tive bugs died within the period of the ex-
periment, about half of which afterwards exhibited a strong growth
of the fungus, while the number of deaths in the eighteen compan-
ion lots ranged from ten to forty-eight, with an average of twenty-
six. This difference is rendered more significant if we note the fact

that Sporotrichum appeared to some extent in eight of the foregoing
checks, showing that some at least of the twenty-six bugs of the
above average had died under the influence of this fungus. If we
further notice that a large majority of the dead, bugs appearing in

these lots remained free from this fungus growth, notwithstanding
the fact that a part of them exhibited it. w^e shall have additional

evidence of the comparative rarity of the occurrence of Sporo-
trichum on dead chinch-bugs under natural conditions as a conse-
quence of post-moi'iem infection.
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AN ENTOMOLOGICAL TRAIN WRECKER.

{Odijiteriis fovfimiiudus Saussure. )

If the moHt experienced economic entomologist were asked to show
liow a single small insect might embarrass and even wreck a trans-

continental railroad train he would doubtless be obliged to admit
that the problem was beyond his knowledge and ingenuity, and it

speaks highly for the powers of observation and adaptation exhibited

by the solitary wasps that these remarkable insects should have ap-

propriated to their purposes the one minute point in the anatomy of

a freight train through which its destruction can be brought about
by so insignificant a cause. This point is the opening for the escape

of air from the retaining valve of the automatic brake the use of

which on all freight trains is now required by national law. If this

small opening is plugged, it is impossible for the engineer to release

the brakes on a car when once applied: and the effect of this failure

to release one or more brakes on a long freight train is not always
noticeable to the engineer until, perhaps, the braked wheels become
overheated and burst, or are flattened by sliding along the track, with
results destructive to the safety of the train.

It so happens that this little opening in the solid iron leading into

the cavity of the valve is j)recisely to the liking of certain of the

solitary wasps in search of places in which to build their mud nests

and lay their eggs; and it is not an uncommon occurrence on the

Great Plains for a brake valve to be plugged by these insects with an
air-tight packing of mud, with consequences which greatly overtax

the entomological knowledge of the j)uzzled brakeman in search of

the cause of the difficulty with tlie brake.

My attention was first called to this curious entomological relation-

ship in September. 18V)(i. by a letter from Mr. G. W. Rhodes, Super-
intendent of Motive Power, of the Chicago. Burlington, and Quincy
Railroad Company, of which tlie following is the essential part:

"A carious difficulty lias arisen on some of our cars which are

e([uipped with the air brake. You are doubtless aware that the law
requires that after 1SV)8 sufficient cars in each train in interstate

business must be equipped with automatic brakes to control the

speed of the train. The point that I refer to and wish to call atten-

tion to is that an insect has been making its nest and depositing its

eggs in the air-opening in the retaining valve. The nest is composed
of some sort of earth and completely stops up the air passage. That
you may understand how serious this is. I enclose a cut of the re-
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tainiiig; valve, and for the present purpose all that is necessary for

you to understand is that if the openin.u,' is closed up, the brakes on
the car so atliicted cannot be drawn off. The result is that if the

train is in motion the brakes will remain applied, increasing very
materially the coal consumption until released, and in case of the

rail being slippery and oily probably sliding the wheels and there-

fore making the equipment liable to accidents and wrecks incident

to having flat spots on wheels. I was told some eight or nine months
ago that this trouble was one of frequent occurrence."

In a later letter Superintendent Rhodes reports that more retain-

ing valves are found stopped up by wasps in cars coming from the

Union Pacific Railroad than from any other point. In an illustrated

article* on the subject, published after considerable correspondence
with me, Mr. Rhodes gives full details of the construction of these

valves and of the nature and consequences of the difficulty described.

On examination of the contents of six of the plugged valves kindly

sent me by Mr. Rhodes, remains were found of caterpillars which
had evidently been stored there by the wasps as food for their young,
and in one such valve was an entire specimen of a common and
widely distributed species of solitarj^ wasp iOdynerus fornmiiiatus
Saussure )

.

The habits of these wasps are well known to entomologists, and
indeed the selection of a somewhat similar nesting place by a species

of this genus has been reported by Professor Comstock, of Cornell

University, in his "Manual for the Study of Insects," p. 659. "One
year these wasps plastered up many of the keyholes in our house, in-

cluding those in the bureaus, thus constructing for us locks .that re-

quired a good deal of time and industry on our part to oi3en."

Having prepared the selected cavity for htr purpose by plastering

and shaping it with mud. the mother wasp brings into it a number of

small caterpillars which she has partially paralyzed by stinging them,
and stores them there as living food for her young. She then lays

an egg in the cavity, closes it with a plug of mud for the protection of

the larval wasp presently to appear and to enjoy in due time the re-

sources thus carefully provided for it.

The details of this history have never been reported for this partic-

ular species of wasps, but they may be illustrated, no doubt, by an
account given by J. H. Fabre, in his Souvenirs Enfomologiques, of

the methods of a related species, Odynerus reniforniis Latr., which
may be thus summarized:

From the roof of the cavity containing her paralyzed prey the

mother spins a fine, thread-like spider web. at the end of which she

suspends an egg. The young larva presently, breaks through the

envelope of the egg, which it is careful not to leave, its weight
stretching the calile by which the egg is suspended, so that by reach-

ing downward it may get at the first caterpillar of the series placed

at its disposal. On being attacked, the caterpillar wriggles and

* "The Air Brake Encounters a New Enemy,'" Proc. Western Railway Club, January,
1897. pp. 218-22<t.
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writhes in a way to endanger the delicate larva, which recoils until

its prey regains its composure, when it renews the attack, persever-

ing until the helpless victim succumbs to repeated wounds and is

finally devoured. The second caterpillar of the series is then at-

tacked in the same way, and so on with each in turn, until the larval

wasp gains a size and strength that enables it to abandon its sus-

pended cable and make its attack on foot. The quantity of food
originally stored for it is nicely regulated to its needs, being neither

too much nor too little for its growth and development. When ten
or twelve days old it is prepared for its change to the pupa state, in

which condition it remains encysted within its cell for several months.
At the end of this pupal period it transforms, of course, to the adult,

gnaws its way out of the cell, and escapes.

The prevention of this interference with the air brake b)^ solitary

wasps would seem to be a matter of no great difficulty. Commenting
upon my suggestion that access to the interior of the valve be prevented
by making the passageway with an angular or spiral turn, or by
making the air opening in the form of a narrow slit instead of a

circle. Superintendent Rhodes says: "The best suggestion has come
from Mr. Forbes, and is contained in his letter of October 26th. An
angular opening or one with slits like a grating would be quite prac-
ticable. We trust the suggestion will be immediately acted on by all

manufacturers of retaining valves for air-brake purposes. One other
change in application should be observed. Owing^to the construc-
tion of the retaining valves, as made up to the present time, the open-
ing must necessarily be placed facing the side of the car. This adds
to the difficulty of cleaning out the obstruction, even should the
stoppage be discovered. There is no reason why this should not be
placed so that it can be opened up with a wire or some other sharp-
pointed instrument. With these remedies generally known and ap-
plied, it is believed future encounters with our new enemy will result

in signal victories for the air brake."
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NOTE ON A NEW DISEASE OF THE ARMY WORM.
iLciicdiiid uuipunvtd Hawokth.i

A minor ontbrrak of the army worm in the vicinity of Champaign
whicli oc-curred in May, 1896, was brought to an extraordinary ter-

mination by the appearance of a fatal disorder of a kind not hitherto
observed in this species. While my observations were limited to the
Experiment Station farm and its immediate vicinity, the widespreafl

occurrence of this disease throughout Central Illinois was shown ))y

letters anid specimens sent me by several corresponder.ts at about this

time.

So far as known, destructive outbre; ks of this insect have heretp-

fore been brought to a conclusion mainly by insect parasites, which
multiply so rapidly among the concentrated hordes of the army worm
that they are almost certain to reduce the species to insigniticance

before another generation can take the field. In this Champaign count j'

case, however, deaths by insect parasitism were insignificant in num-
ber compared with those due to the new disease—a fact which I ascer-

tained by keeping under observation in breeding-cages, with an
abundant sujjply of food, large numbers of army worms collected at

random.

Attention was first called to this disease by the occurrence of many
dead or disabled arrijy worms fastened to the upper part of standing
stalks of blue grass, to wdiich they commonly clung b)' theil* false

legs or sometimes by their entire length. These were in various
stages of degeneration, some of them still living, and merely torpid

when disturbed, and others dead and dried away to shriveled rem-
nants of the emj3ty skin. Looking across an infested field of grass

hundreds of caterpillars exposed in this manner might be seen at

once, and search on the groundamongthegrassblades would disclose

a great many more. Of those brought in from the field and confined
in boxes or cages for observation scarcely oi;e survived to complete
its transformations.

The bodies of the insects were always blackened when very se-

riously affected, and at death would rapidly soften, the whole interior

becoming finally converted into a thick broth or gruel of a dirty

cream color or a grayish white. The disease usually began at the
hinder end of the body and moved gradually forward, the last seg-

ments l)oing sometimes dead, blackened, and almost rotten while the
anterior parts were so far alive that the caterpillar could crawl slug-

gisldy about when disturbed. The bodies did not, however, soften
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so rapidly under the intiuence of this disease as in mere decay, their

firmness being rather between that of the cabbage worm when dead
with its characteristic disease—the so-called white plague—and that

of caterpillars infested by fungus parasites which give origin to the

diseases known as niuscardines.

Microscopic examination of recently dead or dying caterpillars

showed that these were little more than a mere gruel of minute,
slightly angular, highly refracting particles, varying in size, but with
an average diameter of 2.7 microns. In less degenerate parts of the

bodj- these particles were massed in more or less spherical bodies,

cell-like in form, and either floating free in the fluids or collected in

large clusters of such cells. Comparison with the fatty bodies of the
insect showed that the spherical bodies were detached cells of that

tissue, and that nearly the whole substance of this organ was practi-

cally converted into these minute peculiar granules. Each cell in

such a diseased tissue was an opaque collection of the dark spherical

granules, sometimes surrounded by a more or less continuous layer

of ordinary oil globules. This degeneration of the fatty bodies was
in fact the most marked peculiarity of the disease, a point in which
it agrees with the so-called "yellows" or jaundice of the silkworm as

described by me in 1886.* The cells of the Malpighian tubules were
similarly degenerated.

Besides these various products of degeneration derived from the

fatty bodies, the fluids of the diseased caterpillars contained three
other classes of cellular elements in sufficient abundance to make
them worthy of notice. Normal blood corpuscles Avere still recog-
nizable in caterpillars not too far gone with disease. They were com-
monly rather few in number and spherical in form, with a great num-
ber of minute hair-like pseudopods.

Mingled with these, and in badly diseased specimens much more
abundant, was a class of amceboid cells distinguishable at a glance
from normal blood corpuscles, but, nevertheless, possibly derived from
them, their peculiar condition being perhaps the result of changes
induced by disease. These were pale protoplasmic cells without dis-

tinguishable wall, with very little distinction of ectoplasm and en-
doplasm, and commonly with two or three pseudopods, or very rarely

with more, usually thick at their origin and tapering to an acute
point. Sometimes as many as twenty of these bodies were seen in a

single field of the microscope, with a power of five hundred diame-
ters, in a slide made from the blood. Occasionally one was seen with
a distinct nucleus, but rarely so without special preparation. The
protoplasm was homogeneous though very finely granular, even the
finest pseudopods being commonly granular as far as they could be
distinctly traced. Vacuoles of any sort were rarely seen, althougli

occasionally one or two small pale circular areas were discoverable
within the cytoplasm. The cell was commonly more or less definitely

spindle-shaped, with a thick median portion, and the spindle was
often bent to one side, sometimes so much as to give the cell a semi-
circular form, the pseudopods starting from the angles of the semi-

* Bull. 111. State Lab. Nat. Hist, Vol. II.. Art. IV.. p. 280.
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circle. If a third pseudopod occurred it commonly started from some
part of the more convex surface, and was then usually shorter and
smaller than the other pseudopods. Occasionally, however, a speci-
men was seen in which this third pseudopod started from one side of
an ordinary fusiform body or from the shorter side of a curved indi-
vidual. Not infrequently when a third pseudopod was present it

was of about the same size as the others, the cell having then a tri-

angular form, with an acute slender pseudopod from each angle. The
highly refracting granules already mentioned as mainly tlerived from
the fatty bodies, and with which the blood of diseased army worms
was loaded, were very rarely seen imbedded in the substance of these
amceboid cells.

The third variety of free colls in the fluids of the army worm were
protoplasmic bodies showing more or less conspicuously a coarse seg-
mentation within, the segments varying in size in different individ-
uals and likewise in definiteness and distinctness. These cells always
contained apparent nuclei, and the segments were sometimes arranged
in a circular manner around a common center, giving a rosette-like
appearance to the cell. Some of these segmented protoplasmic bodies
were spherical, others oval, others oblong, and others almost linear,

with rounded ends. None were seen with acute extremities. I could
not trace these to any organ or tissue in the body, and their persist-

ence in the fluids of dead insects far on the way to disorganization,
together with their general appearance, suggested a parasitic charac-
ter.

With these merely descriptive notes I was obliged to content
myself, not being able under the conditions existing even to deter-
mine the contagious character of the disease, much less clearly to

recognize its cause. Its universal prevalence among army worms at

the time, of course made it impossible to obtain material of that spe-
cies for infection experiments. A similar condition of things was
found, however, in a miscellaneous lot of cutworms collected June 10
for experimental use. From sluggish larv;o, motionless except when
irritated, segmented cells like those last described above were ob-
tained in great numbers from the blood by snipping ofl' a i)roleg and
touching a cover-glass to the exuding fluid. In these cutworms, how-
ever, such cells were commonly oval, sometimes approximating a

spherical form. They were very abundant in the fatty bodies, as

were also dark granules reminding one of the peculiar granules of
the diseased army worms but much larger than these and oval in

form, like the corpuscles of pebrine. These oval, segmented cells

varied in transverse diameter from eight to twelve microns, the usual
diameter being nine and five tenths. Their length varied from 10.8

to 14.85 microns, the average of those measured being about fifteen.

The importance of this disease as a check upon the multiplication
of the army worm is shown by the fact that although the very moder-
ate outbreak reported was that of the first generation of the year,

there was no appearance whatever of any considerable number of
army worms of the second generation, either at (^hampaign or in any
other locality from which this disease was reported to us. It is be-
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cause of this economic importance of the subject that I have thought
it worth while to place on record the imj^erfect data here given, in
the hope that they may call attention in future to phenomena
of this class, and that they may serve as a means for the early identi-
fication of this disease in some case where experimental tests-

and economic apjilications may perhaps be practicable.
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EXPLANATION OF PLATES.^

Plate I.

Map of Illinois, showing known distribution of San Jose Scale in

Illinois (October. 1897 ). Red dots indicate infested localities (See

p. 8).

Plate II.

f

Fig. 1. Appearance of San Jose Scale on bark: a, infested twig,

natural size; h, bark as it appears under hand lens, show-
ing scales in various stages of development and young
larvie.

F'ig. 2. San Jose Scale: «, pear, moderately infested—natural size;

6, female scale—enlarged. (Sec pp. 2 and 15.)

Plate IILJ

Fig. 1. San Jose Scale, adult female, before development of eggs:

a, ventral view, showing very long sucking setae; 6, pos-

terior extremity, showing characteristic ornamentation of

edge. Greatly enlarged.

Fig. 2. Young larva and developing scale: a. ventral view of larva,

showing sucking beak with set;e separated, with enlarged

tarsal claw at right; />, dorsal view of same, somewhat con-

tracted, with the first waxy filaments appearing; c, dorsal

and lateral views of same, still more contracted, illustrat-

ing further development of wax secretion; d, later stage

of same, dorsal and lateral views, showing matting of wax
secretions and first form of young scale. All greatly en-

larged.

* PI. v.. PI. VL, Fig. 2, PI. VII.. and Pis. VIII. to X. are from dniwings made by Miss
Lydia M. Hart, artist to the iState Laboratory; PI. VI., Fig. 1. is from a photograph.

t From Bull. No. 3. N. S., and from Circular No. 3, U. S. Dept. Agr., Div. of Ent.

-t From Bull. No. 3, N. S., U. S. Dept. Agr.
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Plate IV.*

Fig. 1. San Jose Scale, adult male. Greatly enlarged.

Fig. 2. Development of male insect: a, ventral view of larva after

first molt; b, same, after second molt (pro-ptipa stage) ; c

and (/, true pupa, ventral and dorsal views. All greatly
enlarged.

Plate V.

Middle portion of alimentary canal of Chinch-bug, showing closed
tubular appendages (c(eca) which always contain bacteria (see p.

57): a, posterior end of second stomach; b. third stomach; c, c, c,

etc., eight ccecal appendages, which contain bacteria; d, tubular in-

testine behind cceca; e, enlargement of intestine into which Mal-
pighian tubules open; /, /, etc., cut ends of Malpighian tubules; g,
cut end of rectum. Prepared by S. A. Forbes.

Plate VI.

Fig. 1. Growth of white muscardine fungus (Sporotrichum) on
chinch-bug infected at death. (See p. 97.)

Fig. 2. Retaining valve of automatic air-brake showing air-vent
plugged with mud by Solitary Wasp, Odynerns forami-

Plate VII.

Fig. 1. Air-brake valve broken to show mud plugs made by Solitary
Wasp. (See p. 104.)

Fig. 2. Solitary Wasp, Odyjieriis foramincdus, bred from plugged
valve of air-brake. (See p. 104.) ^

Plate VIII.

Fig. 1. Part of fatty body of diseased Army Worm. (See p. 107.)

Fig. 2. Single cell from slightly affected part of fatty body of Fig. 1.

Fig. 3. Single cell of greatly affected part of fatty body of Fig. 1.

Fig. 4. Epithelial cells of Malpighian tubule of same Army Worm.
(Seep. 107.)

Fig. 5. Cluster of characteristic granules of disease. (See p. 107.)

Fig. 6. Blood corpuscle of diseased Army Worm, containing charac-
teristic granules. (See p. 107.)

Fig. 7. Nucleated arad^boid cell, containing dark granules; proba-
bly a blood corpuscle.

* From Bull. Xo. 3, N. S.. V. S. Dept. Aarr.. Div. Ent.
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Fig. 8, 9. Granules in naked cells of doubtful origin, possibly dead
blood corpuscles.

Fig. 10. Fusiform amcBboid cell with blunt ends. (See p. 107.)

Fig. 11. Fusiform am(»boid cell with acute pseudopods and a few
with dark granules.

Plate IX.

Fig. 1. Various forms of amceboid cells, with acute pseudopods.
From blood of diseased Army Worm. (See p. 107.)

Fig. 2. Amceboid cell with three pseudopods and large nucleus.

Fig. 3. Segmented cell from blood, three-cell stage; in outline. (See
p. loa)

Fig. 4. Segmented cell from blood, four-cell stage; in outline.

Fig. 5. Segmented cell showing continued proliferation. Segments
swollen by water.

Fig. 6. Segmented cell in optical section.

Fig. 7. Segmented cell with segments separated by pressure.

Plate X.

Fig. 1. Segmented cell from blood of diseased Army Worm; two-cell

stage. (See p. 108.)

Fig. 2. Segmented cell, four-cell stage.

Fig. 8. Segmented cell showing nucleoid center.

Fig. 4, 5, 6. Different forms and stages of cells of same class as 3.

Fig. 7. Disintegrating segmented cell.

Fig. 8. Detached cell of doubtful origin from blood of diseased
Army Worm.





Plate I,

Localities Infested.— 1, Monroe Center. 2, Tremont. 3, Quincv. 4, Paloma.
5, New City. 0, Anburn. 7, Tower Hill. S.Ernst. <J, ('ollinsville. 10, Masoontah.
Jl, Richview. 12, West Salem. YS, Mt. CarmeL 14, Sparta. 1.'). Villa Kid-re.
Hi, Farm near Sandford, Ind. 17, Herriek. 18, Vermilion.
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Plate VI.
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Fig. 1.
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THE WHITE PINE CHERMES.*

(Cliermes pinicorticis Fitch.)

BY E. L. STORMENT.

The University of Illinois possesses a small grove of white i^ines

on the eastern side of its Experiment Station farm, the average size

of the trees being about six inches in thickness and thirty feet in

height. For several years the trunks and larger limbs of the trees

in this grove have been badly infested by this white pine plant-louse,

and the trunks in many instances appear as if freshly whitewashed,
so thickly is the woolly excretion of the Chcrmes spread over the

bark. The damage the insects have been able to inflict is difficult to

estimate v/ith accuracy, but there is no doubt that it is considerable.

It is evident in the shortened leaves and the small annual growth of

the tips of the branches—on the whole quite sufficient to demonstrate
that the louse is of economic importance to such as appreciate the

white pine as an ornamental tree.

TREES ATTACKED BY THE ('HERMES.

Ill order that those interested may be sure of their "diagnosis," it

may be well to give here some details of the a^jpearance of trees in-

fested by this plant-louse. So far as known at present, the insect re-

stricts its attack to the white, Scotch, and Austrian pines, and my
own observations indicate that the white pine is very much preferred.

On the Experiment Station farm, growing side by side with the white
pines above mentioned, is a grove of Scotch pines of about the same
area. These trees show no evidence whatever of injury, though the
C/irrmei^ is found plentifully on the white pines immediately adjoin-

ing. It is also noteworthy that the original description of the insect

was made by Dr. Fitch from specimens taken from a white pine.

Reports by other observers also indicate this preference—probably
due to the fact that the white pine has a smooth, rather tender bark,

hicking the rough outer bark found in the Scotch pine. There is,

however, no doubt that under certain conditions this species does at-

tack the Scotch pine, the observations establishing this fact being-

made by Professor Herbert Osborn, at Ames, Iowa. Its attack upon
the Austrian pine is vouched for by the same authority.

* This paper, kimily placed at luy disposal by the writer, is the product of special studies
made by him while a student in eatomologry at the University of Hliaois.—S. A. Fokrks.



IV

As I have observed the insect at work upon the white pine only,

the descriptions that follow are correspondingly limited, except when
they may be c^uoted from some other observer. In the case of the

white pine, if the attack be l)ad the trunk of the tree is covered

with a white woolly substance, excreted from numerous pores scat-

tered over the body of the insect. When the attack is just begin-

ning, the white patches of wool appear so similar to the hardened

gum that has escaped from wounds on the tree as to deceive a care-

less observer. If the insects are not so numerous as to cover the

bark, this resemblance to scattered drops of resin is perfect when
viewed at a distance of three or four feet. Examined with a lens,

the woolly mass is seen to be filamentous and "crinkly," much as

true wool" appears. When touched it is found to be sticky and to

stain tlie skin dark. Water does not dissolve it; ether does, but not

readily. The distribution of the "wool" on the tree, since it accords

with the distribution of the insect, is worth noting. To some extent

it is found on all parts of the trunk and branches, but is usually

more abundant on the northern exposure of the trunk, around the

bases of the limbs, beneath the limbs, and just at the bases of the

leaves. No experiments were made by me to determine the causes

of this distribution, but the tendency to seek the under side of the

limbs and their bases indicates a desire to escape the sunlight. The
upper side of a limb is usually entirely free from the insects, except

just at its base,- and even on the lower side the area of attack does

not extend beyond the point where the limbs taper to about one half

or three quarters of an inch. This leaves from two to four feet of

the ends of the branches free from the insects except the small area

oi new growth about the bases of the leaves.

GENERAL DESCRirTION OF THE INSECT, ITS FEEDING HABITS, AND
ITS CLASSIFICATION.

During the winter months the wingless female may be seen under

the "wool," sometimes alone, as noted by Professor Osborn, but more
often in the company of several others, as stated by Dr. Fitch.

These females may or may not be fixed by their long sucking beaks

to the bark, according to the time the observation is made. If in

the spring, the beak will be found inserted. About the middle of

April the female is usually surrounded by a mass of yellowish or

brownish eggs. The insect itself is quite small (0.51 mm.) and
dark in cohor, the head and thorax varying from brown to black

and the abdomen being yellowish, shading to brown on the seg-

ments next the thorax. The form is depressed or spherical, in

either case approaching a circular outline when viewed dorsally.

When in its natural position on the bark there may be some diffi-

culty in distinguishing the insect. Dr. Fitch said it was invisibU-

with the naked eye, but when free in the white wool, or when placed

on a piece of white paper, it may be easily seen. During this jjeriod

of its life history the power of locomotion is very slight. When
placed upon its back, the insect is quite as unable to right itself as

a tortoise in the same position wcnild be. and for the same reason

—



the shortness of the legs. The young larval forms, appearing during
the latter part of April and the first days of May, move easily and
with considerable rapidity.

In its zoological relations, the insect belongs to the order Hemip-
tera, family Aphniida- (plant-lice) . It is peculiar to North America,
so far as known. The insects of this order are easily recognized by
their sucking beak, and it is by this beak that C. iiinicorticis causes
injury to the pine. After a short period of active movement imme-
diately following the time of hatching, the young larvte insert their
beaks into the bark, and begin sucking the sap of the tree. As there
are immense numbers of the larvje the effect is soon noticeable in
a marked^retardation of the growth of the tree, and sometimes in its
death. Their presence causes a lessened yearly growth, both in
diameter and height: the leaves are thinner and shorter, often tinged
with yellow, and the limbs are more slender than is natural. To
these results, particularly bad in an ornamental tree, must be added
the disagreeable appearance of the sticky white secretion, which
stains whatever it touches. Finally, when' the injury is at its worst
the lower limbs die and fall away, leaving unsightly scars, and ex-
hibiting in all its ugliness the spotted, striped, diseased trunk,
capped with a small and sickly crown of branches at its top. When
an ornamental tree has reached this condition its death is as certain
as it is desirable.

ECONOMIC IMPORTANCE AND GEOGRAPHICAL DISTRIBI:TI0N.

Tnder ordinary conditions it is not probable that this Chermes is
able to kill the tree outright. There are a number of insects (some
of which are mentioned further on in this paper) that find the
Chermes quite as good food as the Chermes does the pine. Usually
these enemies, taken in connection with climatic checks, prevent an
attack from being absolutely fatal, but seldom or never can do more.
In the grove referred to the injury has been continuous for several
years and the appearance of the trees presages their final destruction.
A few trees separate from the grove show a much less virulent attack,
but the injury is still quite apparent. In general the Chermes seems
to be able to maintain itself against its enemies, and to take full
advantage of any favoring circumstances which may disturb for a
time the ''balance of power" in its life relations. The rapid multi-
plication of plant-lice—most of which, as is well known, produce
.several or many generations during the season—enables them to take
immediate advantage of any cessation or weakening of opposition on
the part of tlieir natural enemies, however slight it may be. This
peculiarity may at any time elevate Chermes pinicorticis from the
rather subordinate position it now occupies economically to one of
prime importance to those who possess or admire any of the species
of pine which it attacks.

The latter consideration makes its geographical distribution a
matter of interest. Presumably the original description by Dr.
Fitch was made from specimens taken in New York, and his state-
ments indicate that the attack was severe. Dr. Shinier reported it
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from Mt. Carroll, Illinois; Dr. Lintnor, from Albany and Tivoli, New
York; Professor Osborn, from Ames and Ft. Dodge, Iowa: Dr. S. A.

Forbes, from ( -hami^aign, Illinois, and Prof. W. G. Johnson, observed
it at Hamilton and at Normal, Illinois—in the former locality not nu-
merons, in the latter plentiful. Other localities reported ^rom Iowa
are Iowa (vity and Muscatine, the observers being, respectively,

Mr. Lathrop and Mr. Foster. The attack at Ft. Dodge was a severe

one. Doubtless this plant-louse is much more thoroughly distributed

than these reports indicate, for it is not probable that it would ap-

pear in states so widely separated as New York and Illinois and be
absent from the intervening territory.*' It is noticeable that the

places reported are all in the zone of deciduous trees. If further

reports should similarly circumscribe its distribution, it would in-

dicate another host plant. More information in regard to the dis-

tribution would be of much value.

NATURAL ENEMIES OF THE (HERMES.

The natural enemies of Chermes are numerous and active. Those
coming imder my own observation are as follows: An unknown
species of Sijvphux: Cln-ysop(( roherfsoni Fitch, and an unknown
species of the same ^enna: HeiHcrobijis altcrnniis Fitch: Leiico})is

simple.r Loew: Chilorovus hiviiliienis Muls: and MeijilUi )iici<'iiJ(if(i

DeG.

Of these, all but the last two were plentiful, the /S/yry>^/^^^ Cln'ijsopd,

and Hcntcrobius larvae being especially destructive. Regarding the

Leucopis there still remains a shade of doubt, owing to the fact that

I did not succeed in observing it actually destroying the CJirrmes;
but the circumstantial evidence points strongly to the conclusion
that it does. The ladybirds were not at all plentiful although ob-

served in t^uite large numbers at a distance of half a mile from
the grove busily feeding on the pine scale Cliiouaspis piiiifolio'. Just
at the time my observations ceased the ladybird larv;v began to in-

crease in the grove, but were still far from plentiful.

I was unable to rear the Sijrphus larva to maturity and am therefore

ignorant of the species. It may be known in this c;onnection. how-
ever, by its elongate, wedge-shaped form: by its size—about one
half inch in length; by its habit of marking itself with the woolly
excretion of the Cho'Dtes. and by the absence of feet. In addition to

these means of identification, there are two movements which are

quite characteristic. \n locomotion the body is extended, the an-

terior end (armed with very small jaws) is pressed against the sur-

face on which it is traveling and to which it adheres by means of a

sticky secretion, while a muscular retraction of the mouth and a

small area immediately surrounding it forms a sucking disc by
which the larva remains attached whih^ the posterior end is brought

*Since the above was written I have received a letter from I'rofessor .Joliusou confiriiiintr
this opinion as to its distribution. Professor Johnson says: "It may interest you to know-
that the same plant-louse is not an uncommon thinsr in Maryland and the District of Co-
lumbia. I saw it also on pines on the campus of Cornell University, Ithaca, N. Y."
At about the same time that Professor Johnson reported its presence at these places I ob-

served several trees near Ticona, 111. (La Salle Co.) which were badly infested, and noticed
signs of its presence in Putnam Co., nine miles southwest of Ticona.
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forward and fastened in its turn. The other charac-teristic motion is

due to the fact that the larva is blind. When feeding, after the

posterior end has been attached in the manner described, with this

as a center and point of support, the anterior, or oral, extremit}^

moves through an arc of about 120\ touching the surface on which
the larva rests several times while so moving. If during this move-
ment it should happen to touch anj' living thing the small jaws
fasten upon it and the fluids of its bod 3' are extracted by the sucking
process described above.

So far as observed SyrpJnis ]arv;f' are not choice regarding their

food, attacking with absolute impartiality all soft-bodied insects that

are unfortunate enough to fall in their way, including even their

own kind. Although Sijrp}iu>^ larvte were so plentiful in the cages
and on the trees, I did not succeed in getting them to pupate in the
former and observed but two puparia on the latter. One of these

was lost, and from the other emerged ten specimens of the parasite

Sijrphoctonus pleuvdlis. ParJiunciifon soiiiaui-dtiis Ashm. emerged
from a jar in which several specimens of Sijrphiis had been placed.

The two Chri/sopa larv;e may be known by their long curved jaws,

spindle-shaped body, about one-half inch long when grown, free from
the woolly excretion of the Chrrmcs, and without the ijeculiar move-
ments of the Syrjihiis larvjie. I^sually there are some yellowish mark-
ings on the side of the full grown larvae. They will be found bur-
rowing under the "wool.''

The larva of Hcuwrohiiis dUernans (PI. II, Fig. 7) may be
known by its close general resemblance to that of Chrysopa, differ-

ing, however, in having spines on the back. These spines, or hairs,

becoming entangled in the woolly excretion of the Cheriiies form so

effectual a mask that the larva is often not apparent to a trained eye
until it moves, and is doubtless concealed when at rest, from eyes
more directly interested in its discovery than are those of man. In
the vigor of its attack on the CherDies it is second to neither Cliri/-

sopa nor SijrpJuis.

An indication of the presence of the SijrpJtii^i, Chr/jsopa. or Hciii-

evohius larvte is a change in the appearance of the ''wool." Early in

the spring it lies close to the bark, and is compact in texture; but
since all these larvie burrow in it in search of the CItermcs. soon
after their advent it becomes loose and hangs in tangled masses.

The eggs of none of these natural enemies were obtained except
those of Chrysopido'. These were found in abundance on the bark
of the trees and on dead leaves adhering to the bark. They may be
easily recognized, each egg being borne on a stalk, both egg and
stalk being white.

When the trees were first examined (March '.>0) , scattered thickly

through the "wool" were found many empty puparia about one tenth
inch in length and of a light grayish color. Later in the season
these were ascertained to belong to a small Hy. Leucopis simpler.
Loew. These flies were by far the most numerous of all insects

observed to sustain any close biological relationship to the Clwriiics.
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As stated nl)<)vt\ the evidence that the Leucopis preys upon the Oher-
nics is circumstantial. The larvje are found under the "wool," being
very seldom seen without removing the latter. This may be done
with a penknife, and at the times of the year hereafter given* a

careful search will almost certainly reveal several of these minute
maggots, of a bright red color, so small that it is necessary to mag-
nify them to make observations at all satisfactory. They have little

power of locomotion and usually die soon after being removed from
the "wool."" The puparium is found in most cases on the upper sur-

face of the ••wool," is light red at first, passing through dark red to

dusky, and becoming grayish when the fly emerges.

The adult ladybirds are so well known to all as to need no descrip-

tion further than to give the distinguishing marks of the two species

named above. These descriptions are adapted from the Sixth Report
of the State Entomologist of Illinois, by Dr. Cyrus Thomas, in which
Mcf/iUd nuiciikita is characterized as follows:

Body somewhat elongated, thorax much narrower than wing cases,

ground color ])ink or reddish yellow, two black spots on the thorax
and ten on the wing cases, four on each case and two on the suture;

length one fourth to three tenths of an inch,

Cliilocorns hii-tili)erns is somewhat smaller, about one-fifth of an
inch in length, almost perfectly hemispherical in form, of a deep
polished black color, with a single blood-red spot on each wing cover.

The larv;e are not so likely to be recognized by those interested as

are the adults. "'They are rather short and somewhat thickened
grubs, with numerous prickles or spines, not in a single row along
the sides but in several rows. They are sometimes gaily colored,

but usually rather dull.'"

Tliere are other insects which have been ascertained or suspected
by other observers to attack the Cliermes, which have not been cer-

tainly noticed in the University grove. Professor Osborn observed a

mite belonging to the genus Oribates which was probably feeding on
the Cliernics, describing it as "jet black, hard and shiny, and almost
globular in form:" and he thinks there is a strong probability that

the mite .l.s'cc/r//.s' 7/?«/n.s (a natural enemy of the oyster-shell bark
louse of the apple), which he placed upon a pine began to feed
upon the Clicniics. Dr. Shinier names in this connection Scym-
niis frvDiincifiis Say; an unknown species oi Scymnus, the latter para-
sitized by a chalcid tiy which he named Eutelus? scyrmiCBj and Smi-
Ji(( )iiis('ll<i Zinim. Professor C. V. Riley refers {5th Annual Rep.,

p. 1(X)) to "'the larva^ of certain small ladybirds" as attacking the
Chennef!, and on page 101 more definitely mentions Coccmella picta
Rand. Dr. Shimer also mentions Camai'onotus fraternus Uhl.—

a

plant-bug which in the larval state "resembles a brown ant" and is

equal to the ant in activity—as doing its share toward the destruc-
tion of the Chcrnu's.

*See tables, pp. x. xi.
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KEYS TO LARVAL AND PUPAL FORMS OF NATURAL ENEMIES.

As a key that will enable any one interested to distinguish the

principal iiinect enemies of Chermes may be of value, one is here in-

serted. It is founded on larval peculiarities, since it is in this stage

that they are apt to be observed.

a.—Larva very small, bright red. footless.

—

Leucopis simplex.

Larva larger, not red.—b.

b.—Larva widening toward the posterior extremity, footless, usually

covered with woolly excretion of Chermes, jaws very small.—
Syrpluis.

Larva short, thick, several rows of spines, body of nearly the

same diameter throughout, possessing feet.

—

Ladybirds.

Larva slender, tapering at each end, jaws large, curved.—c.

c.—Larva spiny, with "wool" on the hd^ck.-Hemerohius.
Larva not spiny, usually clear of "wool."

—

Chrysopa.

To this key is added another by means of which the pupal stages

of the same insects may be distinguished.

a.—Pupa inclosed in a silk cocoon, spherical, opening ])y a circu-

lar lid.—b.

Pupa not inclosed in a cocoon, not spherical,

b.—Cocoon of white silk.

—

Chrysopja.

Cocoon of brown silk.

—

Hemerobiiis.
c.—Attached by the side.

Attached by one end, often possessing the power of motion.

—

Ladybirds.
d.—Small, \s in. or less, reddish or grayish color, opening at end.

—

Leucoijis.

Larger, ^5 to \ in., brownish.

—

Syrpltiis.

COMPARATIVE LIFE HISTORY OF THE CHERMES AND ITS ENEMIES.

The important events noted in the life of the Chermes, up to June
10, when my observations ceased, are given in the accompanying
tables (pp. X, xi).

Attention is called to the following facts exhibited b}- this cal-

endar:

1. There is a period of a few days in early spring when the

Chermes is comparatively free from attack, though its enemies are no
doubt present. The larva' of Leucopis were on the pines in small
numbers, and the adults of Chrysopa, Hemcrobius. and the ladybirds

were observed in numbers in other locations at this time.

2. The severity of the attack reaches its climax at the period
when the larva" of the Chermes are attaching themselves (Apr. 26).

At that time the Chrysopa and SyrpJius larvfB are destroying great

numbers- Moreover, although not observed at the time, an inspec-
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tion of the dates of the life history of HeiiiGrobius, as shown in the cal-

endar, indicates that the larva of this insect may have been at work
at about the same time.

3. A little later (middle to the last of May) the attack is taken up
by LcHCopis simplex and Henierobius altermms, reaching in its turn
a climax of severity, about May 211, scarcely less acute than that of

the preceding onslaught. This period covers that during which the

young of CAe?*7Hr'.s' progress to -the winged form and lasts until the

latter disappears. i. 1 ^ jlZj^Za „ _JL_j \^' 22 .^ ^^CZ3
ni4. The complete series of transformations in the Chermea extended
from April S, when egg-laying began, to May 9, when winged adults

began to appear—a period of one month. This history seems to be
reflected to a certain extent in the lives of its destroyers. Thus, the

ChrysojXi attack lasts from Apr. 15 to May \.'6\8yrpluis,hom. Apr.
18 to May 12; Leticopis, adult to adult, Apr. 22 to May 22; Hcmero-
J)ius adults observed May 8, pupation May 29. In the last two the

period of feeding is somewhat shorter than one month, but will not
fall below three weeks if we consider the history of the species as a

whole and not the life of an individual merelj'.

5. It will be further noted tliat this difference of about one week
in the length of the attacks made by Leucopis and Hemerohins, con-

sequent upon their shorter periods of transformation, results in dis-

tributing the total attack of the combined enemies of Chermes through
the entire time from the opening of spring to the disappearance of

the winged form. May 23.

Of the relations existing among the enemies of Clwi'nies themselves,

it may be said that the Chrysopa, Sjjrplin.<t, and Hemcrobms prob-

ably prey upon the Leucopis, as the first two certainly do upon each
other and the Si/rphii>^ upon its own kind.

USE OF INSECTICIDES.

An examination of the calendar indicates that the best time to de-

stroy the Chermes with insecticides is probably in the winter or early

spring. If force enough be applied to the spray the presence of the

'wool" need not be disadvantageous, and if the spraying be done in

the winter the natural enemies of the Chermes will escape the appli-

cation. But one experiment has been made at Urbana in this line.

The kerosene emulsion was used, the sj^ray l)cing applied May 8, 1895.

At this time the"eggs had not hatched. Professor Johnson, who made
the experiment, records that no lice had made their appearance, up
to Aug. 7, on the tree treated, while all other trees that had been in-

fested were covered by them. This experiment seems to be conclu-

sive not onlv fis^ to the lice but as regards tlie eggs also.
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SOME VARIATIONS IN LIFE HISTORY.

Professor Osborn does not ^ive us the periods of any of the natural
enemies but records that of Clie7'mes pinicorticis as follows:

1878. 1879.

Apr. 15. Pound eggs and adult females.
Apr. 20-24. Eggs hatching rapidly, larvffi
traveling.

May 6. Larvje attaching themselves to the
bark. '

May 13. Becoming densely covered with May V.i. Lice well developed, parasites at
woolly substance.

! work, eggs unhatched.
May 16. Young hatching and traveling.

May 21. Winged males* noticed for the first
,

May 21. Eggclusters.newly hatched larva?.
time.

June 'A. Winged males disappeared.
June 10. Lice almost entirely disappeared;
after this none observed during the sum-
mer, but adult females probably present
in the fall.

winged males.
May 27. Egg clusters and living females
on new growth of wood.

Oct. 9. Adult females abundant, a few
eggs, and an occasional larva.

The presence of the eggs lato in the autumn led Professor Osborn
to think at first that the Chermcs, in part at least, passed the winter
in this form, but he adds that no eggs could be found Jan. 15, when
the apterous female was abundant. In a later paper he states that
he has seen nothing to warrant Dr. Shimer's opinion that "the nor-
mal winter condition of the species is the egg, and that these are on
the ground." My own observations revealed no eggs in the latter
part of March, but a few larvse were found. Mr. John Marten, in an
unpublished note dated Jan. 9, says he made a careful examination
of the insect in the University grove at Urbana, and gives in some
detail the hiding places of the apterous females but does not men-
tion the eggs. Taken together, these observations leave no doubt
that the apterous female is the winter form of this Chermes.
The winter of 1896 broke up earlier than usual, and this fact will

probably explain the difference of seven to ten days between the
various dates in the life of the Chermes, as recorded by Professor
Osborn in 1878 and by myself in 1896. The intervals between the
successive dates in the records kept by each are not so divergent as
to be irreconcilable. The time from the beginning of hatching to
the attachment of the larva* is given by him as sixteen days and in
my record as eleven; from egg-hatching to appearance of winged
form is in his record thirty-one days, in mine twenty-four; but to
my date five more days should be added to reach the time when they
were appearing most rapidly. Professor Osborn's record gives twelve
days' existence for the winged form, mine fourteen.

Professor Osborn's record for 1879 shows a peculiar condition of
the lice, one quite at variance with that of the previous year. The eggs
were still unhatched seven days later than the time when the larva?
had begun attaching themselves to the bark in 1878, and twenty-three
days later than the hatching had begun in that year. Nevertheless,

* In a publication issued on this subject in 1884 by Professor Osborn, he states that he has
been unable to distinguish male and female in the winged form. It is probable that this
form consists of females onlv.



XIV

the w'uKjed (uhilt^ appeared on the satne dale in eadi, year. At Ur-
bana, accordinu; to Professor Johnson, the e^gs had not yet hatched
May 8, 1(S95. Such variations as these suggest quite a marked sus-

ceptibility to meteorological influences, but just what these influ-

ences are the notes do not indicate. One might conjecture, however,
since the insects pass the winter in almost complete exposure to the
weather without serious injury, that the efl^ect of the climate upon
them is possibly quite as much indirect (through the deferred elabo-
ration of the sap of the tree) as direct—through the cold.

DESCRIPTIVE.

In preparing the following descriptions I have made free use of

those given by previous students of this insect, adding notes and
comments whenever my own observations are divergent.

The Eggs.

"The eggs, found in downy balls, vary from live to sixty or more in number;
usually, however, they are few. They are yellowish, slightly ovate, with a
longitudinal diameter of 0.34 mm. and transverse diameter of 0.17 mm. In
development the mouth parts are first apparent, and afterward antenna^ and
legs appear, these being fully developed by the time the larva breaks the
egg-erust."

—

Osborn.

Eggs examined by Professor Johnson at Urbana April IcS, 1895,

were "0.38 mm.x0.19 mm.; color brownish or amber; surface rather

smooth, but covered more or less by threads of the woolly excretion."

My own measurements of the width vary from 0.156 mm. to 0.173 mm.
and of the length 0.312 mm. to 0.346 mm., an average of all measure-
ments made being 0.163 mm. X 0.329 mm. The color of the eggs varies

slightly from yellowish or amber to brownish amber, sometimes with
a reddish tint.

On April 17 sixty-four eggs were taken from the trees and divided
into three groups, consisting of twenty, twenty, and seventeen eggs
respectively. Each group was placed on one of the ordinary glass

slips used in microscopic work, and surrounded by a ring of albumen
flxative. which interposed an efl:'ectual barrier to the escape of the

larv.v when they should be hatched. The slides were examined ev-

ery morning until hatching had certainly ceased. From the first

were taken nineteen larvte, from the second twenty, from the third

thirteen, giving a total of fifty-two or >^\\ per cent, of the eggs origi-

nally placed on the slides.

By means of slides prepared in the same way. four experiments
were made for the purpose of determining the period of incubation.

The following are the results in tabulated form:

No.
of

Exp.
Date of Di'positidii. Dateof Hatching'. j

Period
!of Incubation.

f Between April 17, 10 ji. ni.,andlS. I Between April 23,10 a. m.. and 24, (

1 It a. m J ! 8 a. m I

jBetwe..nApriI18. 12 m.. and20. JUp^j,25j,efore8a.m
{

l^s^m"^'!"*'^^:^"'''"':*"!'^^^^ {

April 29, 10 a. Ill !May 5, between 10 a. in. and 5 p. m.
|
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In experiment No. -i the egg was found still adhering to the abdo-
men of the female and was observed not to be hatched at 10 a. m.
May 5, but by 5 p- m. of the same date the larva had emerged. The
time required for incubation, therefore, is prol)ably about six days,

though it will vary no doubt as external conditions change. I was
unable to determine the number of eggs deposited by an apterous
female in the course of the season, but believe it to be nearer sixty

than five.

The Larcd" of the Winged Form.

"The larva' wheu first hatched are oval in shape, flattened, yellowish, or
light brown. Professor Riley in his mannscript notes says 'purple-red,' but 1

have not been able to detect this color. The antennte are three-jointed; the
first joint is short and thick; the second is slightly longer and not so
thick; the third is three times as long as the first and half as thick, set with
a few stiff hairs at the apex, one being two thirds the length of the joint: also

a few lateral hairs. Near the end of this joint are a few transverse marks or
ridges extending part way around.

•'The month parts are well developed; there is a long sucking tube, twice
the length of the body, inclosed in a sheath extending under the body nearly
to the end of the abdomen. The sheath is apparently foi r-jointed, sparsely
set with stiff hairs, mostly at the apex; 'the legs are of moderate length, coxa
short and thick, femur and tibia equal; tarsus one-jointed, half the length of
the. tibia, ending in two short ungues surrounded bydigitula (knobbed hairs).

There is a short hair or seta on the outer angle of each abdominal segment.
Length, 0.38 mm.; width, 0.19 mm.; antenna-, 0.12 mm.; legs, 0.15-0.18 mm.
"As these larvje grow they become darker in color, assuming a deep red-

brown, and finally almost black, appearance, while the woolly substance de-
velops thickly on the abdominal segments and also on the meso- and naeta-

thorax, entirely hiding the insect, which thus appears like a ball of white
down. The substance develops from gland- like surfaces arranged sub-dorsally
on each segment, the abdominal segments having also a lateral row of smaller
surfaces performing the same office."

—

Osborn.

All newly hatched larvae observed at Urbana were yellow; antenn*
three-jointed, thick and fleshy; first and second joints about the same
size, the three diameters of each apparently equal, the width, how-
ever, in rare cases, exceeding the length, also the second joint some-
times exceeding the first in all dimensions. The third joint appears
as described by Professor Osborn, except that the edge is usually

irregularly serrate, and the joint shows throughout its extent the
rings he mentions as being near its distal extremity. The distal ex-

tremity bears four hairs, one long and the others about half its length.

Two or three other very short hairs were observed along the edges of

this segment. At the posterior distal angle of the second segment
another short hair is located, while four others are visible along the
cephalic margin of the head, and still another at the latero-cephalic

angle. The eye consists of three ocelli. The hairs on the margin of

each abdominal segment are the same in my specimens as in Professor
Osborn's. I notice, however, that the two hairs at the caudal ex-

tremity surpass the others in length and thickness. (Plate II, Figs.

1 and 'i.

)

The sucking tube is usually bent on itself, the extnnne end only
being inserted .into the sheath. The tube is composed of three fila-

ments. The tarsus appears to be free from rings with the exception
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of a slight shaded line near the base, suggestive of another segment.
Above the claws is a hair nearly equaling the tarsus in length; one
other hair is visible on the same side toward the proximal end; while
the under side of the tarsus carries a hair, located a short distance
toward the tibia, and still nearer to the tibia four comparatively long
hairs are visible. A few hairs are also visible on the femur and tibia.

(Plate II, Fig. 2.)

The Pupa of the Winged Form.

"The pupjp are similar to the larva' with the exception of the wing- pads.
The thorax is yellowish or i"eddish,the wing-pads yellow from the wings show-
ing through, and appear washed with brown from the darker color of the outer
membrane. The abdomen is reddish, darker than the thorax. Occasionally
patches of woolly substance are seen on various parts of the body. The an-
tennae are folded back against the head, though not joined; the legs are free."
—OSBORN,

No study of the pup^e was made at Urban a.

The Winged Form.

"The winged form is, when it first issues from the pupa, light reddisli in

color, the wings are very white, expanding rapidly and becoming transparent,
while the body gradually becomes darker till nearly black. Tlie antenna? are
tive-jointed, short; the tarsi one-jointed with rudimentary first joint and two
ungues. The wings are four, folding roof-like over the body, the anterior
ones being furnished with a strong sub-costal vein which is branched at one
thii'd the distance from the base, the lower branch running parallel for some
distance, then turning obliquely toward the posterior margin; also from this

branch two oblique discoidal veins running co the posterior margin. The
stigma is indistinct. The posterior wings have a sub-costal vein with no
branch veins. This venation applies to the inner structure of the wing when
magnified forty or more diameters. Under a simple lens of low power and
w'ithout transmitted light, the venation appears quite different and is as fol-

lows: A strong vein running to the costa slightly before the apex and send-
ing a short oblique branch to the costa at about its middle, inclosing the
stigma. From the main vein three oblique veins passing to near ttie posterior
border of the wing. There is a slight fold of the posterior border at the ter-

mination of the first oblique vein for the reception of the costal hook of the
hind wing. The hook on the front border of the hind wing which slips into

the fold of the front wing, holding the two wings together so that they may act as
one, is composed in this species of two curved rods of chitine."

—

Osborn.

Some variations from the above description are shown by the

specimens taken at Urbana. In a number of them the subcostal vein

does not branch, the vein spoken of by Professor Osborn as a

branch lying close beside the subcostal and extending to the base

of the wing (Plate 1, Fig. 4). In others it appears as a branch.

The curved rods of chitin on the hind wing are usually three, some-
times two, in one case three on one wing, two on the other. Average
measurements were as follows: Entire insect 0.46 mm. X 0.92 mm.;
front wing 1.4 mm. X 0.6 mm.; hind wing 0.95 mm. X 0.83 mm.; an-

tennte 0.28 mm.; tarsus 0.07 mm.; tibia 0.2() mm.; femur 0.19 mm.

The leg of the adult winged form has its femur and tibia covered
with scattered tubercles, each tubercle bearing a hair; these tubercles

are thick on the tibia, fewer on the femur, none on the tarsus. The
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tibia ends in a cup-like expansion receiving the tarsus, which in

articulated to the former by what appears to be a rudimentary first

joint. The tarsus is serrate and ringed, bearing a few hairs in po-
sitions shown in the drawing. A small trochanter is present in its

usual position. (Plate 1, Fig. 2.)

The Apterous Female.

"The apterous female is not fixed, but eucJosed in a woolly mass which ad-
heres to the bark. The legs and antenna' are persistent, comparatively
small. The antennae are three-jointed, and the tarsi one-jointed, terminated
by two ungues. The body is elongated, pyriform during egg-Jaying; con-
tracted to a globular or flattened foi-m afterward or in winter.*'

—

Osborn.

My observations lead me to think that the apterous female is often,
though not alw^ays, free from the bark during the winter months.
When spring opens the tube is inserted and the insect remains fixed
for the remainder of its life. The long sucking tube found in this
form is similar to that of the larva before described, but the sheath
difiPers slightly. The sheath of the apterous female lies in a fossa
formed by the coxa and their supporting sclerites. No differences of
importance were discovered in the three pairs of legs: all are very
short, so short that the insect can not right itself wdien placed upon its

back. The thickness of the femur is about two thirds its length, the
tibia is as long as the femur but more slender, the tarsus about one
half the length of the tibia. Both tarsus and tibia showed a few" hairs,

such as were observed being shown in the drawing (Plate III, Fig. 4 j

in proper position. As in the case of the larval tarsus, but one ring is

visible on the tarsus of the apterous female, and that one so situated
as to once more suggest a first joint. A curious notch is visible just
at the base of the two claws.

Average measurements of insect before egg-laying period were
0.51 mm. X 0.345 mm.; sucking beak, 1.385 mm. Measurements dur-
ing the period of egg-laying were: width, 0.485 mm. to 0.605 mm.,
length, 0.52 mm. to 0.71 mm., averaging 0.55 mm. X 0.60 mm.
The ventral surface of the abdomen shows six segments, the last

being widest. Color, before the period of egg-laying, brown to black
on head and thorax, abdomen yellowish, shading to brown on the
cephalic segments. The •"spinnerets" or excretory pores are disposed
with regularity on the abdomen, a double row down the back and a
single row on each side of the body, none on the ventral aspect. On
the thorax the arrangement is different, the groups of pores being
on both ventral and dorsal surfaces. The ventral surface of the
caudal third of the thorax is free from pores. These pores, from
which the woolly excretion so often mentioned comes, are arranged
in groups, each group occupying a small circular elevation or
papilla, the papilla^ being in turn gathered into groups of from four
to twenty. From this form of the pores, the inference is that
the fibers of woolly material excreted really consist, like the spider's
web, of numerous fine threads which cohere into one.

—B E.
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SOME GENERAL OBSERVATIONS.

There have been some remarkable differences of opinion in regard
to this insect, which deserve brief attention here. Some of these
differences may be easily explained, others not so easily.

Dr. Fitch, in his original description, says, "The insects are

wholly imperceptible to the naked eye," and gives their measure-
ments at a little more than .01 of an inch. Dr. Shimer also says,

"The insect is quite a minute creature, and is not readily seen with-
out the aid of a Ions.'" Professor Osborn calls attention to the state-

ment of Dr. Fitch, adding that it is quite an easy matter to see the
eggs even, much more, then, the insect itself, with the unaided eye.

This is very evidently true: the difficulty in seeing the insect arises

mostly from the protective coloration.

Dr. Fitch observed them upon the white pine, most numerous upon
the trunk, absent from spots where the direct sunlight fell. Professor
Osborn notes (L^TV)) that they infest the Scotch pine, being most
numerous upon the small twigs, and avoid the white pines. My own
observations sustain Dr. Fitch, both as to the tree infested and the

distribution thereon. Though the Scotch pines grow immediately
beside the white in the grove at Urbana, yet, so far as I was able to

learn, the Chermes were not found at all upon the former.

In the matter of classification. Dr. Fitch placed the apterous female
among the Cocridii'. naming it Coccus pinicorticis. Later, when he
discovered the winged form, but without recognizing its connection
with the apterous female, he named it Chermes pinifol ice. Dr. Shimer
in 1SG9 pointed out its connection with the apterous female, but
meanwhile Mr. Walsh confused it with Aspidiotns innifolici:. Pro-
fessor Osborn confirms Dr. Shimer's statement, and here again he is,

without doubt, correct.

Dr. Fitch says of the winged form, that the females remain seated
upon the pine needles, with the head toward the base, until they die,

covering the eggs. No such habit was observed at Urbana. Shortly
after the appearance of the winged form, all the lice disa^apeared

completely. If any eggs were laid upon the white pine before their

disappearance, I failed to discover them. If none were laid upon the

pines, then another host plant must be sought. Professor Osborn
records a similarly sudden disappearance of the lice, June 10, 1878,

Dr. Shimer says that on June 3, 1868, he first observed a few speci-

mens of the winged form, and on June 1 he found them plentifully

on the leaves; then he adds: "On June 8, I had great difficulty in

finding one perfect specimen of the winged imago: the cold rain

which had fallen since the 4th seems to have almost entirely de-
stroyed them: many dead ones, with their wings shriveled, were
found adhering to the leaves. From the 8th to the 25th of June, no
winged specimens could be found." ft is evident that their disap-
pearance is not to be accounted for by the cold rain. The most satis-

factory explanation is the presence in the vicinity of anotiier host-

plant.
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Regarding the venation of the wingn, that given by Dr. Fitch was
supported by Dr. Shinier. Their description is such as one would
give when using low magnifying powers. As detailed elsewhere,
Professor Osborn corrects the errors of their description. Such varia-

tions from Professor Osborn's description as my specimens show, I

think to be due to the variability of the species. That it is unusually
variable, both in form and habits, seems to me apparent.

(jholodkovsky's monograph on the chekmes attacking the
conifer -e.*

On a preceding page it is suggested that a complete explanation of
certain peculiarities of Chermes 'pinicorticis seems to require the in-

tervention of another host plant. After I had finished the preced-
ing pages substantially in their present form, I received from
Prof. S. A. Forbes a copy of the Zoolofjischer Centralblatt, June 15,

1896, which contains an abstract of a work by N. Cholodkovsky on
several European forms of the genus Chermes. The contents of this

abstract strengthen the view that the white-pine louse attacks some
other plant, and indeed may be known to American entomologists
under some other name. Briefly, the contents pertinent to the sub-
ject of another hostplant are as follows:

In the monograph by N. Cholodkovsky. it is stated that Chermes
coccmeus Cholodk.. C. sibericus Choiodk., C. viridis Ratz., C. pini
Koch, and C. strohilobius Kalt.. pass through a cycle of two years
in their life history, and during that time are found on two different

plants. Two kinds, C. ahietis Kalt. and C. lapponicus Cholodk.,
complete their life cj'-cle in one year, and are found upon one host
])lant onlj'.

Of those which consume two 3'ears" time in development, and at-

tack two different plants, the following is given as a generalized life

history. The first form is found uj)on the fir, and is known as the
"f'imdairi.r.''' In the spring she deposits her eggs in galls. These egg-

hatch into larvse, which, after having moulted four times, become
" iai(irantes alato'.'' and pass to the pine, where they deposit their
eggs upon the needles. The eggs in turn give rise to the "emi-
fjrantes,'''' which remain for the ^vinter under the bark of twigs (C.

strobilohms) or on the needles (C. coccineus) . From the eggs de-
posited by the '"emigrentes''' are produced forms which suck either
leaves or bark, and after three moults fail into two different series,

the "exules''' and "sexupar(v,.'" The ''exales" remain on the pine,
spending the summer in laying eggs from which similar individuals
are developed. The winter is passed by this form upon the pine,
partly in the egg, partly in the larval form. Some of the larvsp

hatched from the eggs of the emigmnfes after the third moult pass
into a pupal stage, from which they emerge as winged sexuparn'.
which return to the fir, (May to June) . Here they lay their eggs on
the needles of the young shoots, and from the eggs emerge the form
known as the "sexiiales,'"' consisting of males and females. After the
impregnation of the female, she hides in a cleft of the bark and lays
a single egg. From this egg is hatched the fi(n(l<ifrix late in the

* Beitrage zu eiuor MonoKraphie der C'niifi'rcn-Liiuse.
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summer. It will be observed that six different forms are recognized
as constituting the cycle, the fiindatrix and sexual.es being found
upon the fir alone, the emitjrantes and exides upon the pine alone,

the migrantes alatw and sexii/parce, winged forms, upon both. It is

a remarkable history.

Finally, reference is made to the forms of Cheriues found on the

white pine, in a short statement to the effect that they are not wholly
unknown. If Chermes piiiicorticis should be found to have another
host i3lant. as all indications lead us to suspect, there will, I think,

be discovered some variations from the above generalized history as

given by Cholodkovsky. The above forms given by him as infesting

the pines do not agree with those of C. pinicoriicis. All the Amer-
ican observers who have specifically mentioned the matter, state

that the lice are absent during the summer, or were not observed
during the summer. Professor Osborn states that he believes the

eggs to be depositctl throughout the entire season, but says that he
observed them no later than May 27, in 1879, and again in the

fall, October \), thus leaving the interval between May 27 and Oc-
tober 9 unaccounted for. In 1878, June 10, he notes that the

lice had almost entirely disappeared. These observations seem to

exclude the ^'exules''' from the forms of C. 'pinicorticis found upon
the pine. If this form exists in this species it must therefore be

looked for upon the other host plant. In addition to this fact, C.

'pinicorticis presents a further difference from Cholodkovsky's state-

ment of the typical life history in that there is no winged form
("migrantes (data;'") which lays its eggs upon the pine in early

spring. From the information at present in view it seems that the

pine is the present host plant of our species, and some other species

of conifer the intermediate one, if we accept the idea of a two-year

cycle. On the other hand, I am aware of no evidence other than
analogy which supports the idea of a two-year cycle for C. jyinicor-

ticis. It is quite possible that the cycle is comi3leted in one year.

The absence of other evidence than analogy opens an inviting field

for further observation.
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SYNONYMY AND BIBLIOGRAPHY.

1855. Coccus puiicorticis Fitch.

Trans. N. Y. Si. Agr. Soc. for 1854, Vol. 14. 1855, pp. 871-S7.3.—

Original description of apterous female.

1S56. Coccus pinicorticis Fitch.

1st Rep. Insects of N. Y. pp. 167-169.—Repetition of original de-

.scription. States that "wool'" is thickest around the axils where limbs

leave the main trunk, on the north side of the trunk, and on its

lower part: no spots or but few where much exposed to the sun; in-

sects "wholly imperceptible to the naked eye;" measurement a little

over 0.01 of an inch in length; broad, oval, hemispherical, soft,

black, or blackish-brown; back coated with whitish mealy powder;
legs short, robust, feet of one piece (seemingly), ending at tip in

two minute, bristle-like setse; shanks little longer than broad, slightly

enlarged toward their tips; thighs slightly longer than shanks,

thickest in the middle; no thread-like or other projections at the

hind end; head separated from body by faint transverse line; antennae

represented apparently by two small conical points. Insects found
only on transplanted trees; suggests soap-suds as a remedy.

185!^. Cliermes pinifoluv Fitch.

Tr((ns. N. Y. St. Agr. Soc. for 1857, Vol. 17, 1858, p. 74J.—Repub-
lished in 4th R<'j>. Ins. of X. Y. 1859, p. 55. Description of winged
form.

1859. Coccus pinicorticis Fitch.

Fonrtli Rcj). Ins. of N. Y. p. 46. Dr. Fitch mentions it as an insect

infesting the pines, largely young trees, and states again that it is

invisible to the naked eye.

1859a. Cltcrnics pinifolicpFiTCH.

Fonrtli Rep. Ins. of N. Y. p. 55.—Dr. Fitch here republishes

his description of the winged form, first published in 1857.

The description contains some observations not yet repeated by
others. For example, he says: "Stationary on leaves, usually

toward their ends, puncturing them and sucking their juices: a very
small black fly, .08 long to tip of abdomen and .12 to the end of its

wings, which are dusky grey, abdomen dusky red, and slightly

covered witli fine cottonv down. The females do not extrude their
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eggs. Clinging closely to the leaf with their heads towards its base.

they die. their distended abdomens appt^aring like a little bag tilled

with eggs. The outer skin of the abdomen soon perishes and disap-

pears, leaving the mass of eggs adhering to the side of the leaf, but
completely covered over and protected by the closed wings of the

dead fly. I have met with the dead females thus adhering to the

leaves the first of July and have noticed the live insects on tlie

leaves in full life and vigor the middle of May.'" No one has since

observed the eggs in the position noted by Dr. Fitch.

In this description the venation of the wings, as given by Dr.

Fitch does not agree with later descriptions, but is exactly such a

description as would be given when the wing was viewed with a low
power of the microscope.

1862. Chermes pinifol'ur Fitch. B. J). Walsh.

Oil ihc Genera of Aphidcf Found in the U. S.—Species listed

only.

lHf)b. Coccus pinicoi-ficis, Fitch. B. D. Walsh.

Froctical Entouiologij, Vol. 1. p. no.—In this publication Mr.
Walsh regards the apterous female as the larva of Astpidiofiis

pinifolid'.

1869. Coccus (.^) puiicovlicis. Sigxoket.

Essai sur les Cochenilles. p. 866.—Simply catalogues it. and refers

to Fitch's papers on the sul)ject.

1H69. Chermes / pinicorHcis. Henry Shim ek.

Trans. Am. Ent. Soc, Vol. 2, p. 383.—This paper by Dr. Shimer
gives a brief account of the habits of the insect, a description of the

winged form, and asserts its identity with Chermes pinifolia' Fitch;

enumerates as natural enemies Camuronotus fraternns Uhl., "the

larva of an unknown species of Chri/.<topa which covers its back with
the wool of the Chermes. Chilocorus hir}ilne}-n.-i Muls.. Scipnnus
terminains Say, Penlilia ( Smilia) )ni.^ella Zimm.. many larvte of

unknown species of S/jrphns and a Sc/jninu.^ larva longer than fermi-

natiLS. infested by a chalcis fly.

The ^'Chr//sopa" mentioned by Dr. Shimer is doubtless Hemo'ohius
allernans.

1H73. Coccus pinlco)-h'c{s, Fitch. J. A. Lixtxei;.

A paper in the Counlrij (JenfloiKin. Ainj. 21. is}:], I'ol. :>s. j). ^:!').

by Prof. Lintncr.

1878. Herbert OsBOKN.

In t\w Trans. Iowa Stcde Ilorl. Soc, I'ol /.V. />. 400. Prof. Os-
boru discusses it, (without name) somewhat fully: notices its occur-

rence on white, Scotch, and Austrian pines; makes a study of its

stages; description of eggs. larva, adult male and foinaU': discusses

its zoological ndations.
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1879. Cheriues pinicorticis Fitch. Herbert Oshokx.

Trans. Iowa Hort. Soc. Vol. 14. pp. 90 107. Prof. Osboni here
gives an account of observations on different stages, description, and
life histor}^ so far as made out.

1879a. Herbert Osborn.

College Quarterly, Vol. 11. p. 10. Short notice of injury without
scientific name of insect.

1879. Cficriiies pinifolia' Fitch. Cyrus Thomas.

Eicjhth Rep. St. Ent. of III., p. l.'>0. Quotes Fitch's description.

1881. Ctiermeii pinifol'ur Fitch. A. S. Packard.

Ins. Inj. to Forest and Sluidc Trees, issi, p. lis.

1884. Chermes pinicorticis Fitch. Herbert Osborn.

Bulletin No. 2, Iowa St. Agr. Coll., Dept. of Ent.—In this paper
Prof. Osborn republishes, in substance, the papers previously re-

ferred to. with additions and corrections, bibliography and ph^tes.

showing apterous female, upper and lower side, winged form, young
larva, antenniip and leg of young larvae.

1885. Cfiernies pinicorticis Fitch. -J. A. Lintneh.

27id Rep. St. Ent. of N. Y.. p. 160-187.—Frot Lintner gives the
natural history of the Ctiermes according to Osborn. and a resume
of the studies made bj' Shimer. Walsh, and himself; reproduces
Osborn's figures, refers to other species of the genus, aud deals to

some extent with their bibliography, recapitulates the natural ene-
mies and suggests remedies.

1887. Chermes pinicorticis Fitch. Oestlund.

Syn. of Aphididcr of Minn., p. 93.—Listed as attacking pine, and
mentioned as an American species on p. 18.

1888. Chermes pinicorticis Fitch. J. A. Lixtxer.

4th Rep. St. Ent. of N. Y., p. 147.—A few notes on its distribution

and habits.

1890. Chermes pinicorticis Fitch. Packard.

Fifth Rep. U. S. Ent. Comm.. p. Sic*.—Lists it and refers to

Osborn; also to Chermes pinifolia' Fitch, p. SOo, Fitch's description
being quoted; also to Coccus pinicorticis. Fitch, again (luoting

from Fitch, p. 871. Refers also to Shinier's paper of 18B9.

1890. Chermes pinicorticis Fitch. S. A. Forbes.

17th Rep. St. Ent. of III., p. .jcii.—Notes its first reported ap-

pearance in Illinois, in the University forest, saying that it not

only attacks the twigs, but also the bases of the needles.

1891. Chermes pinicorticis Fitch. T. A. Williams.

Host Plant List N. A. Aphidida-, Bull. No. 1. Unic. of Neb.—
Lists it as attacking the pine.
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KXPLANATION OF PLATES.

Plate I.

I'Mg. 1. (Jin'rnics piiiicorficis. winged form: head, dorsal aspect,

showiuL:- outlines, antennjp. and position of eyes.

Fiii'. 2. Tarsus and part of tibia of same, lateral aspect, showing
hairs of each, tubercles of the tibia and rings of tarsus.

At the junction of the tarsus with the tibia is shown the

rudimentary first joint. The small accompanying figure

is a sketch of the upper side of the extremity of the tarsus,

showing tlie ])(MMi1inr claw.

Fig. o. Antenna of same, showing the position of hairs, and the

markings of the segments.

Fig. 4. Front wing of same.

Fig. o. Hind wing of same, showing the three chitinous hooks, and
the markings which were mistakeji for a branch vein by
Dr. Fileli and Dr. Sliimer.

Plati- 11.

Fig. 1. Clicniics jtiiiicorlicis, larval form; outline of head, exhibit-

ing tliree-joint(>d, ringed antenn;e, and three simple eyes.

Fig. 2. Tibia and tarsus of same, showing position of hairs, and rudi-

mentary tirst joint of tarsus.

Fig. 'A. N'ential xiew of larva of same.

Fig. 4. Tibia and tarsus of apterous female of same, showing pecul-

iar notch at extremity and rudimentary first joint.

Fig. ."). ( )iie group of excretory papilke of same.

Pig. ('). Larva of ladyl)ir(l, pi'oba})ly Chiloconis.

l-'ig. 7. Larva of Hcmci-ohi'ts (iltcniuiix, with enlarged drawing of

th(> head henefitli.



XXV

Plate I.

Fi?. 1.

Pigr. 3,

Pie. 4.

Fie. 2.

Pie. 5.
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Plate II.

Fig. 1.

Fig. 3.

Figr. 5.

Pig. 2.

Pig. 4. Fig. 6. Pig. 7.



ERRATA.

Page 10. line 8, for Sailford read Sandford.
Page 81, Hue 16, dele 10.

Page 85, line 12, for with the exception of read in.
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Acacia as food plant of San Jo3<5 Scale, 1,

Adams, C. C, v.

Alder as food plant of San Jose Scale, 1.

Almond as food plant of San Jos6 Scale, 1.

ancyclus, Aspidiotus. 15. 16.

Apheliuus fuscipennis as parasite of San
Jose Scale. 19,20.

description of. 20.

aphidis, Entoraoplithora. 52,56,57,58,(51,65,(57,

70,71,91

Apple infested by San Jos(^ Scale, 1, 7, 9, 10, 11.

Apricot infested by San Jose Scale, 1,10.

Array Worm, note on a new disease of,100-IG9.

arnauldi, Isaria, 101.

Aspidiotus aneylus,15, 16.

comparison of characters of five species

of, 16.

forbesi, 16.

bowardi, 15, 16.

obsoiirus, 15. 1(!.

dead with fungous disease. 22.

perniciosus, 12-15. See under San Jos6
Scale.

B
Bacillus insectoruni, 57.

Bacterial decomposition of Chinch-bug:, 52,

54. 59, 62, 65. 73, 7<S.

Basswood as food plant of San .Jose Scale, 1.

Beetle, Colorado Potato, 1.

Birch as food plant of San Jos6 Scale, 1.

Birds, agency of, in distribution of San Jose
Scale, 3.

bivulnerus, (;hilocorus. 19,20.

Blackberry. 15.

as food plant of .San Jose Scale, 1.

Blair, J. C, V, 8,9.12. 13,14.

Borers, Peach, 14.

Brauclier, R. W., v, 9.11,13,15.

Bulletin Colorado Agricultural Experiment
Station cited, 16.

Division of Entomology, U. S. Depart-
ment of Agriculture, cited, 1,2,4,6.

Illinois State Laboratory of Natural His-
tory cited, 16,21,107.

Burrill, T. J.. 40.

Butterfly, European Cabbage, 1.

Cabbage Butterfly, European, 1.

Canadian Entomologist cited, 16.

cardinalis, Vedalia, 22.

Chalcididfe, 20.

Chermes pinicorticis. Appendix,
Cherry infested by San Jos(^ S;'ale,l, 10. 11.

Chestnut as food plant of San Josd Scale, 1.

Chilocorus bivulnerus as enemy of San Jose
Scale, 19,20.

Chinch-bug, a study of the causes of the dis-

appearance of an outbreak of, 45-74.

attempt to infect, with European para-

sitic fungi, 101.

attempt to infect, with muscardine in

winter quarters, 82.

bacterial decomposition of, 52, 54, 59, 62,

65. 73, 7H.

burning of. in winter quarters, 98.

coal-tar as barrier against. 42.

and post hole barrier a.ainst. 35-11.

confinement of hibernating. 81.

(^rude petroleum as barrier against, 42, 44.

diseases of, 46. 47, 48. 49, 51, 52, 53.

dusty furrow as barrier against, 35.

economic conclusion concerning disap-

pearance of outbreak of. 74.

effect of submersion on, 51.

eggs, attempt to infect, 52.

effect of burial in earth on hatching
of, 99.

of drouth on hatching of, 89.

of exposing to fungi of green
muscardine, 91.

of exposing to fungi of white

muscardine, 89.

of immersion in water on hatch-

ing of, 87.

of moist air on hatching of, 88.

of salt on hatching of, 99.

experiments with. 80.

temperature experiments with. 85.

experimental details of midsummer
measures against, .38-40.

experiments with, to determine compara-
tive vitality of hibernating generation,

80.

experiments with Entomophthora ou, 91.
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i)hinch-bug—Continue cl

.

experiments with kerosene and salt, and
other repellants as barriers against, 44.

fi«ld experiments with white muscardine
fungus (Sporotrichiim Klobulife-

rum) on, 92.

temperatures in hot midsummer
I

weather as related to, 86.

Georgetown campaign against, 40-44.
j

immersion of hibernating. 81. i

inoculation of dead, with Sporotrichum,
97.

Kansas barrier method against, 41-43.
,

kerosene and salt as barrier against, 42, 44.

midsummer measures against, 35-44.

miscellaneous experiments on, 79-102.

precise laboratory experiments with !

muscardine fungi on, 99-102.
!

spontaneous occurrence of white mus^
cardine among, in 1895, 75-78.

stations of observations in studying
causes of disappearance of oxitbreak

of, 49.

summary statement for each of above
obsei-ving stations, 51-55.

temperature experiments on, s3.

Chionaspis, 16.

furfurus, 16.

pinifolife, 21.
;

Chittenden, F. H., 6.
|

Clover. 34.
j

injury to, by White Grubs iu Christian

county in 1895, 29, 30, 31, 32.

Coccids, 22. See scale insects,

coccophila, Sphaerostilbe, 22.

cochyliera, Isaria, 102.

Cockerell, T. D. A., article by, cited, 16.

The San Jose Scale and its nearest Al-

lies, 4.
j

Colorado Potato Beetle, 1.

Comstock, J. H., on nesting places of soli- i

tary wasps, 104.

Report as U. S. Entomologist, cited, 16.

Corn, injury to, by White Grubs in Christian ,

county in 1895, 29,30,31.

Cotoneaster as food plant of San Jose t

Scale, 1.

Crab-apple as food plant of San Jose Scale, 1.

wild, infested by San Jose Scale, 11.

Crataegus as food plant of San Jose Scale, 1.

Currant infested by San Jose Scale, 1,11.

Black, infested by San Jose Scale, 6.

Cherry, 10.

Flowering, as food plant iif San Jose

Scale, 1.

Red Dutch, infested by San Jose Scale, 10.

white, infested by San Jose Scale. 6.

Cutworms, disease of, 108.
j

Cyclocephala immaculata. M. I

Danville News, editorial <|uoted. 40.

Davenport, E., 40.

densa, Isaria, 101.

destructor, Isaria. 101.

Disease of cutworms, 108.

on a new, of the Army Woim, 106-109.

Diseases, fungous, of the San Jos6 Scale, 22

.

of Chinch-bug, 46, 47, 48, 49, 51, 52, 53.

Dor-bugs, 53. See White Grubs.
Duggar, B. M., v, 26, 48, 99.

Elm infested by San Jose Scale, 1, 11.

English Walnut as food plant of San Jose
Scale, 1.

Entomophthora, 50,52, 53, 54, 58, 59, 62, 64, 67,

68,69.

aphidis, Entomophthora, 52, 56, 57, 58, 61, 63, 65,

67,70,71,91.

European Cabbage Butterfly, 1.

Fabre, J. H,, on life history and habits of

Odynerus reniformis, 104.

farinosa, Isaria, 101.

flammear, Sphserostilbe, 22.

Flowering Currant as food plant of San Jose

Scale, 1.

Quince as food plant of San Josf"; Scale, 1.

foraminatus, Odynerus, 103.

Forbes, Ernest B., v.

Forbes, S. A., Food relations of Carabidas

and CoccinellidsB, 21.

Notes on Insectivorous Coleoptera, cited,

21.

on x>reventiou of obstruction of air-

brakes by solitary wasps, 105.

Reports as State Entomologist of Illinois

cited. 26, 33, 34, 35, 36, 48. 51. 80, 81. 85, 86.

forbesi, Aspidiotus, 15.

Fumigation for San Jose Scale, 24.

Fungous diseases of San Jos6 Scale, 22.

Fungus, green muscardine, 50, 51,52,53,54.91.

white muscardine. 37. 50, 51, 52. 53. 54, 55, 60,

90, 100.

furfurus, Chionaspis, 16.

fusca, Lachnosterna, 33.

fuseipennis, Aphelinus, 19,20.

Giard. A., 101.

gibbosa. Lachnosterna. 33.

Gillette, C. P., paper by. cited, 16.

globuliferum, Sporotrichum, 37, 55, .59, 63, 64,

75-78,82,89,90.

Gooseberry as food plant of San Jose Scale. 1.

Grape as food plant of San Jos6 Scale, 1.

Grass, injury to by White Grubs in Chris-

tian county in 1895, 29,30,31.

Green muscardine fungus, 50,51,52,53,54,91.

Groff, G. G., reports San Jost' Scale in Illi-

nois, 6.
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Hart, G. A., V, 7,26.33.

comparison of characters of different

species of Aspidiotus, l(i.

Hart, Miss Lydia M., v.

Hickory as food plant of San Jos6 Scale, 1.

hirticula. Lachnosterna, 33.

Hoffman, .J. W., ou introduction of San Jose

Scale in Alabama. 4,

Howard, L. O.. ou Aphelinus fuscipennis, 20.

on rate of increase of San Josi5 Scale, 18.

Howard, L. O., and Marlatt, C. L., 1.

The San Jos(5 Scale; its Occurrence in

the United States, with a full Account
of its Life History and the Remedies
to be iised against it. cited, 2,6,25.

howardi, Aspidiotus, 15, 10.

Howard's Scale, 16, 17.

I

Icerya purchasi, 22.

Illinois. Bulletin of State Laboratory of Nat-

ural History of, cited, 16,21,107.

Farmers' Institute Report cited, 36.

Report of State Entomologist o'f, cited,

26, .S3, 34, 35, 30, 39.

immaculata, Cyclocephala, 34.

Insecticides, application of, 4, 12, 21. See

Remedies,
insectorum. Bacillus, 57.

Insects' food, method of determining, 21.

Isaria arnauldi, attempt to infect chinch-

bugs with, 101.

cochyliera, attempt as above, 101.

densa, attempt as above. 101.

destructor, attempt as above, 101.

nolitoris, attempt as above, 101.

ovalispora, attempt as above. 101.

pachytili. attempt as above, 101.

Jobnsou. \X. a., V, 27, 37.

paper by, cited, 16,4S,91.

report on burning chinch-bugs in winter

•)uai'tei's, 33.

June Beetles, 33. See White Grubs.

koebelei, Xoviiis, 22.

Lachnosterna fusca, 33. See White Grubs,

gibbosa, 33. See White Grubs,

hirticula, 33. See White Grubs.

Ii;idyl)ird, minute, as enemy of San Jose

Scale, 21.

Two-spotted, as enemy of San Jose

Scale, 20.

description of. 20.

LeBaron, William, Report as State Ento-

mologist, 35.

Leggett & Brother, 12.

Leucania unipuncta, on a new disease of.

106-109.

Lick, James. 4.

Linney, Cliarles E., 19. 49.

lophantiE, Rhizobius, 22.

Loq\iat as food plant of San Jose Scale, 1.

M
May Beetles, 33. Sec White Grubs.

Minor Fruit Scale, 16, 17.

misella, Srailia, 19,21.

Mites, fungivorous, 94.

Muscardinc fungus, green. 50, 51, 52, 53, 54, 91

.

white, 27. 51, 52, 53. 54, 55, 60, 90, 100.

Muscardines, 107.

Mytilaspis, 10.

N

nolitoris, I.saria, 101.

Novius koebelei, 22.

Oak as food plant of San Jose Scale, 1.

Water, parasitized Aspidiotus obscurus

on, 22.

Oats, in.iury to, by White Grubs in Christian

county in 1895,29,30,31.

Obscure Scale, 16.

obscurus, Aspidiotus, 15, 16.

Odynerus foraraiuatus, an entomological

train wrecker, 103, 105.

reniformis, concerning life history and

habits. 104.

Onions, injury to, by White Grubs in Chris-

tian county in 1895,29.

Orange, Osage, infested by San Jos^ Scale,

1,9,11.

ovalispora, Isaria, 101.

Oyster-shell Scale, 16.

pachytili, Isaria, 101.

Parasite, fungus, of Aspidiotus obscurus, 22.

of San Jost'' Scale. 22.

hymenopterous, of armored scales, 20.

Parasitic fungi, attempt to infect chinch-

bugs with European species of, 101.

Parasites, 21.

of San Jose Scale, 4, 19.

Peach Borers, 14.

infested by San Jos6 Scale, 1.2. 7, 9. 10, 11.

Pear infested by San Jos^ Scale. 1. 2. 3. 8. 9,

10.11.

Kieffer, infested by San Jose Scale. 11. 14.

Pecan as food plant of San Jos<^ Scale. 1.

Penicinium,94.

perniciosus. Aspidiotus. 1.
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Persimmou as food plant of the San Jos6

Scale, 1. I

Pine-leaf Scale, 21.

pinifoliffl, Chionaspis,21.

Plum, 15.

infested by Howard's Scale, 16.

infested by San Jos4 Scale, 1,6, 8,9,10,11.

Potassium cyanide, 24.

Potato beetle, Colorado, 1.

Potatoes, injury to, by White Grubs, 29.

Sweet, injury to, by White Grubs, 29.

Proceedings Western Railway Club cited, 104.

purchasi, Ic erya, 22.

Putnam's Scale, 16, 17.

Quince infested by San Jose Scale, 1,11.

Ploweringr, infested by San Jos6 Scale, 1.

Raspberry, 13.

as food plant of San Jos^ Scale, 1.

Remedies and preventives for insect depre-

dations: chickens, 34.

coal oil, 41.

coal-tar, 42.

and post-hole barrier, 35-41.

crude petroleum, 42, 44.

dusty furrow, 35.

hydrocyanic acid gas, 24.

kerosene and salt, 42, 44.

pasturing with pigs, 34.

rotation of crops, 34.

whale-oil soap, 12,24,25.

Report of the Director of the Experiment
Station, University of Kansas, cited, 36.

of the Entomologist, New Jersey Agri-
cultural College Experiment Station
cited. 1,3,4.

Illinois Farmers' Institute cited, 36.

State Entomologist of Illinois cited, 26,

33, 34, 35, 36, 39, 48, 51, 80, 81, 85. 86.

of the U. S. Entomologist cited, 16.

Rhizobius lophantae as enemy of San Jose
Scale, 22.

Rhodes, G. W., on plugging of air brakes
with nests of solitary wasps, 103-105.

The Air Brake Encounters a New Enemy,
cited, 104.

*

on prevention of obstruction of air brakes
by solitary wasps, 105.

Rolfs, P. H., on fungus parasite of San Jose
Scale. 22.

Rose, infested by San Jose Scale, 1,11.

Ill Jose Scale. The, in Illinois, 1-25.

agency of birds in distribution of, 3.

artificial infection of, 22.

climatic checks on. 4. 19.

San Jose Sc&le—Continued.
condition of Illinois localities infested

by, 8-12.

description of, 15.

discovery of, in Illinois, 6.

disinfection of Quincy orchard infested

by, 12.

entomological enemies of, 19.

extension of range and diminution of

numbers of, 3.

food plants of, 1.

fungous diseases of, 22.

in California, 18.

inspection of Illinois orchards infested

by,7.

injuries by, 2.

life history of, 17.

list of Illinois localities infested by, 8.

natural checks on multiplication of, 18.

origin and dispersal of, 4.

parasites of, 4, 19.

precautionary and remedial measures
against, 23.

Scale, Howard's, 16. 17.

insects, importation of natural enemies
of, 22.

Minor Fruit, 16, 17.

Pernicious. See San Jos^ Scale.

Pine-leaf, 21.

Putnam's, 16, 17.

Obscure, 16.

San Jose, 1-25. See San Jos4 Scale.

Scurfy, 16.

Schneck,J..10.

Scurfy Scale, 16.

Silkworm, jaundice of, 107.

Smilia misella as enemy of San Jose Scale,

19,21.

Smith, J. B., 17,18.19.

description and life history of Two-
spotted Ladybird cited, 20.

on Aphelinus fuscipennis, 20.

un Rhizobius lophantie as enemy of San
Jose Scale, 22.

on Smilia misella, 21.

on Two-spotted Ladybird, 20.

extract from report. 3.

Report, cited, 422.

Snow, vV. A., V, 48,63,64,65,73.

Soap, Whale-oil. for San Jose Scale, 12, 15.

Solitary wasps, 103. See Odynerus foranii-

natus.

Sphierostilbe ('occophila,22.

flamine!i,22.

var. minor, 23.

Spirea as food plant of San Jose Scale, t.

Sporotrichum, 51, 52, 53, 54, 56, 58, 59, 60, 61, 62, 64,

67, 68, 69. 70, 71, 72, 73, 91, 92, 100.

globuliferum, 37, 55, 59, 63, 64,75-78, 82, 89,

90,101.

Sporozoa,58.

State Horticultural Society, Executive Board
of. 12.
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Stedman, J. M., on agency of birds in distri-

bution of San Jos6 Scale, 3.

Sterigrmatocystis, 94.

Sulphuric acid, commercial, 24.
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INTRODUCTORY NOTE.

Since 1876 the reports of the State Entomologist of Illinois have

been published mainly as appendices to the reports of the State Depart-

ment of Agriculture, an edition of two hundred or three hundred

copies, bound separately, being furnished to the Entomologist for his

personal use. This mode of publication has now been changed in con-

sequence of an item in the general appropriation bill for the expenses of

the State Government passed by the Forty-first General Assembly, mak-

ing special provision for the publication, by the State Agricultural Ex-

periment Station, of Bulletins prepared by the State Entomologist, with a

proviso "that one thousand copies of each of said bulletins shall be

furnished to the State Entomologist in condition for binding and distri-

bution as his biennial report." This appropriation for publication be-

came available July i, 1899, and the present report is the first to be

printed in this new form. The two articles of which it consists were

separately issued as Bulletins 56 and 60 of the Agricultural Experiment

Station, and the reserved copies have now been provided with a special

index and are here issued as an entomological report.



RECENT WORK ON THE SAN JOSE SCALE
IN ILLINOIS.*

{^Aspidiotus perniciosus Cotnsiock.)

The work of this office on the San Jose scale was begun in Septem-

ber, 1896, with the discovery of the scale in Illinois, and an article on

the subject was published in my entomological Report for 1895 and

1896 under the title of "The San Jose Scale in Illinois." This article

was revised in printing to include a general account of our operations

up to October, 1897, and of this report the present one may be regarded

as a continuation. The work here described, like that previously re=

ported, has been in part purely practical and in part scientific. It has

included a continuation of the search for infested Illinois localities and

a thoroughgoing examination of those detected, as begun in 1896; the

inspection of Illinois nurseries and nursery stock as a basis for official

certificates issued to nurserymen; the insecticide treatment of infested

premises in Illinois, undertaken to arrest the spread of the scale in this

State; the collection, study, cultivation, and introduction, into orchards

of two fungus parasites of this scale; field experimentation with special

insecticides and insecticide apparatus; and a study of certain minor

points in the life history and cecology of this insect.

The search for infested Illinois localities has resulted in the dis-

covery of six f points not on the list given in my last biennial Report,

thus making twenty-five| such localities now known in Illinois. A con-

siderable increase of the area known to be infested at four localities

already reported has also been thus made out. The nursery inspections,

forty-three in number, made by my Assistants have covered thirty-four

Illinois nurseries, besides one in an adjacent state examined by special

request and arrangement. The cost of these inspections, as paid by

nurserymen, ranged from $1.50 to $31.73, and averaged $10.43 each, of

* Printed also as Bulletin No. 56 of the Illinois Agricultural Experiment Station,

in August, 1899.

f Now eleven. % Now thirty.



which $5-55 was for traveling expenses and $4.88 for the pay of

inspector.

The insecticide measures undertaken have covered thoroughly and

carefully all the known points infested with the exception of six, at two

of which the distribution of the scale was so widespread that it was

impossible with the funds at the service of the office to go over the

entire ground. At one of these (Richview) the premises worst infested

were carefully treated and all those less seriously involved were sprayed

sufficiently to prevent the spread of the scale from them for the season.

At a second (Sparta) numerous orchard experiments with insecticides

were made and most of the premises seriously infested by the San Jose

scale were thoroughly and successfully infected with two parasitic fungi

causing contagious diseases of this insect. These fungi, both obtained

from Florida on a personal visit of the writer, were distributed to Illinois

orchards partly by direct transfer of twigs and branches bearing infected

scales and partly by means of extensive artificial cultures of the fungi

made for this purpose at my office. Both methods of infection were

entirely successful, and one of these fungous diseases of the San Jose

scale is now well established at both Sparta and Richview.

At Mt. Carmel, the third of these localities, all trees found infested

on our earlier inspections were thoroughly treated except those on one

town lot to which the owner persistently refused us access. Later

examinations have shown, however, that the scale was more widely

distributed at this point, both within and without the town, than was

known to us when this work was done, and much additional spraying is

needed at and near that place.

The occurrence of the scale at Browns, in Edwards county, and

also on a farm near Worden, in Madison county, was not ascertained

until my field parties had been called in, owing to an exhaustion of

appropriations available; and at Villa Ridge, in Pulaski county, reliance

on the efforts of the owner of an infested orchard to clear it of the

scale by cutting out infested trees, proved to be ill founded. His work

was not thoroughly enough done, and the scale still continues on his

premises.*

Our experimental insecticide work was done mainly with kerosene,

either pure or in mechanical mixture with water. We have failed, so far, to

find conditions under which this insecticide may be safely and success-

fully used by orchardists generally for the destruction of scale insects.

The points in the habits and cecology of the scale to which especial

attention was paid were the length of life of the young scale and its

* These premises have since been cleared of the scale by a destruction of every-

thing on the place which could have become infested.
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power of locomotion if born where it could not readily attach itself to a

suitable plant.

Discovery of New Illinois Localities.*

The new Illinois localities found infested by the San Jose scale

since the publication of my last Report are Dundee, in Kane county,

Manito, in Mason county, Assumption, in Christian county, a farm

near Walnut Prairie, in Clark county, one near Worden and another

near Alhambra, in Madison county, a farm near Mt. Carmel, in Wabash
county, and town lots in Browns, Edwards county, f More extensive

occurrence of the scale than hitherto reported was also found at Tower

Hill, in Shelby county, at Mt. Carmel, in Wabash county, at Richview,

in Washington county, and especially in the Sparta neighborhood, in

Randolph county. Near the place last mentioned it has now been found

by my inspectors in more than sixty orchards, scattered over an area of

approximately twenty-five square miles.

At Dundee, in Kane county, the presence of this scale was first

observed in the course of a general inspection of premises made at the

request of the owner November 8, 1897, by Mr. R. W. Braucher, an

Assistant of this office. In one corner of an eight-acre lot was a small

block containing about two thousand trees and shrubs of various kinds,

including apple, peach, plum, cherry, gooseberry, and currant, and a

considerable variety of deciduous trees. This block was slightly infested

with the San Jose scale, occurring mainly on the apple, although a few

were detected on peach and mountain-ash. The infested apple-trees

came originally from a nursery in Missouri some two or three years,

before. It was difficult to believe, however, that they were infested

when received, because of the comparative scarcity of the scale upon

them when discovered in the fall of 1897. None of them were badly

attacked, although in some cases the scale was well distributed through

the top of the tree. A row of apple-trees eight or ten years old

adjoined this block at one end, and short rows of young cherry and

pear were separated from it, at a considerable distance, by beds of

young evergreens. Rose-bushes, syringas, spiraeas, grape-vines, goose-

berries, currants, plums, apricots, hard maples, and ornamental shrubs,

were growing on various parts of this eight-acre lot, but no trace of the

San Jose scale was detected on any of them.|

* See map, Plate I.

f To the above should be added the following localities, discovered since this

manuscript was prepared: Monticello, in Piatt county, a farm near Quincy, in

Adams county, Summerfield, in St. Clair courty, and Albion, in Edwards county.

J These premises have since been completely cleared of the scale by a destruction

of everything on the infested place which could harbor it.



At Manito, in Mason county, on the farm of Mr. P, B. Stem, about

lialf of a twelve-acre peach and apple orchard, and twenty rods of osage-

orange hedge adjoining were quite generally infested by the San Jose

scale. Numerous other osage-orange hedges, extending in all directions

in this infested tract and containing many nests of birds, were not

visibly infested by the scale. The pest was evidently introduced to this

place by means of six apple-trees obtained from the Pomona Nurseries,

in New Jersey, in 1891. These trees were first to die, but later the trees

surrounding them gradually perished.

At Assumption, in Christian county, in a small orchard on a city

lot belonging to Mr, H. Tobias, a pear-tree was found badly incrusted

with the San Jose scale, in the midst of a few other trees, apple, peach,

and cherry, through which the insect was scattered less abundantly.

The pear-tree on which it had apparently been introduced was obtained

by mail from a Philadelphia nursery two years before. It had made but

little growth, and was only about three feet high. Four other pear-

trees received at the same time and from the same firm were not in-

fested.

At Walnut Prairie, in Clark county, two orchards infested by the

San Jose scale were found as the result of a letter of inquiry addressed

to me February i6th by Mr. E. H. Baird, of Marshall, III. One of these

places, belonging to Mr. Kreager, had become infested from the other,

belonging to Mr. J. Cline. On the latter, situated a mile and a half

east of the station of Walnut Prairie, both apple- and pear-trees were

infested, while on the former, plum- and apple-trees and currant bushes

were involved. The precise origin of the scale at this place could not

be clearly ascertained. It was, however, ])robably brought by means of

pear-trees bought from a tree peddler at Marshall.

Knowledge of the occurrence of the scale near Alhambra, in Mad-
ison county, came to nie as a result of a personal inquiry from Mr. !>. A.

Pearce, a farmer of that neighborhood. The infested apple orchard,

owned by Mr. C. S. Frame, is three and a luilf miles northwest of

Alhambra. About thirty trees, all large, were very badly infested,

together with several large elm-trees near the orchard. The former

owner of this place, from whom Mr. Frame had bought it a few months

before, had obtained his trees from a great variety of sources, and it

was consequently impossible to trace this outbreak to its origin.

The occurrence of the scale in an orchard near Mt. Carmel was

reported by Dr. J. Schneck of that place and verified by a visit of

inspection made by my Assistant, Mr. Braucher, in October, 1898. It

is there well distributed among about four hundred trees belonging to

Mr. C. C. Lingenfelter, on a farm about two and a half miles from town.
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These trees were bought in 1893 of a traveling agent for the nursery of

John Slebenthaler, at Dayton, Ohio.

At Browns, the scale occurs on peach, plum, and pear, a fact ascer-

tained by Professor T. J. Burrill while attending a Farmers' Institute at

Albion, and verified by him and Dr. Schneck by the examination of

several infested twigs.

. At Worden, the scale was found September 23, 1898, by Mr. Green

in a farm orchard belonging to Mr. C. C. Hoxey, living in the outskirts

of the town. It was evidently conveyed to this orchard by means of a

plum-tree and several June-berry trees (^Ainelancliier') from the farm of

Mr. C. S. Frame, near Alhambra, reported above. In Mr. Hoxey's

orchard the scale was very generally distributed through some two hun-

dred fruit trees of various kinds, some but slightly infested and others

badly incrusted.

Increased Area Infested in Old Situations.

At Monroe Center, in Ogle county, where only a single infested

tree had been found the year before, as stated on page eight of the

Twentieth Entomological Report, Mr. Braucher found November 18,

1897, a pear-tree, some scattered pear sprouts, and two Rocky Mountain

cherry-trees slightly infested with the scale.

On Mr. Jacob Winzeler's place, near Tremont, in Tazewell county,

where only half a dozen trees (Japanese pears) had been previously

found infested, it appeared by an inspection made December 2, 1897,

that the San Jose scale was obscurely present in different parts of the

orchard on plum and peach, some of the latter from fifty to seventy-five

feet distant from the pear-trees worst infested.

At Tower Hill about eighteen infested cherry-trees were found on

the premises of Mrs. J. Connor, living near the village. The origin of

this colony could not be ascertained. The infested premises of Mr.

Grisso, mentioned in my last Report, were at a distance of three miles

from the town. Careful inspection of the latter place, made by both

Mr. Green and Professor Summers, covering all trees in the vicinity of

those originally infested, resulted in the detection of no dispersal of the

scale except to one tree, at some distance, which had been grafted with

a scion from one of the infested trees. This was said to be the only

scion that had been cut from these trees originally infested by the San

Jose scale.

Conditions at Ernst, as reported by Mr. Braucher January 17, 1898,

were particularly instructive. As stated in my article for 1896 (see

Twentieth Report, page 9), only one infested tree had been originally

reported from this place, and this had been at once thoroughly destroyed.
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A careful inspection made by an office Assistant some months later dis-

covered no others in this entire neighborhood; nevertheless on the date

of Mr. Braucher's visit, several pear-trees and one peach-tree in the

immediate vicinity of the tree originally attacked, and a plum-tree two

or three hundred feet from it, were all found slightly infested, the plum-

tree evidently by means of nesting birds. On this the scales were

clearly most abundant on the forking branch of the tree supporting a

last year's nest.

At Richview, where but three colonies had been previously reported,

—one of which proved upon more critical examination to be an allied

scale,—fourteen colonies of the San Jose scale on as many different

premises were finally found. All these were in the vicinity of the town,

and so far as known all had been derived from a common source.

Careful study of this district suggested some interesting queries

with respect to the mode of distribution of the scale and to variations

in its attack. It was found, for example, to be very much more abund-

ant in infested orchards upon young trees than upon old and large ones

immediately adjacent. Indeed it was often impossible to find it upon

any part of large trees standing beside small infested ones at so short a

distance that the young must have been frequently conveyed to the

larger trees. It seems possible that in such case the young scales per-

ished because they were unable to reach a part of the tree from which

they could draw sap. In several instances small numbers of the San

Jose scale were found in the midst of orchards of considerable size at

distances as great as half a mile from the nearest infested premises, and

in others the scale was very sparsely distributed over a considerable part

of an orchard not otherwise infested. Observations to this effect were

made only in districts where the scale had become decidedly abundant

and destructive at several points. It seems, in fact, to spread slowly

and steadily from the points of first introduction until it reaches a certain

abundance, when its distribution becomes so rapid and general that the

attack may almost be said to become epidemic. Three methods of dis-

tribution may be suggested in explanation of these facts: the well-known

transfer by means of nesting birds; the probable transfer of the freshly

hatched young by strong and long-continued winds; and the passage

of human beings, particularly during the season of fruit harvest, from

infested orchards to others in all directions and to considerable dis-

tances. It will be seen at once that whenever this stage of general,

sparse, and obscure dispersal has been reached, the complete extermina-

tion of the scale in that locality is hardly to be expected without most

thoroughgoing, oft-repeated, and long-continued insecticide measures.

Serious as was the case at Richview, that in the Sparta neighbor-



hood was very much worse, for there a general survey of the region

made by an experienced observer, Mr. R. W. Braucher, resulted in the

discovery of the San Jose scale in larger or smaller numbers on no less

than sixty-five farms distributed over an irregular area of about twenty-

five square miles. Moreover, his inspection was incomplete, and the

area infested is possibly still considerably larger. In one case the scale

was even found abundant in a roadside hedge at a distance of a quarter

of a mile from the nearest orchard; and as this whole region still

retains a considerable amount of the forest which originally wholly

covered it, there is undoubtedly in this district a general scattering of

the scale which no inspection would detect. Its complete extermination

here I judge to be impracticable without an expenditure of several

thousand dollars and the adoption of drastic measures similar to those

applied in the East for the destruction of the gypsy moth.

Inspection of Nurseries.

The widespread and active public discussion of the San Jose scale

during recent years has had the effect to alarm many prospective pur-

chasers and in many cases to prevent or postpone purchase, and to

arrest the planting and extension of orchards. Several illustrations of

this fact have come to my office in the form of inquiries concerning the

damage to be anticipated in planting or developing orchards at speci-

fied localities in this state and concerning the presence of the scale in

specified nurseries, which inquiries were sometimes accompanied by a

statement that contemplated purchases would be deferred until my
reply was received.

Further, several states to which our nurserymen are accustomed to

ship stock, in some cases amounting to considerable annual sums, have

passed laws prohibiting the importation into those states of any nursery

stock not covered by an inspector's certificate of freedom from injurious

insects. In all such cases regular inspection of nursery stock grown

within their own limits is of course provided for by law, but no such

provision being made in Illinois, both local and outside trade was be-

coming seriously embarrassed for lack of a system of inspection which

would give assurance of protection to purchasers and enable nurserymen

to meet the requirements of the export trade. Having at my call or

already engaged under my direction trained, trustworthy, and experi-

enced entomologists, capable of making expert inspections upon the

results of which I felt entirely willing to base official certificates signed

by myself as State Entomologist, it seemed possible to meet the some-

what difficult situation, outside any requirement of law, by volunteering

the services of the office to nurserymen on condition that the expenses
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of inspection and travel were borne by those whose business was facili-

tated and whose interests were served by the official certificates to be

issued. Conseciuently, after advising with leading horticulturists and

nurserymen and with the Governor of the State, I issued in J^ilyj i897)

a circular notice concerning the San Jose scale and other fruit insects,

containing the following paragraph:

"As a guarantee of the freedom of Illinois nursery stock from this and other

notably injurious insects likely to be conveyed in trade, the Entomologist offers to

inspect the premises of nurserymen and other dealers at least once each year, and to

give to the owner after such inspection a certificate setting forth the precise facts

apparent with respect to the presence or absence of the San Jose scale and other

insects dangerous to the property of customers. Such inspections will be made and

such certificates issued only on application to this office, and on condition that the

actual traveling expenses of the inspector and 2. fey diem of three dollars* are paid

by the owner of the inspected property. Special inspections of nursery stock

imported for sale will also be made, so far as this may be practicable, on the same

conditions and terms; but to insure such inspections requests should be made as long

as possible in advance of the receipt of importations, with at least an approximate

indication of the time when they are expected to arrive. Trips may thus be arranged

which will provide for the largest possible number of inspections, and reduce the

cost of each. Statements of receipts and expenditures under this head will be

reported to the Governor and published in the regular reports of the State Entomolo-

gist of Illinois."

Numerous applications were received in response to this proposi-

tion, and twenty Illinois nurseries were inspected between August 10,

1897, and April 25, 1898. The form of certificate issued to those whose

premises were found free from dangerous insect pests was substantially

as follows:

'

' This is to certify that on an Assistant of this

office, acting under my direction, examined the growing stock in the

nursery of , and found no indication

of the San Jose scale or of any other dangerous irisects likely to be

transported to the injury of customers.

"This statement is invalid after July i, 1S98 [or 1S99J.

S. A. FORBES,

State Entomologist.
"'

This form was slightly modified in individual cases to meet varia-

tions in condition and reepiirement. In some cases, for example, the

stock was inspected after removal from the ground, exposing the roots

to examination, in which case the certificate was so framed as to show

that fact. In other instances, the occurrence of some of the ordinary

* Four dollars in li
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injurious insects of the region capable of being conveyed on nursery

stock to premises free from them necessitated a limitation of the terms

of the circular to the insects or classes of insects absent from these

premises, or, if present, incapable of transportation in the nursery trade.

No certificate was issued, however, which did not testify to the appar-

ent absence of the San Jose scale. This insect was found, indeed, in

only one Illinois nursery, and this was one which made a specialty of

evergreens—not subject to attack by that scale.

It was supposed that these inspections would commonly be made

at or near the close of the growing season, when all important insect

injuries of the year would be conspicuous and when, furthermore, the

results of an inspection would remain good until the growing season of

the following year was fairly well advanced. A certificate issued upon

such inspection would apply to both the fall shipments of the current

year and the spring shipments following, but would be valid no longer.

The Illinois nurseries inspected during the period just mentioned

were, as already said, thirty-four in number, ten in the northern, seven-

teen in the central, and seven in the southern, part of the state. Eleven

of these nurseries were inspected in 1897, and nine of these eleven with

twenty-three others, or thirty-two in all, in i8gH. The total number of

nursery inspections for the two years was therefore forty-three. Four-

teen of these inspections were made by Prof. H. E. Summers, fourteen

by Mr. R. W. Braucher, eleven by Mr. E. B. Forbes, and four by Mr.

E. C. Green. During 1897 Messrs. Braucher and Forbes were regular.

Assistants of the office and were detailed for service as inspectors as

calls came in. They received personally the J>e/' diem earned, their

regular monthly salaries being suspended for the time devoted to this

inspection work. Professor Summers, on the other hand, was not at the

time on continuous salary, and was engaged only as needed for this

service. In 1898, Mr. Braucher was engaged as needed for necessary

inspection, and paid only from the fees; Mr. Forbes was so engaged

and paid for a part of his inspections, and for the remainder, while in

service as a State Laboratory .\ssistant, he received the fee, the time so

paid being deducted in computing his monthly salary.

The total expenditures on account of inspections were $448.30, of

which $209.45 were paid for services of inspectors, the remainder

($238.85) being for expenses of travel. The average cost per inspection

was thus $10.43. The receipts from nurserymen were $429.55, leaving

a balance of $18.75 P^i<^ personally by the Entomologist to inspectors

and not repaid by nurserymen.



Expenses of Nursery Inspection, 1897 and iJ

Nurserymen.

W. A Watson & Son..
Phoenix Nursery Co . .

Bryant & Son
F. S. Phoenix
W. H, & A. L. Tincher
Geo. Gould & Son. . .

.

C. H. Webster
Augustine & Co
Theo. Bechtel

J. Husband
A. L. Klank
P. S. Peterson & Son. .

J. \V. Miller Co
H. R. Cotta
Lebkicher & Spitler . . .

J. V. Cotta

J. C. Vaughan
H. Schroeder
R Douglas' Sons
Rob't C. Uecke

J. C. Vaughan
R. Douglas' Sons
Spaiildiui,' i\iirs. & Orch. Co. . .

.

Phoenix Nursery Co . .

W. W. Thomas
J. H Bradly
D. W. LeibctSon
W. A. Watson & Co. .

.

Rob't C. Uecke
Galeener & Thacker . .

F. S. Phoenix
Augustine & Co
Arthur Bryant & Son.

.

Alpha Nursery Co. ..

I. .S. Fresf (Forest Oak Nursery).

GustavKlarner(Quincy
Star Nurseries)

Hollard, E
Burton & Son
Theo, Bechtel
P. S. Peterson & Son. .

Custer Brothers
Missing Link Apple Co.
D. Hill

Normal
Bloomington
Princeton. . .

Bloomington
Decatur

I
Villa Ridge..
Centralia . .

.

Normal
Staunton. . . .

Leanderville
Champaign .

Chicago . . .

.

Freeport. . . .

Freeport. . . .

Freeport. . . .

Nursery . . . .

Chicago . . .

.

Bloomington
Waukegan . .

Harvard. . .

.

Chicago
Chicago
Spaulding . .

Bloomington
Makanda. . .

.

Makanda. . . .

Makanda
Normal .....

Harvard . . .

.

Vienna
Bloomington
Normal . . .

.

Princeton . . .

Alpha .....

Coatsburg. . .

Quincy
Melville

Upper Alton
Staunton . . .

Chicago
Normal
Clayton
Dundee

Date of

inspection.

Aug. 10,

13.

20,

Sept. 10,

" 24.25
Oct.

April

Aug.

16,

29,

Mar. 7, 8,

10,

10,

II.

12,

14.

4.

19.

25.

25.
" 27,

30,

Sept. 1-4,

5.

5.

6,

" 6, 7,

7.

7.

8,

9.
" 15.16,

" 17.

19.

21,

26,

26,

29.

4. 5.

" 7.8,
" 22,
" 28,29,

Oct

Inspector
Rec'd from
nurserymen.

97 H. E. S.

97 H. E.S.
H. E.S.
H. E. S.

R.W. B.
R W. B.
R.W. B.
H. E. S.

H. E. S.

R.W. B.
H. E.S.
H. E.S.
H. E.S.

98| H E. S.

98' H. E.S.
98 H. E.S.
98 H. E. S.

98 H. E. S.

gS E. B. F.

98 E. B. F.

981 E. B. F.

98; E. B. F.

98 R.W. B.

R.W. B.
E. B. F.

E. B. F.

E. B. F.

R.W. B.
E C.G.
E. B. F.

98'.R W. B.
98! R.W. B.

981 R W. B.

98! R.W. B.

98 R W B.

98J
R.W. B.

98! E. C. G
98' E. C. G.
98: E. C. G.

98 E. B. F.
R.W. B.

E. B. F.

E. B. F.

» 9-03
20.73
15-95
12.56

4.00
6.13
15.61

13.84
3.00
1.50

8.75
6.50
6.50

8^95
7-75
6.66
18.76
21.07
11-93

13-73
10.92

31.73
3.04
3.04
4.51
8-54
2.00
10.09
6.00
6. 10

16.50

7-59
12.69

13.44
3-29
3.29
2.00
19.66
12. II

19.25
20.81

Paid
inspector.

$ 9-03
20.73
15-95
12.56
12.25
4.00
6.13
15.61

13.84
3.00
1.50

8. 75
6.50
6.50
6.50
8.95

7.75
6.66
18.76
21.07
11.93

13.73
10.92

31-73
3 04
3.04
4.51
8-54
2.00

10.09
6.00
6.10
16.50

7-59
12.69

13-44
3-29
3-29
2.00
19.66
12. II

19.25
20.81

In nearly all cases the nursery stock examined was still standing in

the rows; a fact which made it usually impossible to ascertain anything

directly with regard to the condition of the roots. Indeed, any practi-

cable inspection of large nurseries can give at best only a rather loose

approximation to a knowledge of injurious insects infesting them—at

least on a small scale and to an obscure extent. Our inspectors could

only walk through the nursery plats back and forth at intervals of

several rows of trees, judging of the general condition of the planta-



tion, stopping now and then to examine an individual tree, and giving

careful attention only to trees whose general appearance indicated the

possibility of insect injury. Of course no premises were found entirely

free from insects commonly classed as injurious. In the great majority

of cases, however, those present were kinds which would necessarily be

left behind in the shipment of clean young nursery trees, and without

exception all were common widespread insects of the region or of the

state at large.

It is clear, however, that no certificate, however carefully it maybe
drawn, or however thoroughgoing may be the inspection upon which it

is based, should be taken as more than presumptive evidence of the

entire absence of seriously injurious insect pests. Indeed, in the hands

of any except a thoroughly reliable and honest nurseryman it is

entitled to no credit whatever, but may be even worse than no certifi-

cate at all, since it would be perfectly easy for an unscrupulous dealer

to deceive first the inspector and then his customer, and this with little

or no danger of detection. The inspector, of course, must take the

word of the nurseryman as to the extent of his property, and can only

presume that he has seen all the stock from which the owner is likely to

draw for sale, for if deceived in this regard he has usually no means

of detecting the deceit. On the other hand, there is no certain means

of limiting the use of the certificate to stock actually grown by the nur-

seryman or on the grounds where the inspection was made. Duplicates

of it may be used, with perfect security from detection, upon any stock

from any source, received perhaps long after the last inspection was

made. So far as the official certificate tends to give a sense of security

to the customer in dealing with a nurseryman he does not know or in

whom, if known, he does not have full confidence, it is undoubtedly an

evil instead of a benefit; but notwithstanding these drawbacks to its use,

it will be difficult, I think, to devise any satisfactory substitute for it,

as it is now commonly worded and as it should be generally understood.

Insecticide Treatment.

Heretofore and in other states under circumstances such as existed

in Illinois in 1897, either nothing has been done in the general behalf,

the San Jose scale being left to the care of individuals acting in their

own interest, or laws have been passed establishing some state authority

competent to deal with the economic situation. In Illinois an attempt

was made to secure such thoroughgoing legislation at the biennial ses-

sion of the state legislature for 1897. A bill establishing a state board

of horticulture with ample powers of inspection and police was intro-

duced in both houses and passed the senate by a unanimous vote.



but was vigorously opposed while in the house and finally failed in

committee, the only immediate result of the effort being an item in the

general appropriation for the expenses of the state government appro-

priating $3,000 to the State Entomologist " for experiment, publication^

and instruction concerning the San Jose scale, and for the inspection

and disinfection of orchards and nurseries."

It thus became a part of the duty of the Entomologist to do every-

thing possible to exterminate the San Jose scale in Illinois wherever it

had been or might be detected or, if destruction should prove impracti-

cable, at least to check its multiplication and spread as vigorously as

possible, and to give to owners of infested premises full instruction with

respect to precautionary and remedial measures. It was also clearly

intended that the office should act to protect the state as far as practi-

cable against the dispersal of the scale through the nursery trade.

With a view to the discharge of these duties the following circular was

issued in July, 1897:

.An appropriation of $3,000 was made to the State Entomologist of Illinois by the

General Assembly at its last session, " for experiment, publication, and instruction

concerning the San Jose scale, and for the inspection and disinfection of orchards

and nurseries." It is the earnest desire of the Entomologist that this sum may be

used to the best advantage to disclose the present condition of the fruit interest of the

state with reference to this pernicious insect; to exterminate the scale promptly

wherever in Illinois it has been or may be found; to protect the nurseryman and

fruit grower as far as practicable against the chance of future invasion; and to assure

the customers of Illinois nurserymen and of other dealers in fruit plants that Illinois

stock offered for sale is free from this pest.

It was the evident intention of the legislature to trust the control of this important

matter to the public spirit and enlightened business enterprise of the private citizen,

aided in every practicable way by the official Entomologist. It is the purpose of this

circular to make to all interested a cordial offer of information, advice, aid, and super-

vision of insecticide operations, as far as the resources at our disposal will permit; and

also to ask early and full information from all concerned with reference to the occur-

rence or introduction, known or suspected, of the San Jose scale in Illinois.

Location of Colonies.

It must be our first endeavor to discover promptly and to locate exactly all the

colonies of this insect now established in the state. Eighteen such colonies have

already been found, nearly all by an inspection of premises to which we have had

reason to believe that nursery stock was imported at a time when the nurseries from

which it came were infested by this scale. It is of great importance that we have at

once full information concerning all importations into the state from places and at

times such as to make it possible that the San Jose scale was conveyed by their means.

I consequently earnestly request all to whom this notice may come that they will send

to this office prompt and precise information with regard to the importation into

Illinois of nursery stock or other trees or plants subject to its attack, which were

grown in any of the following localities within the time mentioned aftereach: Cali-

fornia, since 1873; eastern New Jersey, between 1886 and 1894; Maryland since 1887;
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Florida, since 1889; Washington State and Ohio, since 1890; Georgia and Louisiana,

since 1891; Long Island, N. Y., since 1892; Delaware and eastern Massachusetts,

since 1893.

The plants thus far found subject to injury by the San Jose scale are the apple,

pear, peach, apricot, plum, cherry, quince, grape, raspberry, blackberry, gooseberry,

currant, and persimmon, among our fruits; the chestnut, hickory, pecan, English

walnut, black walnut and almond among the nut-bearing trees; the oak, basswood,

elm, catalpa, birch, poplar, and willow among our shade and forest trees; and a large

miscellaneous list of trees and shrubs, including the rose, thorn-apple or red haw,

crab-apple, wahoo, spirsea, loquat, cotoneaster, flowering quince, flowering currant,

acacia, alder, and sumach. This insect also seriously infests the osage orange,

spreading with the greatest facility through the thick growth of the wayside hedge.

It is very important that all supposed or possible cases of the appearance of the

San Jose scale in Illinois be reported at once to this office, accompanied by twigs or

pieces of bark illustrating the supposed attack. To all communications accompanied

by such specimens prompt reply will be made, and enfergetic measures for its

destruction will be taken wherever the scale is thus detected.

EXTERMINATON OF THE SCALE.

To owners of premises on which this scale is found the Entomologist will give all

information and assistance necessary to the prompt extermination of the pest, sending

an agent to inspect the situation and surroundings, to give personal instruction as to

methods of procedure, and to supervise and direct insecticide operations. An effi-

cient spraying apparatus will also be furnished for use where this cannot otherwise

be readily obtained. This proposition is made on the sole condition that the owner
will destroy stock hopelessly diseased and will provide the necessary insecticide and

the labor for its preparation and for its distribution to infested stock, and that the

whole operation will be carried on and continued to the satisfaction of a representative

of this office. Experience elsewhere has shown that expert assistance of this sort is,

as a rule, necessary to insure success; and expenditure of public money in such an

interest can be justified only on condition that everything is done needful to the

accomplishment of the end desired.

The San Jose scale is commonly regarded by those best informed concerning it

as the most dangerous and injurious insect enemy of American fruits. It now occurs

in Illinois in comparatively small colonies, where in most cases it can probably be

exterminated at small expense. Considering the enormous loss which is likely to fall

upon the horticulture of the state if this highly destructive insect is allowed to spread

generally throughout our orchards and to infest our nurseries, it is to be hoped that

every person upon whose property it appears will regard the situation in the light of

the public welfare as well as in that of his private interest, and that he will take

without hesitation such measures as may be necessary to protect both.
* * * # * * *

Bulletin of Information.

An illustrated bulletin of information concerning the San Jose scale and its dis-

tribution in Illinois has been published by the State Agricultural Experiment Station

(Bulletin No. 48), and will be furnished on application to Prof. Eugene Davenport,

Director of the Station. A later and more comprehensive article upon the subject

will appear in the forthcoming biennial report of the State Entomologist, which will

probably be ready for distribution this fall. *

*For omitted section see page 8.
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In accordance with the propositions of this circular, preparations

were made during the summer of 1897 for a thorough and general in-

secticide treatment of all infested premises, to begin as soon as the

leaves had fallen from the trees, this postponement being essential to

any reasonable assurance that all the scales on an infested tree would

actually be reached.

Description of Apparatus.

The principal apparatus used is a large and complicated machine

sprayer consisting of a one-horse power gasoline engine, a three-cylinder

force pump, and a large double galvanized-iron tank with a powerful

gasoline heater beneath for making the solution of whale-oil soap.

Besides this apparatus, intended for use in large orchards or in com-
munities where a considerable number of infested places were separated

by short distances, we had in use from one to three hand-sprayers of

the kind ordinarily used in orchard work.

The machine sprayer (Plate II.) is mounted on a two-horse baggage

wagon, under the seat of which are placed the battery and the gasoline

tank to supply the burners. Immediately back of these, on the first

third of the floor space, is the engine. The large heating tank comes
next. It is set close to the right side that there may be room on the

left for the belt which connects the engine with the pump. The pump
occupies the remaining room in the back. The wagon thus loaded

weighs 2,400 lbs.

The gasoline engine (Plate III., Fig. i) which drives the pump wa?

manufactured in the University Shops. It has a four-inch cylinder with a

four-inch piston stroke. The gasoline vapor is made by the flow of air

over a gasoline jet from a needle valve on the right side, this jet being

caused by gravitation from a supply tank placed higher than the engine and

above the wagon seat. Gas is drawn into the cylinder from the vapor

chamber to fill the partial vacuum caused by the previous explosion, a

valve to allow this being opened each time the piston passes the center.

The vapor when under a back pressure of forty pounds is exploded by

an electric spark caused by an inter-cylinder contrivance making and

breaking the current from a sixteen-cell battery. The pulley wheel is

nine inchesin diameter and makes about four hundred revolutions per

minute. The engine is rated at one-horse power.

Just back of the engine is the tank, firmly attached to a three-

eighths by one and a fourth-inch iron frame raised sixteen inches from

the floor of the wagon. There are six legs of the same material as the

frame, each bolted to the floor. Beside these legs two braces extend

forward from the upper part and are bolted to the flour, one on either
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side of the base of the engine. The tank is of heavy galvanized iron,

fifty-six inches long by twenty- six inches wide, and twenty-seven inches

deep. Its capacity is one hundred and seventy gallons. A partition

runs crosswise through the middle, and each section thus made has a

twelve-inch opening in the top and a cap for the same. In the left-hand

corner, toward the rear, each section empties through an inch pipe inta

the system leading to the pump. A valve on this pipe admits the shut-

ting off of the section from the feeding system at will. Another valve

allows the direct emptying of the section without passing its material

through the pump. Each section of the tank is provided with like valve

and arrangements, and contains a strainer so placed that all liquid pass-

ing to the outlet must run through it.

Beneath the tank are two sets of gasoline burners (Plate III., Fig. 2),

each set having twelve burners, all constructed on the same principle as is

the common plumber's torch. Gasoline comes to them through a pipe

on the right side of the wagon from a tank under the seat. To this tank is

attached an air pump and a pressure gauge. While in use a ten-pound

pressure is maintained. By means of valves, one or both sets of burners

maybe in use at one time, and the construction is such that each burner

may be shut off or caused to burn low. The floor of the wagon under

the tank is thickly covered with asbestos and cement, which protects the

wood and forms a foundation for the pipes which support the sets of

burners. Within the iron frame are two side- and two end-strips of gal-

vanized iron which protect the burner flames from wind and help retain

the heat beneath the tank.

The pump is of the triplex type, having three one and three-quarter

inch-cylinders capable of a two and a half-inch-piston stroke. The
pumping capacity is 0.07 gallon per revolution of crank shaft, or from

2.8 gallons to 4.2 gallons per minute when run within recommended
speeds, and the pump will operate against one hundred and fifty pounds
per square inch. A one-inch feed-pipe enters from the tank, which is

elevated, in the manner stated, above the body of the pump. The dis-

charge may be through a one-inch pipe or through the series' of four

quarter-inch cocks arranged on a cross-pipe which is connected with

the one-inch discharge. The belt runs on a twelve-inch pulley with a

two and a half-inch face. There are two pulleys, one loose on the

shaft.

A three-eighths inch pipe is connected up with the discharge and

the water jacket of the engine cylinder, and this cylinder again with the

feed-pipe, thus allowing a flow through the water jacket. The rate of

this flow is governed by a shut-off valve on the jacket feed-pipe near

the cylinder. When only two quarter-inch hose are in use this valve
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maybe opened sufficiently to cause not only the circulation in the water

jacket, but also to relieve the increased pressure on the two hose.

Beside the main parts of the outfit, as above mentioned, there are

two tool boxes, about one hundred and fifty feet of three-ply quarter-

inch rubber hose, poles and extension rods for spraying higher parts of

the trees, pails for carrying water, and gasoline cans.

The larger tool box is 8.5 in. x 41 in. x 32 in. outside measure,

and was made in this form that it might occupy the space between the

tank and wagon box, on the left, when moving from place to place. In

this box are the work clothes, a spade, hatchet, nozzles, reducers,

wrenches, wire-cutters, packing, screw-driver, and other articles used

in connection with the spraying operation. The smaller box is 12 in.

X 19 in. X 20 in., and was made to occupy the space between the engine

and the tank. It contains the oils and smaller renewal parts for the

engine.

A large tarpaulin covers the whole apparatus, and by means of

short ropes attached to its edges may be securely fastened to the wagon-

box, so that in shipping, engine, tank, and machinery are all under

shelter and protected from the weather.

Details of Treatment, with Results.

At Dundee, Kane county, all the trees (apple, peach, and mountain-

ash) upon which the San Jose scale could be discovered were dug out

and destroyed in the presence of my Assistant, Mr. R. W. Braucher,

November 20, 1897. Everything in the block of trees in which this in-

fested stock was found was, in fact, so destroyed at this time except

some shade trees—black walnut, horse chestnut, white elm, hard maple,

birch, and basswood, and these were thoroughly sprayed with whale-oil

soap. A few white-ash seedlings in this block were not sprayed. The

apple-, cherry-, and pear-trees in the vicinity, and scattered soft maples,

rose-bushes, and syringas next the infested block were sprayed, leaving

without treatment only the ornamental shrubbery farthest from the trees

infested.

These premises were very carefully inspected again September 7,

1898, by Mr. E. C. Green, of my office, and still more fully, October

28 and 29, 1898, by Mr. E. B. Forbes, the first inspection to ascertain,

for my own information, the effect of the insecticide procedure there,

and the second, made at the request of the owner, to serve as a basis

for a certificate of freedom from the San Jose scale and other injurious

insects and fungous diseases. Both these skilled and careful observers

reported after this interval of nearly a year from the time of treatment

that there was no trace of the San Jose scale to be found on these
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grounds; but to make assurance doubly sure I required the destruction

of all stock on tlje infested premises which could possibly harbor and

maintain the scale, designating the various lots and kinds of trees and

shrubbery objected to. This requirement had been made good by January

1 6th, and an unqualified certificate of apparent freedom from the San Jose

scale and from all other dangerous insects and from fungous diseases

capable of being transported with nursery stock to the injury of cus-

tomers was issued under that date.

At Monroe Center, in Ogle county, the single pear-tree originally

first infested had been cut off close to the ground and burned by the

owner, and the bark had been removed from the stump for some dis-

tance below the surface. Two shoots three or four feet high which

afterward grew up from this stump in the summer of 1897, showed no

signs of the scale November i8th of that year. Traces of the scale were

found, however, on two eight-year old Rocky Mountain cherry-trees

and on some sprouts of another pear-tree near by. All the infested

bushes and trees on this lot and everything near by were thoroughly

sprayed at this time with whale-oil soap—one hundred and fifty trees

and shrubs in all, including peach, pear, cherry, apple, and plum, grape,

goosebery, currant> Rocky Mountain cherry, etc., and not a scale could

be found on these or on any of the surrounding vegetation by Mr. Green,

who visited this place September 9, 1898, for the purpose of ascertain-

ing the effect of the treatment.

On Mr. Jacob Winzeler's place, two and a half miles south of Tre-

mont, everything on the premises liable to attack by the scale was

sprayed with whale-oil soap by Mr. Green March 28, 1898. Nine hun-

dred and forty fruit-trees and shrubs were thus treated, and also fifteen

large maple-trees about forty feet high. On a visit of inspection made

nearly six months later (September 14th) Mr. Braucher reported that he

found a few living young San Jose scales, about half grown, on three

large peach-trees, but that otherwise the premises seemed free from the

scale. The large maple-trees had been badly damaged by the spray,

many of the lower branches having been killed, evidently by the drip

from the branches above.*

On Mr, P. B. Stem's place, three and a half miles north of Manito,

two hundred peach-trees and twenty-five apple- and quince-trees were

cut out, and also twenty rods of osage-orange hedge. Nine hundred

trees were treated in^his orchard, ranging in age from six to ten years.

As none of these had ever been trimmed, about three days' work of four

men was required to prepare them for treatment: The spraying upon

the 7th and Sth of April, 1898, was followed by a heavy shower in the

* All infested trees since destroyed.
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night, and the whole orchard was consequently sprayed again, the work

being finished April nth. Five months later, September 14-16, 1898, a

critical inspection of this whole orchard was made by Mr. Green. On
one peach-tree six living scales were found on new wood; on eight other

peach-trees one or two scales each were found; and on each of six

others from one to seventeen scales remained—mostly on new wood but

some under bits of bark on the older growth. On a single peach-tree a

colony of one or two hundred scales was found upon a branch, a part

of which had evidently escaped the spray. Except for this single colony

the total number of scales found on a very careful search of everything

in and near this orchard which had been previously infested resulted in

the discovery of about fifty living scales.

According to the report of Mr. Braucher, as summarized in my
last entomological Report (page 15), about ninety-nine per cent, of the

San Jose scale in the orchard of Mr. Kiem, near Quincy, had been

killed by two successive sprayings with whale-oil soap, made in the fall

of 1896 and the spring of 1897. That this was not an overestimate of

the efficiency of the treatment is shown by the report of Mr. Green,

who visited this orchard April 13, 1898, and upon a rigid examination

could find no living scales on the premises except on the trunk of one

small apple-tree. He proceeded, according to his instructions, to treat

thoroughly a third time all the trees (twenty in number) which had

originally been badly infested, first scraping the trunks and removing

the earth from about the bases. Hot soap solution was brushed on with

stiff brooms up to the uppermost twigs, and these were sprayed except

in a few cases where they were perfectly fresh and bright, evidently

never having had any scale upon them. A very critical examination of

this orchard made September 20, 1898, by the acute and careful in-

spector, Mr. R. W. Braucher, showed that the San Jose scale in this

orchard was, however, far from being exterminated, living scales being

detected on several apple- and peach-trees which had been badly infested

when the treatment of this orchard began. One apple-tree had been so

badly incrusted with the scale that especial pains was taken to treat it

thoroughly. The limbs were cut back to a few short stubs, the bark

was scraped, and the tree was thoroughly coated with strong soap solu-

tion by means of a brush. Pieces of bark clipped from this tree showed,

nevertheless, that it was still slightly infested by the scale.

At Paloma, visited April 17th, where one infested tree had been

previously found, no scale could be detected. This tree had been taken

out and burned, and others near it had been twice sprayed by the owner

with whale-oil soap.

Mr. Lowe's orchard of five acres at Auburn, in Sangamon county,
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was found by Professor Summers very generally infested, together with

a hedge adjoining. This whole orchard and two rows of another

orchard adjacent to it, not infested, were thoroughly sprayed by Pro-

fessor Summers the first week in January, 1898. The infested hedge

was not treated, as the owner promised to destroy it. September 17,

1S98, it was found by Mr. Green that this orchard was by no means
free from the scale, a considerable number of trees—apple, pear, peach,

and plum—still showing from one to a dozen, twenty, or more, living

scales. A few scales were also found upon apricot trees in an old

orchard near by which was not treated by Professor Summers. The
situation at this place was on the whole quite unsatisfactory, and the

premises will doubtless become thoroughly infested again within the

course of two or three years unless additional measures are taken for

the destruction of the scale. The infested hedge mentioned above had
been twice cut down, but had not been killed.

The infested trees on Mr. Henry Archer's place, two miles from

New City, in Sangamon county, were scattered through the western end

of an orchard of about five acres. These we're mostly young, but a few

of them were large peach-trees, and others were of various sizes inter-

mediate. All the very badly infested trees were, however, very small,

and the scale had apparently spread but a short distance from them.

About sixty trees were sprayed in this orchard in January, 1898, includ-

ing, of course, all those visibly infested but going some distance beyond
them. September 18, 1898, about seventy trees were found still infested

with the scale, commonly not more than from ten to twenty specimens

on a tree. It was also found in an old orchard adjoining the one prin-

cipally infested and which had not been sprayed by Professor Summers
in January.

At Assumption, in Christian county, the entire small orchard be-

longing to Mr. Tobias on a city lot on which a single infested tree had
been found, was sprayed February 12, 1898, by Mr. Green, and the

pear-tree on which the scale had been brought to these premises was

dug out and burned. This tree was one of six obtained by mail from

a Philadelphia dealer. The remaining five were found in the hands of

other citizens, all free from the scale except one belonging to Mr. Hiram
Hooten, which bore a few specimens sufficiently like the San Jose scale

to give ground for suspicion. This tree was thoroughly sprayed by
Mr. Green. September 20, 1898, on a single tree (a quince) Mr. Green
found one San Jose scale; otherwise the trees on Mr. Tobias's lot

seemed free from the scale.

At Tower Hill early in February, 189S, two trees on Mr. Grisso'a

place were cut out and burned, six were thoroughly sprayed with soap



solution, and others adjacent were partly sprayed. On Mrs. Connor's

place one tree was dug out and seventeen trees were sprayed. Septem-

ber 2 1, 1898, Grisso's place was found in rather bad condition. On
three of the trees sprayed in February from three to eight living scales

were detected by Mr. Green; on two adjacent trees not sprayed the

San Jose scale was found, the trunk of one being covered and its upper

branches infested; and on another part of the place, a hundred rods

from the infested trees above mentioned, three trees were found badly

incrusted with the scale, one an apple, one a plum, and one a flowering

quince. It is probable that the scale is generally distributed on Mr.

Grisso's place, and that only a thorough insecticide treatment of the

whole of it can check its spread effectively. On the village lot of Mrs.

Connor no scale was found at this time.

At Herrick, in Shelby county, it was found that the owner had

removed the infested trees in August, 1898, and burned them up. A
very careful examination of eight others, planted near them and sepa-

rate from the main orchard of the owner, was made by Professor Sum-

mers February 12, 1898, but no trace of San Jose scale could be found

upon them.

Spraying at Ernst, January 18 to 24, 1898, was attended by unusual

difificulties and much delay owing to unfavorable weather, frequent rains

probably washing off much of the soap. Work began January i8th and

continued through the forenoon of the 19th, but was then interrupted by

rain which lasted all the afternoon and into the night. The 20th was too

windy for orchard work, but spraying began again on the 21st and was

followed by rain—in part violent showers—nearly all the 22d. On the

afternoon of the 24th spraying began again, but was followed at night

and in the morning by several hard showers. One hundred and sixty-

four trees were sprayed in all, ranging from yearlings to trees fifteen

feet high; and, besides these, rose-bushes, currants, gooseberries, honey-

suckles, etc.

Notwithstanding this unusual exposure to rains, Mr. Green could

find March 24th only nine living scales on these premises, six under a

bit of bark upon a pear-tree and three on a currant bush. A great

part of the premises was, however, sprayed again, seventy-two bushes

and trees being included in the treatment. Only about four hours' work

was needed, but it took six days to do it on account of daily rains.

October 12, 1898, Mr. R. W. Braucher carefully inspected everything

on these premises and could not find living San Jose scale upon any

shrub or tree. He also observed that the whale-oil soap had generally

destroyed the Forbes scale {Aspidiotus forbesi), but that the scurfy scale

{Chionaspis furfiiriis) was but little affected by the winter application of



whale-oil soap. From seventy-five to ninety-five per cent, of the fruit

buds on the peach-trees had been killed by the January treatment, but

buds on the other trees were apparently uninjured. Spray applied dur-

ing the latter part of March had, however, killed many buds on plum-

and pear-trees.

At the farm of Mr. E. L. Howard, in Edgar county, a short dis-

tance from Sandford, Ind., it was found in January, 1898, that all the

infested currant bushes had been dug out and destroyed by the owner,

and that the woodland brush next the infested field had been partly

cleared off and burned. It was the owner's intention, in fact, to com-

plete this work the following spring as a safeguard against the possible

perpetuation of the scale in this situation. A plat of quince bushes and

some rows of apple-trees in the vicinity of the infested grounds were

sprayed by Mr. Braucher at this time, although no San Jose scale was

detected on any of these trees or shrubs. Another inspection made by

Mr. Braucher October 11, 1898, gave a similar negative result, and it

seems likely that the San Jose scale has been exterminated at this point.

At Mr. A. H. Evinger's place near Vermilion, Edgar county, to

which the scale had been transferred by purchase of currant bushes

from the premises of Mr. Howard, just mentioned, the San Jose scale

was found on only three currant bushes among some four hundred in

the plantation, and on these it was so scarce as to make it little likely

that it had spread to adjacent plants. All the currant bushes in this

plantation, together with eighteen small plum-trees near by, were

thoroughly sprayed January 4, 1898, and October nth no San Jose

scale was to be found on this place.

The colony on the place of Mr. Charles Eckert, three miles from

Collinsville, was visited by Mr. Green February 18, 1898, with a view

to its destruction. It had by this time made considerable progress, as

is shown by a comparison of the observer's notes with the statement

published on page 10 -of my last Report. Trees then slightly infested

were found by Mr. Green in the last stages of disease from scale attack;

and where one badly infested pear-tree was reported previously sixty pear-

trees were now badly infested and some of them dead. Work here was

retarded by rain and by the reluctance of the owner to allow his trees to

be sprayed. Five trees were finally dug out and burned, however, and

forty-eight sprayed. The spraying was, unfortunately, followed within

twelve hours by about eight hours' rain. Twenty-two trees were found

still slightly infested on these premises September 27, 1898, when

revisited by Mr. Green, the number of scales detected varying from one

to twenty on each tree.

At Mascoutah the infested premises described as belonging



originally to John Baisch* were found in the possession of Charles

Clements. The small orchard contained about one hundred trees of

various sizes, and the place was in greatly neglected condition, black-

berries, raspberries, and gooseberries having grown unchecked, to form

a dense and almost impenetrable thicket under the orchard trees. There

were no fruit trees adjacent to this lot except in one direction, across the

street, and no scale could be found anywhere in the vicinity. It was

abundant, however, on a row of peach-trees about the middle of the lot,

and had spread from these to blackberries beneath. The owner declined

to allow any trimming of trees or any removal of shrubbery, but Pro-

fessor Summers made, December 8, 1897, a persistent effort to spray

thoroughly everything on this lot, using nearly six hundred pounds of

soap. The scale was nevertheless found by Mr. Green September 28,

1898, on about thirty of these trees, the number detected ranging from

one to twelve per tree, except in a single instance, apparently over-

looked earlier, of a peach-tree thickly infested throughout.

At West Salem, visited by Mr, Braucher February 4, 1898, all the

trees known to be infested on Mr. Fishel's premises were sprayed, to-

gether with adjacent trees for six rows in one direction and four in

another. Sixty-one trees were treated in all, ranging from six to eigh-

teen feet in height. From Mr. Braucher's report of a visit made
October 28, 1898, it appears, however, that this spraying was not carried

far enough, as he found at the time a few infested trees outside the area

sprayed, as well as eighteen within the area which still carried a very

few living scales each.

The infested orchard on the farm of Mr. C. S. Frame, three and a

half miles east of Alhambra, in Madison county, was treated February

25, 1898, twenty-one trees being cut down and destroyed and thirteen

others sprayed after heroic cutting back. The weather continued steady

for several weeks after spraying, and the soap could still be seen upon

the trees a month after it was applied. Visited September 23d and 24th

by Mr. Green, it was plain not only that the treatment was but partially

effective but also that the scale attack had extended farther than was

supposed at the time the spray was applied. From one to a dozen

scales were found on each of twenty-five trees, apple, peach, pear, and

plum, still standing in various parts of this orchard. The trees had

made an excellent growth, and the living scales remaining were usually

found on the trunk beneath a thick crust of the dead or in deep cracks

where young shoots started out from the old wood.

At Walnut Prairie both Mr. Cline's and Mr. Kreager's orchards

were sprayed by Mr. Green March 15 to 18, 1898, fifty-six trees and

*See Twentieth Rep. State Ent. 111., p. 10.
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fifty-five bushes on Mr. Cline's place and sixteen large trees on Mr.

Kreager's. Operations here were much hindered by rains, and part of

the spraying was repeated on this account. These premises were

inspected by Mr. Braucher, October 13, 1898. Mr. Cline's orchard

still gave evidence of having been very badly attacked by the scale, and

living scales were found upon it in sufficient number to reproduce the

difficulty within two or three years. On Mr. Kreager's place, originally

infested from Mr. Cline's, much the same condition of things was

found. The transplanted plum-tree by which the scale was brought to

these premises had been very severely cut back and verythoroughly

treated with whale-oil soap, which was rubbed irv by hand and applied

so freely that it formed a pool around the base of the trunk. Neverthe-

less, many living scales were found on this tree by Mr. Braucher in

October, especially on the young- growth of the year. Several other

trees on these premises were likewise still infested with living scales,

which were found also on two peach-trees not sprayed by Mr. Green.

The imperfect result of the insecticide treatment of these orchards is

doubtless to be attributed mainly to the accompanying rains.

At Mt. Carmel, five trees were dug out and two hundred and sixty-

two were sprayed, belonging to eleven different owners living on five

adjacent blocks. About eighty feet of infested osage-orange hedge was

also cut out and destroyed. Most of the trees were large and full of

branches, necessitating much pruning as a preparation for the spray.

One owner refused my agent admission to his premises, although an

inspection on a previous visit had determined the presence of the scale

on his trees.

Subsequent inspection showed that the scale was much more widely

distributed at Mt. Carmel than was supposed at the time this spraying

was done It was found, indeed, by Mr. Braucher, late in October, on no

less than fifteen blocks, many of which had, of course, not been sprayed,

and even on those which had been treated with the whale-oil soap it had

not been completely eradicated from a single one. The failure of the

insecticide to exterminate the scale is well illustrated by the fact that

twenty-five trees and bushes were found infested in October upon a lot

(Mrs. Deischer's) where forty-eight had been sprayed the preceding

March, and that twenty-three were still infested in an adjoining lot

(belonging to Mr. R. K. Stees) where thirty-two had been sprayed by

Mr. Green.

The situation at Richview proved on continued inspection to be

much more serious than was at first anticipated, the scale being so wide-

spread as to make it impracticable for us within the time remaining

last spring and with the funds at my disposal, to complete the procedure
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for its extermination at this point. Instructions were consequently

given to my field assistants, Mr. Braucher and Professor Summers, to

spray thoroughly those orchards or parts of orchards in which it was

present in destructive numbers, and to treat also all other infested

vegetation whence it was likely to spread within a year to new territory,

thus arresting the ravages of the insect where it was doing real injury,

and preventing the extension of the area infested by it. These measures

were taken with the expectation of returning to this locality after the

fall of the leaves in 1S98 for a final treatment of these premises. All of

the infested property on the ground of Mr. J. W. Stanton, where the scale

was first discovered at Richview, was thoroughly sprayed with whale-oil

soap in February, 1S98,—some sixteen hundred trees in all,—-except

certain badly infested trees which were dug out and burned. In addi-

tion to this the premises of Mr. Jasper Wilgus, separated from those of

Mr. Stanton by a country road and a high hedge fence, were very gen-

erally treated, several badly infested trees being destroyed and many

others sprayed. About an eighth of a mile of hedge was cut down and

burned, and the stumps remaining were profusely sprayed with kero-

sene. From the orchard of Mr. Chas. Cooper, all trees originally

found infested had been cut out and destroyed, but a few remained

infested February 14, 1898.

One of the places worst infested, a mile south of Richview, on the

estate of Mr. Newcome, contained about twenty-three hundred trees.

The condition of the spring weather and the exhaustion of funds avail-

able for the purpose prevented the thorough treatment of these premises,

but the trees originally infested were all cut out and extensive spraying

was done with the object of exterminating the scale from the orchard

worst infested and of reducing its numbers in other parts of these

grounds sufficiently to render its spread unlikely. Approximately five

hundred trees were sprayed in all upon these premises, leaving only a

few partially infested trees scattered here and there. Later all or nearly

all of these were infected with a fungus parasite of the San Jose scale,

as will be described in another section of this article.

Half a mile north of the Newcome place a single apple-tree, in a

garden belonging to Mr. B. F. Johnson, badly infested with the San

Jose scale, was sprayed, together with two other trees adjacent to it. A
single infested tree which had been detected in an orchard immediately

west of Richview, rented by Mr. Hamilton, was dug out and destroyed

by the owner. Although no scale could be found on any other orchard

tree, eighteen or twenty trees immediately surrounding were thoroughly

sprayed by Professor Summers, and a large osage-orange hedge beside

this orchard was cut out.
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A prolonged inspection of one of Mr. Stanton's orchards at this

place, made by Mr. Braucher early in November, showed substantially

the same results as in those previously described. The great mass of

the scales had been killed, but everywhere enough remained to give

origin to a new attack, which in a short period of years would equal in

destructiveness the one suppressed by our insecticide operations. Fif-

teen hundred and forty-four trees were sprayed in this orchard of dwarf

pears, and of these, fourteen hundred and nine were examined by Mr.

Braucher the first of November. Not less than one hundred and seven

of these trees still showed the living San Jose scale— in a great majority

of the cases in small numbers only, but quite numerous on here and

there a tree.

As a general result of the operations above described it appears

that the San Jose scale has been exterminated in seven* out of twenty-

one places treated, namely, at Dundee, Monroe Center, Sandford, Ver-

milion, Ernst, Herrick, and Paloma, but that more or less conspicuous

traces of its presence are to be found in all the fourteen others, f On
several of these fourteen premises it was wholly killed on many badly

infested trees, but in none of them on all. Even at Quincy, where a

single small orchard was sprayed, at intervals, three times in a very

thoroughgoing manner, enough of the scales survived to reproduce the

original condition in three or four years at most. The places where the

scale was completely destroyed were those where it had made least

headway and where everything seen to be infested was promptly cut up

and burned, this destruction being reinforced in most of the cases by a

general spraying of everything in the immediate neighborhood on which

the scale could live. There seems, on the whole, little likelihood that

the spraying method can be depended on even where most thoroughly

and persistently applied, to exterminate the scale on any place where it

has had a few years to establish itself. On such a place the only sure

remedy is the ax and the faggot, applied to every tree and shrub on

which the scale is seen to have made a lodgment, supplemented by lib-

eral spraying of all vegetation which may have become obscurely in-

fested. It is true that fumigation with hydrocyanic acid gas has occa-

sionally been recommended as efficient for the extermination of the

scale even where the trees are completely and heavily infested, and some

experiments lately published, especially in a Report on the San Jose

*Now nine.

f Inspections made since the preparation of this manuscript show that the San

Jose scale has apparently been exterminated at Villa Ridge also and on Mr.Winzeler's

place near Tremont. At both places, every tree upon which there was any definite

reason to suppose that the scale was finally present, was cut out and destroyed.
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scale in Maryland,* seem to sustain this recommendation. The general

judgment of economic entomologists will, however, doubtless support

the following statement quoted from a letter by Dr. L. O. Howard, writ-

ten December 14, 189S.

" While hydrocyanic acid gas furnishes the most effective means

of destroying the San Jose scale and many other scale insects, it is not,

as some seem to suppose, an absolutely perfect remedy, and experience

for many years has fully demonstrated, and also experience in the East,

that here and there an occasional scale will escape this treatment, and,

in the course of two or three years, it will be necessary to go over the

plants again. In California, treatments are found to be necessary about

every three years. Where the work is done with exceptional care, per-

haps a longer period of immunity is sometimes gained."

In brief, the San Jose scale can clearly be kept in check by thor-

ough spraying with whale-oil soap or by general fumigation with hydro-

cyanic gas once in two to four years, according to the situation and the

rapidity of its multiplication; but it can be exterminated where it has

once effected a lodgment only by drastic measures of destruction sup-

plemented by careful spraying or fumigation, or by repeated treatment

applied in every case just as soon and just as frequently as a watchful

inspection gives any evidence of the presence of the scale.

Difficulties of Cooperation.

The state legislature, as has already been said, rejected in 1897 a plan

of legal and authoritative control and substituted therefor a mere appro-

priation to the State Entomologist, who was thus provided with funds

for an investigation and destruction of the San Jose scale, but was left

without authority to compel action on the part of reluctant owners, or

to proceed to act in opposition to their wishes. The success of the

work of destruction was consequently dependent upon volunteer co-

operation between the Entomologist's office and the citizens most im-

mediately concerned. There was commonly no difficulty in securing

such cooperation, at least in the form of permission to enter upon

premises and the contribution of a considerable amount of labor in the

application of insecticides. It was much more difficult, however, to

induce the responsible owner to share in any way the expense of opera-

tion, some refusing absolutely, declining to acknowledge any responsi-

bility to the community; others declining to bear any share of the

expense until satisfied that the insecticide operation was fully successful;

and still others agreeing, but neglecting, either to purchase the insecti-

cides or to pay for them when furnished, as proposed in my office circu-

*Bull. No. 57, Md. Agr. Exper. Station, Aug., 189S.
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lar. Indeed, three owners out of the thirty or more concerned posi-

tively objected to have their premises entered on. Two of these were

finally prevailed upon by the use of tact and persistence, but the third

successfully resisted the persuasions of the agent of my office, and his

premises were necessarily left without treatment. As illustrations of

the difficulties encountered, the following items from the reports of Pro-

fessor Summers and Mr. Green will be of interest:

" Stepping into the yard of Mr. ," writes Mr. Green, "I met

an angry old gentleman who vehemently ordered me to move on, saying

that his trees did not need any inspection. I tried to tell him about the

scale, and referred him to his neighbors who were having their trees

examined, assuring him that there was no charge for the inspection or

the work. He would listen to nothing, however, but said that he was

old enough to care for his own trees and didn't ask the state to look

after him. The last legislature, he said, was a band of thieves and rob-

bers, and had started a scale scare to furnish fat salaries for two of its

favorites; then further remarked that a man had been there some time

before who had gone across his lot without permission, and that now he

would be glad to see the last of me. I finally apologized for troubling

him and left."

"At • walked out to the place of Mr. , three miles

from town. The oldest son, a man of about twenty-five, showed me the

infested trees, the mother also coming along. Some Japanese plums ;r

one corner of a large peach and apple orchard were in the last stages Oi

disease, completely infested by the scale. In another lot were several

pear-trees, all badly infested and some dead. Both mother and son

tried to convince me that the trees did not need treatment, or at any

rate that they could wash off the scales themselves with their own soft

soap. I pointed out the trees which I was sure that it would be abso-

lutely necessary for me to treat with whale-oil soap, but they said noth-

ing. I asked if one of their sons could take me back to town that after-

noon and bring out the apparatus if it had come. They said the boys

were busy and had no time to spare; but as a friend was to be taken to

the train that afternoon, one of the girls hitched up a horse and I was

allowed to ride with them. I found my spraying apparatus at the depot

and sent back a note by the girl asking that the team be sent for it in the

morning. Starting out to the place on foot, I met the team with a girl

driving. She said she was going for a load of brick, and would not

bring out my material without orders from home. I presently found a

neighbor of the family who agreed to bring my apparatus out that day

as he returned from hauling a load of wheat to town, and I sent word to

Mr. that I would be out to spray his trees, asking him to have
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water hot that we might go to work without delay on my return. He
looked more surprised than pleased when I came back with the appa-

ratus, and there was no hot water. It threatened rain, and was then too

late to begin, so I contented myself with their promise to have hot

water ready in the morning. The next day, while the boys were heat-

ing the water, I pruned the trees. The boys finally helped in spraying

and took the machine back to town, but the owner flatly refused to pay

for the soap. The elder son, who took the apparatus to the station,

became quite friendly before we separated, and told me that when I

came back the second time they talked of getting the shot-gun and

driving me off the place."

At another town, where the trees and bushes on a village lot were

thoroughly infested by the scale. Professor Summers was met at first by

a refusal to give him admission to the grounds. He ignored the refusal,

however, and continued his preparations, entering upon a good natured

conversation with the owner. Seeing a large soap kettle at hand, he

asked the use of it for boiling up his whale-oil soap. This was refused

on the ground that the kettle belonged to the owner's father and that it

"might be called for any minute." By inquiry in the neighborhood

another kettle was found, and this was hired at fifty cents a day. The

owner of the infested trees, on his way to town to consult a lawyer, met

a neighbor who told him not to interfere with his unwelcome visitor who,

if an agent of the state, was probably acting under authority of law.

This very reasonable but mistaken supposition served our purpose, and

no further objection was made, although all assistance was steadily

refused. The work was thoroughly done by Professor Summers, and

no charge was made by us for materials used.

As an example of the cordial spirit in which our propositions were

commonly received, Mr. Green's account of his experience at Manito

may suffice.

"Visited, according to instructions, the farm of P. B. Stem, three

and a half miles north of Manito. Walked out in the morning and

found the owner plowing, He at once put away his horse and showed

me the worst infested section of his orchard, spending the rest of the

day with me in examining trees and hedges. We found that the scale was

scattered through something more than six acres and had also infested

twenty rods of hedge. Learning that the soap necessary to thorough

insecticide treatment would probably cost about $30, he asked me if I

wished the money at once. The next day he hired an additional man

for the work and gave also his own time and that of his son. We all

worked two days in pruning trees to be sprayed, and afterwards one of

us cared for the fire, another worked the pump, and the remaining two
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applied the spray. Everything I asked was cheerfully done. Trees too

seriously damaged for treatment were cut down and burned over their

stumps, and a row of osage-orange hedge especially valued by the owner
because in a year or two it would yield valuable posts was also cut out

by my advice and thoroughly destroyed. Mr. Stem made five trips to

town on my account, gave five days' work of three men, sacrificed about

two hundred trees besides the hedge, and put himself to considerable

inconvenience in his farming operations, as his teams were left idle

when his oats should have been planted."

General Insecticide Procedure.

The field assistants responsible for the spraying of infested orchards

were Professor H. E. Summers and Messrs. E. C. Green and R. W.
Braucher. Their methods were, of course, substantially the same.

When hand sprayers were used the soap solution (two pounds to the

gallon of water ) was made in large soap kettles, which it was possible

to find in every neighborhood. To diminish the labor and expense,

and likewise to insure a more thorough application of the insecticide,

trees to be sprayed were pruned and cut back as much as the owner

would permit. If the trunks of the trees were rough they were scraped

to remove loose bark, and if the scale was found upon the trunk the

earth was scraped away to the surface of the upper roots. The assistant

always directed the spray himself, depending on the aid of owners for

the rest of the work. In distributing the insecticide, limbs and branches

were followed out one by one with the nozzle in a way to make sure

that the spray reached every portion of the surface. Trees were fre-

quently sprayed from opposite directions, especially if the wind were

blowing considerably. Trees so covered with the scale that the surface

of the bark was generally concealed were commonly cut out and burned.

When the machine sprayer was in use two men from my office traveled

with it, and two lines of hose were commonly used at once, with two

spray nozzles for each. The soap solution was in process of prepara-

tion in one of the tanks while the spraying was emptying the other,

and the spraying machine was thus kept continuously at work. For this

continuous operation of the apparatus, however, a third man was re-

quired to attend to the engine and make the soap solution.

The progress of the work was very much delayed and continuously

embarrassed by the unusually wet and open winter. Frequent rains and
sleets hindered orchard work or made a repetition of it necessary, and

the wretched condition of the roads blockaded the machine .sprayer for

weeks at a time. We also found this large and heavy apparatus incon-

venient for our purpose owing to difficulties of railroad transportation.



— 3° —

It could only be moved on a flat car,—not always to be had at call,

—

and loading facilities at small stations were sometimes insufficient for

the handling of it. These experiences, together with the partial failure

of the engine, led towards the end of the season to a substitution of

hand equipments entirely for the machine sprayer, three of these being

in the field at once during the latter part of our operations.

An Efficient Fungous Disease.*

Notwithstanding the quantity that has been done and written

—

much of it by myself—concerning the use of the bacterial and other

fungus parasites as a means of spreading contagious disease among in-

sects for their destruction, it can scarcely be said that this insecticide

method has been reduced to practice with entire success for so much

as a single insect species. In the nearest approximation to a practical

method yet made, the use of Sporotrichum for the chinch-bug, the

results have been from the beginning so equivocal and so variable that

this method has never yet been recommended from this office as gener-

ally available or in any way trustworthy. It is with especial satisfaction,

consequently, that 1 now report a series of experiments with a fungus

parasite of the San Jose scale, first successfully applied by Prof. P. H.

Rolfs, of the Florida Agricultural Experiment Station, which gave in our

hands during the summer of 1898 great promise of usefulness as a strong

and steady check upon the increase of this orchard pest.

The conditions of experimentation with this fungus are fortunately

very favorable to tangible and precise results. The scale insects being

motionless, we are able to keep the identical individuals treated under

continuous observation without artificial management; and the fungus

used being one not native to the San Jose scale, the results of experi-

mentation are not liable to be clouded by its spontaneous occurrence

either before or after the experiment is begun. It has been very easy,

consequently, to demonstrate the success or failure in every case, and

the results may be accepted as unequivocal.

The existence of this parasite of the San Jose scale was first

brought to my notice by a letter from Prof. John B. Smith, written

January 5, 1897, informing me that Professor Rolfs, of Florida, seemed

to have found a specific organism which "had cleaned out some infested

orchards in Florida and promised to control the scale completely." He
further quoted Professor Rolfs to the effect that the fungus had with-

stood quite a low temperature, and that it was a constant parasite of a

scale on the oak. He was also kind enough to send me a small quantity

* See Plate IV., Fig. 7, for an illustration of the characteristic growth of SpJuv-

rostilbe coccofhila from the edges of a San Jose scale killed by this fungus.
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of a culture received from Professor Rolfs purporting to be that of the

scale fungus mentioned.

The condition of this material from Professor Smith was not such

as to encourage attempts at cultivating it, and I obtained instead, direct

from Professor Rolfs, early in February, 1S9S, some limbs of the water

oak infested by the common scale of that species, Aspidiotus obscuriis^

many of which had been killed by the fungus parasite in question

—

Sphi^rostilbe coccophila Tul. In the letter accompanying this material

Professor Rolfs informed me that in order to introduce this fungus into

orchards infested by the San Jose scale it was only necessary to tie a

piece of a branch bearing the fungus to some portion of the infested

tree. February 27th he also sent me a small amount of Sphcerostilbe

on the San Jose scale itself, the product of an infection made by him
the preceding year.

From the dead oak scales {^Aspidiotus obscurus') received from
Florida in February, 1898, cultures of the fungus were begun March
4th, by my assistant, Ernest B. Forbes, at first on gelatine, then on
boiled potato, and finally on corn meal and milk, and corn meal and
beef broth. Although the inoculations were all made from the insect

itself, all the material proved to be much contaminated, containing

especially Peiiiciiiujii, Pestalozzia, and a liquefying bacillus. Careful

separation cultures were thus necessitated, and by transfer from these,

perfectly pure cultures of the Sphcerostilbe were finally obtained.

The arcuate conidial spores of this fungus may germinate within

four or five hours, and the growing mycelium acquires a characteristic

pinkish color usually within five days. Vigorous growths of the fungus

developed identical arcuate spores within a week from the time of in-

oculation, this fruiting stage being indicated to the naked eye by the

appearance of patches of a deep red color in the lighter pink of the

mature mycelium. In one case a culture begun May 17th on bread
soaked with sweetened milk, developed spores profusely by May 20th.

It proved extremely difficult to obtain the conidial stage of the fungus,

or fruiting bodies of any kind, on peptonized gelatine, and scarcely less

so on boiled potato, but cultures on corn-meal batter made up with beef

broth, or on pieces of bread saturated with the same, yielded the spores

very readily and in great abundance, the whole infected surface pres-

ently becoming a bright scarlet color, and being covered with a thick

dense layer of elongate, curved conidia. A considerable amount of

moisture seemed necessary to a full development of the fungus, and
several of our failures in the beginning were apparently due to the fact

that the medium was kept too dry.

By May 21st we had grown a considerable quantity of this fungus



on corn meal and beef broth as a preparation for extensive inoculations

of the San Jose scale in the orchards of southern Illinois. In the

meantime a personal visit to the peach and pear orchards of northern

Florida gave me reason to expect a favorable result in Illinois, and it

likewise put me in possession of a considerable amount of fresh mate-

rial in the form of twigs of trees infested by the oak scale killed by the

SpJuerostilbe spontaneous on that insect.

My principal observations in Florida were made on the 20th of

March in the vicinity of De Funiak Springs, when, in company with

Professor Rolfs, of the Florida Agricultural Experiment Station, I care-

fully examined three peach orchards. In the first of these, the Rose

Hill orchard, there were but very few of the San Jose scale to be found,

the number having greatly decreased within the last four years. These

trees had been sprayed with rosin, potash, and sulphur during the winter

of 1893 and 1894, but had never been artificially infected with the

scale fungus. We found, nevertheless, on a single tree a very few speci-

mens of the San Jose scale with a fungus parasite which seemed to be

the Sphcerostilbe coccophila and was so taken by us at the time. Subse-

quent study on my return showed, however, that the fungus in this

orchard was of a form closely related to S. coccophi/a, but of a species

apparently new. It is distinguished not only by the smaller and much

more strongly arcuate conidia, but also by strongly marked culture

characters. The color of a mature culture, for example, is not red but

a dusky brown with a slightly reddish tinge, and identical culture pro-

cesses and media with those which yield the arcuate conidia of SpJiceros-

tilbe coccophila give with this only masses of minute oval spores.*

A second orchard, belonging to Mr. Mellish, had originally been

heavily infested with the San Jose scale, but this had now almost

entirely disappeared. The scale in this orchard had been inoculated in

August, 1897, by tying to branches of the infested trees pieces of twigs

of the oak bearing the scale fungus. At the time of my visit only a very

few living scales could be found, and among the dead occasionally

one still remained with an obvious growth of Sp/uerostiibe projecting

from beneath the edge. This scale fungus was found not only upon

trees to which infested twigs had been tied, but upon others adjacent to

them, indicating a spread from tree to tree. According to the owner's

statements the surface of many of these trees had been conspicuously

reddened by an abundant development of the fungus on the scale, these

growths having subsequently been removed, with the dead scales them-

* Letters received from Professor Rolfs since my visit to Florida notify me of the

frequent finding of this fungus there on the San Jose scale and other species.



selves, by exposure to the weather. The trees in this orchard were in

very good condition, showing but little effect of the scale attack.

The third orchard visited, that of Mr. Thalimer, was in very much
worse condition, the fungus having been introduced too late to save

many of the trees. The plat contained two hundred and seventy-five

peach-trees, three years old, which had become infested two years

previously by extension of the scale from the premises of a neighbor.

Nine-tenths of the trees in this orchard were dead, according to the

owner's estimate, many of them those to which pieces of oak branches had
been tied in July of the previous year. Where the trees and the scales

upon them were still living, the scale fungus could yet be found

From the history and condition of these orchards and from other

observations made upon this visit it seemed clear that the SpluBrostilbe

could be made useful, especially where for any reason immediate insec-

ticide work could not be done, but that it would at best serve only as a

strong check upon the multiplication of the scale and not as an efficient

means of its complete extermination. I consequently decided to apply

it in Illinois on those premises only which we could not reach with the

insecticide spray owing to the exhaustion of funds available for this field

work. The most important region remaining without insecticide treat-

ment was that at Sparta. Some orchards at Richview likewise had been
only imperfectly sprayed, and others remained heavily infested and in

condition to afford a means of testing the efficiency of this fungus

parasite.

This scale fungus was distributed to orchards at Sparta and Rich-

view by Mr. E. B. Forbes on three separate visits; one from April 30th

to May 5th, the second from May 2Sth to June 7th, and the third on

June 23d. Thirty trees belonging to Mr. James Newcome, were thus

infected near Richview, and three hundred and fourteen trees, belonging

to twenty owners, in the Sparta district, as follows:

S A. Blair, 6 trees. H. A. W, Otten, 5 trees.

Henry Bodiker, iS trees. JefiEerson Porch, 35 trees

Robert Conch, i tree. Louis Pritz, i tree.

James Davison, 8 trees.
J. W. Robinson, 85 trees.

Henry Lout, 6 trees. John Steel, 7 trees.

George Lyons, 4 trees. Jacob Stahlman, 4 trees.

Fred Marshall, 1 tree J M. Temple, 76 trees.

John McHenry, 3 trees. Silvenus Wilson, 7 trees.

Riley McKelvey, 11 trees. James Wood, Sr., 8 trees.

Sidney McKelvey, 2 trees. James Wood, Jr., 26 trees.

At the earliest visit only infected scales on pieces of bark or twigs

of oak obtained from Florida were used. The twig or bark with the

fungus on it was tied to the upper side of a limb, as high up on the
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branch as the infestation was severe and in such a position that the

southwest rains would readily strike it. From one to a dozen pieces

were placed on a single tree, according to the size of the tree and the

abundance of the scale, three or four being the commoner number.

On the second visit, beginning May 28th, only artificial cultures of

Splucrostilbe were used, mostly those grown on corn meal or on pieces

of bread. About a half inch square of the culture material was softened

for a short time with water, and mixed witli fifty centicubes of water,

and the liquid was spread with a sable brush on the spot selected. The
infected spot was then covered by wrapping the branch with a strip of

wet duck four inches wide and forty inches long, the wrapping being

fastened with a string. These strips were wet a second time on the

following morning and were removed in twenty-four hours after appli-

cation, the object of this procedure being to keep the culture material

continuously moist until the spores had time to germinate. That this

was done was shown by the fact that particles of the fungus were

generally whitened by a mycelial growth from the germinating spores by

the time the cloth was removed. The infected spot was then marked by

a white string for convenience in subsetpient inspection.

The first such visit of inspection was made at Sparta by Mr. Forbes

May 27th, three weeks after the infected twigs were put in place. At

this time a few dead scales were found in the vicinity of the twigs, but no

certain evidence of the spread of the fungus was obtained. On the next

inspection, June 21st, a scale dead with SpJuerostilbc, and showing the

fungus in the form of a fruiting growth, was found on a tree to which a

corn-meal culture had been applied May 2Sth. The cloth wrapping had

been accidentally left on this tree, and the fungus had grown under its

protection. July 6th, about two months after the first infection of these

trees, the fungus had taken effect upon adjacent scales in practically

every case where they had been originally abundant and the infection

material had been liberally applied, but in no case was the growth on

the tree profuse nor even generally visible even on the scales immediately

adjacent to the infection material. Wlien only a few scattered scales

were present no start had been made. Returning to the same trees

September i st, we found tlie fungus was by this time growing vigorously

everywhere, spreading downward in some cases as far as five or six feet

and on lateral branches from the one to which the infection had been

applied, as far as a foot beyond the fork. The upward spread, however,

was not so great, the spores being evidently disseminated mainly by

washing down; and tliere was nothing to indicate the spread of the fungus

across an air space. On one tree six inches in iliameter, for example,

on Mr. Temple's place, the fungus had spread downward about two feet.
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as far as the scales extended, and upward not at all. From another

piece on the same tree the fungus had spread upward a foot and a half,

downward two and a half feet, and thence an equal distance on a lateral

branch. From still a third piece it had spread downward three and a

half feet and out si.x inches on a branching twig. Another tree five

inches in diameter, to which six pieces of bark had been tied, was so

generally covered with the fungus infesting the scales that it was difficult

to say whence and how far it had spread. Excepting the smaller and

upper twigs and branches, the entire tree was infected. In some places

on this tree the lateral spread must have been at least six feet. Another

tree in this same orchard, to which five twigs had been attached, showed

the scale fungus distributed upward from points of infection to distances

varying from six inches to a foot, downward from sixteen inches to

three feet, and laterally from six to twenty-six inches.

The results of infection by means of artificial cultures were equally

favorable, and on the whole more marked, owing especially to the fact

that pieces of the culture medium remaining on the tree continued to

grow the fungus and to produce the spores for an indefinite time. On

one tree, for example, the scales on which were infected June 17th by

smearing on a thick paste of spores from a culture of broth and corn

meal, the fungus had made a visible start by the 5th of July. A few

scales were then dead with a noticeable growth of the fungus, and by

September ist this growth had become very profuse spreading in various

directions from two to four feet from the point of infection. On an-

other tree, similarly treated at the same time, the fungus growth Septem-

ber I St (about two and a half months after infection) had become very

profuse, extending downward more than six feet and upward about

sixteen inches and crossing an air space of at least three feet. The

infection material was still growing in good condition and bearing large

numbers of spores.

On the final visit of the season, made by Mr. E. B. Forbes to

Sparta November 2d, it appeared that there had been no great increase

in the growth and abundance of the fungus since the September inspec-

tion, but that in a number of cases it had spread from limb to limb in

such a manner as to suggest that the spores had been conveyed by the

blowing of rain drops in a high wind. An occasional washed-out

appearance and pale color of the fungus suggested the probability that

the recent weather had been too cool and wet for its rapid spread.

The fact should be carefully noted that however generally the fun-

gus was distributed, it was easy to find everywhere in the infected area

scale insects still living and apparently not invaded by it, and even

young scales crawling about in considerable number. It remains to be
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seen, consequently, how completely even thoroughly infected areas may
be cleared of the scale by this fungus, since it is possible that only those

scales which were in some way comparatively deficient in vitality were

actually destroyed by the parasite. Contrary to this supposition we

have only the observations made in Florida, where, again, it is not

impossible that other and inconspicuous causes have conspired with the

Spluerostilbc to reduce the number of the scale.

No instance could be found either at .Sparta or at Richview of the

appearance of the fungus on trees not immediately infected by Mr.

Forbes, a fact doubtless due to the hard and tenacious character of the

fruiting growth, which is such that the spores of this fungus are little

likely to be carried by the air. Doubtless, however, after a time birds and

insects passing from tree to tree would effect these transfers accidentally.

On the other hand, it is but little work to snip off twigs from an infected

tree and tie them to branches of those adjacent, thus securing and has-

tening the infection process which a single season should suffice to make

general on any badly infested premises. Indeed artificial cultures are

so readily made in quantity and capable of being so rapidly applied

that it would be a matter of little difficulty to treat a large orchard com-

pletely, provided only that the supply of the cultivated fungus could be

had by the orchardist. As the cultivation of this fungus parasite

retiuires the expert methods of the bacteriological laboratory, it is

beyond the reach of the farmer, who must depend upon the simpler

method of infection except where the state or some private expert can

furnish the fungus cultures to him as required.

Thinking it possible that scales killed by the fungus would be gen-

erally removed from the tree, and the dormant fungus with them, by

exposure to the winter weather, I took measures to prevent a removal

by this means of all the fungus growth upon infected trees by having

selected portions of the infected surfaces on each tree wrapped with

cloth early in November, to be .left on all winter. I have thus made
sure that each infected tree will have upon it a considerable area of the

fruiting fungus in the spring in condition to renew the infection in 1899.

Attempts at infection of the San Jose scale with the new fungus

{A/icrocera s/>.) detected in the Rose Hill orchard in northern Florida

were not wholly successful, owing perhaps in part to the small amount

of the fungus available for experiment. Applications of a culture made
on corn meal and beef broth were so far successful as to infect the

scales to which the spores were applied, but there was no considerable

spread, in the single experiment made, from the infected area to the

adjacent scales.

As a result of this field work with the above-mentioned fungous
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disease of the San Jose scale it is evident that the distribution of S.

coccophila under conditions prevailing in southern Illinois this year is

likely to prove a valuable adjunct to more energetic measures for the

destruction of this insect. Indeed, we may go so far as to say that if

the scale should finally become a permanent resident in this state, it is

quite possible that this and similar enemies will form a permanent check

upon its multiplication sach as to reduce its injuries to comparative

insignificance. It must be noted, however, that the summer of 1898

was favorable to the growth and reproduction of this fungus species,

both with respect to temperature and rainfall. An abundance of rain-

fall was, in fact, shown by my laboratory culture experiments to be

indispensable to the profuse fruiting of the fungus, cultures made on a

comparatively dry medium often growing freely but remaining sterile

for weeks, while those made in a saturated atmosphere would fruit with

excessive abundance within four days from the sowing of the spores.

In a dry season, consequently, we cannot expect a rapid spread of this

fungus from scattered infection points.

Field Notes on Fungous Infection.

More definite details with regard to the spread of this fungous

infection in the field are presented in the following items abstracted

from the notes of Mr. E. B. Forbes, the Assistant in charge of the

experiments.
NeigJiborliood of Sparta.

OrcJiard of J. M. Temple.—Twigs and bark of oak from Florida

bearing infected scales were tied April 30, 1S98, to seventy-six trees in

this orchard. May 27th, a large number of scales were examined

microscopically, but no positive case of death from the fungus was

found. A few dead scales were detected near the infected places, but

they either contained no fungi or a fungus not resembling Sphierostilbe

in any form known to me.

July 6th, examined trees infected April 30th and May 2d with

SpJuerostilbe coccophila. In every case where scales were abundant and

the infection material thrifty and plentiful the fungus had spread from

the bark or twig tied to the tree. The growth was nowhere profuse, nor

was it even generally present on the scales in the immediate vicinity of

the infection material. A slight start had been made in quite favorable

situations, but where only a- few scattered scales were present no growth

was made, and in no instance had the fungus spread from the immediate

surface originally infected.

September ist, fungus growing everywhere vigorously. Sometimes

spread downwards as much as five feet, and on laterals as much as one



-38-

foot, though upward spread is less than downward. The spores are

evidently carried by rains and no spread across an air space was here

noted. On one tree six inches in diameter I placed originally four

pieces of infected material. The fungus had now spread from one
])icce downward two feet, as far as the patch of scale extended, but

upward not at all. By no means all the scales were killed, however, on
the area showing the fungus growth. From another piece the fungus

had spread upward on two branches a foot and a half, down on one
branch two feet and a half to the trunk of the tree, and out to an equal

distance on a lateral branch. From the third piece it had gone down-
ward three feet and a half, out six inches on a twig, but upward not at

all. From the fourth piece it had spread upward six inches and down-
ward a foot and a half. On another tree, five inches in diameter, to

which six pieces of bark had been tied, the spread of the fungus has

been so general that it cannot now be traced. Except for the smaller

and upward twigs and branches the tree is now thoroughly infected. In

some cases the fungus must have gone laterally as much as six feet or

else the spores were carried across an air space. In another tree, seven

inches in diameter, to which five pieces of the infected material had
been applied, the fungus had spread from the first piece eighteen inches

upward at an angle of 45 ; directly upward six inches; ten inches up-

ward on another branch at an angle of 40 ; and downward fully three

feet. From a second piece it has gone downward twenty inches and
thence out on a lateral twenty-six inches. From a third it had spread a

foot obliquely upward and ten inches horizontally. From a fourth it

had gone upward a foot on three branches and down sixteen inches.

F>om a fifth it had spread upward six inches, down two feet to rough
bark free from scales, and out sixteen inches on a lateral branch.

November 2d, wrapped with cloth strip and tied with string one
spot on each infected tree. No great increase in quantity of fungus

since my visit September ist, although in a number of cases the infec-

tion has gone from limb to limb in a way to suggest that the spread has

been due to the blowing of spores in rain drops from an infected sur-

face to one previously free. In some situations the growth has a faded

color and a washed-out look, from which I am led to suspect that the

weather has been too cold and rainy for a profuse growth and rapid

spread of the fungus.

Orchard ofJames Wood, Jr.—May 28th, twenty-six trees infected

with Sphxrostilbe grown on corn-meal batter. For a description of the

method of application of this fungus culture see page 34. June 21st,

found in this orchard a single scale which had died from the fungous

infection. In this tree the cloth wrappers were accidentally overlooked
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ami had remained in i)lace since May 2Sth. Two clubs of conidial

spores were borne by this single scale. July 6th, conditions as to fungous

infection the same as on Mr. Temple's place, already reported. Sept.

2d, Splucrostilbe growing well in this orchard. Nov. 5th. To-day

placed cloths for the protection of fungus on trees.

Farm of John Robinson.—June 17th, a single tree infected by

smearing on conidial spores of Spliwrostilbc in a thick paste made from

culture on corn-meal and broth. Kept moist forty-eight hours with wet

cloths. July 5th, very few scales dead from fungous infection. Disease

has not spread far. No spore masses observed. Sep't. 4th, growth very

profuse; spread from source of infection in various directions from two

to four feet.

Another tree infected by tying on pieces of fresh fruiting culture

grown on corn-meal and broth. June 20th, this infection material

riddled by ants, but fungus growth not eaten. July 5th, slight start of

fungus near point of infection. Bears immature conidial spores. Sept.

I St, growth very profuse, extending downward over six feet and upward

sixteen inches. In one place spores had been carried across an air

space of three feet—probably by birds, insects, or rain. Culture

material originally applied to the tree still growing in good condition.

This is the most successful infection experiment I have seen, the growth

probably being the most profuse because of an abundant and constant

supply of conidial spores continuously developed from the original

infection material.

RicJiview, III.

Farm of James Newcomc.— June 23, 1898, the San Jose scale

on thirty trees was infected in this orchard with material grown on

meal and broth, applied directly from the culture flask without

ever having been dry. The conidial spores had been mature for about

two weeks. The gummy mass of the culture was simply smeared upon

the tree with a little water, and the branch treated was wrapped with

canvas which was allowed to remain upon the trees for three weeks.

The trees treated were not very badly infested, and were scattered here

and there through a large orchard. There was consecpiently little

o])portunity for the fungus to spread from tree to tree.

July 13th, when the first inspection was made, the fungus had

started in every place, and it had already formed conidial knobs in

several places, although generally its occurrence was made evident only

by a white mycelial growth around the edge of the infected scales.

August 31st, a careful inspection of a number of trees selected at

random was made. On the first tree examined the infection was prac-

tically complete where the surface had been covered by a cloth band.
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every scale showing the reil growth of the fungus, which had also spread

down the branch about six inches. Scales of all sizes were attacked,

but there was no apparent spread upward or to the adjacent branches.

The external growth was most commonly in the form of erect clubs or

knob-like protuberances, but sometimes in that of a thick welt surround-

ing the scale. On another tree the fungus had spread very ])rofusely

along the limb for about thirteen inches. On one, where the scale was

very scarce, it had spread but three inches; on two others twelve

inches; and on still another fifteen inches. On the next tree examined

it had spread two feet on a main branch, and also slightly upon lateral

twigs. On one tree carefully examined it had grown down a main

branch for about ten inches from a profusely infected area, and laterally

from a little below this area about an inch. Here, as elsewhere, the

fungus was most abundant upon the spots originally treated. Here

several pieces of paste remained with the fungus fresh and ap]iarently

still growing. November ist, when the winter bands were put in place,

there had been little if any extension of the infecteil area, and the growth

generally seemed to be somewhat less vigorous than on August 31st,

probably because the very heavy rains had washed away the spores.

I^XPF.RIMKNTS WITH I N'SECllCI 1 )P', Sl>RA\'S.

During the intervals of other field employment a few minor experi-

ments with insecticide sprays were made l)y Mr. K. 13. Forbes in the

infested orchards near Sparta, Randolph county, in the montlis of June

and July. No final conclusions were reached, but as the work was thor-

oughly and carefully done the results are deemed worthy of repf)rt.

June i/th to 20th, ])ure kerosene was applied to fifteen peach-trees,

sometimes with the "Eclipse" sprayer and "Deming Vermorel" nozzle,

sometimes with the "Success" sprayer and " Bordeaux " nozzle. The

results were in every case unsatisfactory. If a]:)[)lied in sufficient (pian-

tity to kill all the scales the trees were usually so severely injured that

they were dead by September ist, or if not dead their vigor had been so

impaired that they had been very heavily attacked by the fruit bark

beetle {Sct)/r///s nigii/osiis). In one case a peach-tree thu'^ sprayed had

borne a good crop of fruit and held its leaves without a])parent injury

until September ist, but its bark was everywhere ]3ep])ered with the

punctures of the fruit bark beetle, from which particles of gum had

exuded in such quantity as nearly to cover the surface in many places.

In but two cases had the trees escaped such injury, and in these only

the scales exposed to direct contact with the spray were dead, all con-

cealed or protected in any way remaining alive and producing \ oung

continuously.
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Three small sets of experiments were made with meclianical mix-

tures of kerosene and water, the Success sprayer and the Bordeaux noz-

zle being used. Mixtures containing five, fifteen, and twenty per cent,

of kerosene so applied did not hurt the trees and neither did they kill

all the scales. A thirty per cent, mixture applied to a single tree July

6th killed very nearly all the scales (living individuals being very rare),

and did not visibly hurt the tree This was, however, so nearly dead

from scale-attack that the effect of the spraying was left somewhat in

doubt.

Tests of the "Success Kerosene Sprayer," bought of the Deming

Company, Salem, Ohio, made with a view to determining the accuracy

of the percentage indications of the scale, gave results showing that the

percentages varied considerably according to the action of the pump

and the fineness of the spray. With the indicator of the dial set at io%

the amount of kerosene in the mixture would vary from 7.5% to 13. 13%,
tlie lower percentage when the pump was vigorously worked with a very

fine spray, and the higher when it was vigorously worked with an open

stream. With a fairly fine spray and moderate action the kerosene in

the mixture was 12%. ^Vith an indication of 5% of kerosene the actual

delivery varied from 4..o-j'/(: to 6.g2<^/c. Additional details of these tests

are given in the following table:

Test of "Success Kerosene Sprayer."

Actual percentage in spray.

Indicated percentage.
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color. The carboleum should be diluted with rain water, as otherwise

a troublesome gummy precipitate forms.

Miscellaneous Field Memoranda.

From Mr. Forbes's miscellaneous notes I cull the following minor

observations of interest:

Male scales were just beginning to hatch at Sparta, in Randolph

county, April 30, 189S, two winged specimens having been first seen on

that day. Under a greater part of all the male scales examined were

winged insects nearly ready to emerge. Of a hundred such scales ex-

amined May 5th, eighty were empty, eight contained winged males, and

twelve contained pupae not yet transformed.

Female scales had just begun to give birth to young at Sparta May
27th. Probably none of these were more than two days old, as all were

still in the active stage. On the other hand, reproduction had nearly

ceased November 2d, at which time, although no active larvae were seen,

a few scales could still be found so young that it was evident that they

had fixed themselves only a few hours before.

Observations made in spring and early summer, especially on Mr.

J. M. Temple's grounds, showed that a very large number of the partly

grown young San Jose scale of the preceding year had perished, nearly

all of those on the tree trunks and on the older limbs being, in fact,

dead the first of June. Those on the young growth, however, throve,

matured, and multiplied. As a general result of observations of this

character, it appeared that very many of the scales of 1S97 were dead in

nearly all the orchards visited, and that many of the old trees in that

region were seemingly in a better condition on this account than in the

preceding year. There was no appearance here of any other cause of

death than mere starvation, due, as was surmised, to the protracted

drouth and excessive heat of the summer of 1897.

Experiments made June 17th at blowing the young scales in the

active stage from the surface of the tree made it evident that they might

be occasionally detached by a very heavy wind and carried thus to con-

siderable distances. It was noticed, however, that when exposed to

strong wind the young scales sought the sheltered side of the limb. At

this date scales were found attached and growing on ragweed {Ai/il>rosia),

peppergrass {Lepidium) and horse-nettle {Solanu iii), all under infested

trees.

The rate of travel of the young was tested June 20th by transferring

ten active specimens to a piece of painted glass, watching them for a

minute each, and carefully measuring the distances traversed. These
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ranged from 1.9 to 3.4 centimeters, with an average rate of 2.75 centi-

meters (i.i inch) to the minute.

Where strips of damp cloth were tied around branches of a tree to

protect the fungus beneath, it was noticed May 28th that the traveling

young would accumulate along the lower edge of the band in a way to

form a yellow circle around the limb. Such an accumulation was rarely

seen above the band. None of the young attempted to cross the cloth.

The only insect enemy of the San Jose scale noticeably abundant

in the Sparta region was Pentilia tnisella (Plate IV, Fig. 4, 5, 6), which

became so common in badly infested orchards by November 2d that

the number on a heavily infested tree was estimated at several thousand.

They had, notwithstanding, produced no visible effect upon the number
of scales in any orchard visited. The twice stabbed ladybird (C///76'c-(^?;7/i-

bivitlncrus, Plate IV, Fig. i, 2), was seen occasionally, but was nowhere

abundant.
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EXPLANATION OF PLATES.

Plate L

Map of Illinois showing known distribution of San Jose scale,

with extent and effects of treatment.

Plate II.

Machine sprayer, with gasoline engine, triplex pump and double

tank for whale-oil soap solution.

Plate III.

Fig. I. Gasoline engine of machine sprayer.

Fig. 2. Battery of gasoline burners used under each tank for boiling

whale-oil soap solution.

Plate IV.*

Parasites of the San Jose Scale.

Fig. T. Chilocorus biviilnenis, larva.

Fig. 2. Clnloeoyus bivuluerus, adult beetle.

Fig. 3. Aplieliuus diaspidis. Not a parasite of the San Jose scale,

but closely allied to A. niytilaspidis, whirli is parasitic upon

this scale.

I'^ig. 4, 5, 6. Pentilia misclla, beetle, larva, and pupa.

Fig. 7. Spluerostilbe coceophila.

*Figures i, 2, 4, 5, and 7 are original. Figi:res j and hare re-drawn from Bulletin

No 13 n. s , U. S. Department of Agriculture, Division of Entomology, "The San

Jose Scale: its Occurrences in the United States, with a full Account of its Life

History and the Remedies to be used against it," pp. 51 and 52.
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Plaie II
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Plate III

Fig I.

F.K z
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Plate IV.

^'^
\

PAkASilbS of the SAN JOSE SCALE





THE ECONOMIC ENTOMOLOGY OF THE SUGAR
BEET.*

New enterprises,—new difficulties; new crops,—new insect enemies

and old enemies in a new role. The recent introduction and rapid

extension of sugar-beet culture in America have brought to general

notice several insect species not before known as injurious, and have

given a new food to others well known for their attacks on the older

crops.

The beet plant is very similar as food for insects to some of our

commonest weeds, and hence it has attracted the prompt attention of

several species which, if we have noticed them at all, we have hitherto

regarded as our friends; and it has also served to give additional variety

to the diet of several crop insects of somewhat general feeding habits.

It has thus already recruited a large entomological following—about one

hundred and fifty species in America, if we put upon the list everything

which has thus far been found to feed upon the beet in the field. Most
of these, of course, can hardly be called injurious in the economic sense,

but with our present knowledge of the subject about forty species may
be definitely so classed. Furthermore, we may expect additions to this

list from time to time, since the necessary concentration of beet culture

in the neighborhood of factories and the consequent devotion of large

areas to this crop year after year for an indefinite period give oppor-

tunity for an extraordinary multiplication and a continuous maintenance

*This paper (printed also as Bulletin No. 60 of the Illinois Agricultural Experiment Station) consists

essentially of a summary of published knowledge concerning insect injuries to the sugar beet in the

United States, but includes also the results of studies of beet insects made at the office of the State Ento-
mologist and under his direction during the years 1898 and 1899, together with various data concerning the

species treated taken from the office records of observation and experiment. It is my intention to

follow the preparation of this preliminary report with continuous studies of the subject year after year,

and especially to make insecticide experiments with a view to ascertaining the best and cheapest poisons
and methods and apparatus of application for use in the sugar-beet field.

I shall be extremely obliged to sugar-beet growers of Illinois and adjacent states for prompt informa-

tion of the appearance of insect injuries in their beet fields and for any other helpful datn.
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of its insect enemies. Doubtless, also, many beet insects which in the

short period since beet culture began in America have been present in

small or moderate numbers only, will from time to time exhibit that

tendency to extraordinary and alarming multiplication common among

the injurious species generally.

It must not be inferred, however, that the beet plant is especially

liable to insect injury. On the contrary, taking the country at large,

it is at present less subject to such damage than corn or wheat, cabbage

or potatoes. It is a fact particularly favorable to this crop that the

marketable part of the plant is but little subject to injury by insects, by

far the greater part of the species which feed on it infesting only the

leaf, and relatively few injuring the root.

The critical period of insect injury to the beet is in the beginning

of the season, while the plants are still small and slow of growth. There

is at this time so little vegetation on the ground that a comparatively

small number of insects may serve to lay the field completely bare;

and poisons are often not available since a leaf-feeding insect may com-

pletely devour the little beet while getting a fatal dose of poison for itself.

The principal injurious groups are the leaf-miners, the web-worms,

the cutworms, the woolly bears and several other leaf-eating caterpillars,

the wireworms, the white grubs, the flea-beetles, the blister-beetles, the

plant-bugs, the leaf-hoppers, the plant-lice, and the grasshoppers. The

web-worms, the cutworms, the flea-beetles, the blister-beetles, the leaf-

miners, and the root-lice have done the greater part of the mischief in

the states beyond the Mississippi, but in Illinois the only considerable

injury seen by us in 1898 and 1899 was that done by the pale striped

flea-beetles, the grasshoppers, and the blister-beetles.

Insect injuries to the underground part of the beet commonly take

the form either of a cutting of the tap-root, an eating away of the

smaller roots, or a burrowing or excavation of the mass of the beet

itself. They are commonly due either to wireworms, to white grubs, or

to the beetles of one of the muck-worms {Ligyrus gibbosiis^. More

rarely root-lice seriously damage the plant in summer by sucking the

sap from the roots. It is probable that larvffi of some of the flea-beetles

will also be found to infest the plant under ground.

Injuries to the leaf may be done either by bugs with a sucking beak,

or by beetles, grasshoppers, or insect larvre, with biting mouths. The

former abstract the sap from the stem or the blade of the leaf, often

making discolored spots, dwarfing the growth and causing the leaf to

curl, or even killing it completely. Beetles and their larvae, caterpillars,

grasshoppers, and the like, commonly make holes in the leaf, the smaller

insects small circular holes as a rule, and the larger ones either gnawing

away the edge of the leaf, eating out irregular holes, or, if cutworms,

cutting off the stalk near the ground. Small holes made in the young
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growing blade may greatly enlarge as the plant expands, becoming

longest in the direction of the most rapid growth. Certain maggots of

flies (the leaf-miners) eat out the interior substance of the leaf in patches,

leaving the cuticle unbroken.

EXAMPLES OF INSECT INJURY TO THE BEET.

The first injury to the beet reported in America was a mining of

the leaves by the maggots of certain flies in a New York vegetable

garden, an injury sufficient to prevent the use of the leaves for "greens."

Later, serious and extensive damage was done by these leaf-miners to

fields of sugar beets in California. The leaf is penetrated by the

insects, and the tissue is eaten out between the upper and lower layers

of the cuticle, colorless blister-like spots being thus produced.

Perhaps the most destructive of the beet insects in the West are the

garden web-worms {Loxosiege simiialis and L. siiciicalis). The latter

was in 1892 the chief depredator in the beet fields of Grand Island,

Platte Center, and several other Nebraska localities, where many of the

plants were entirely defoliated.

The garden Mamestra {Mamestra trifolii), a caterpillar allied to

the zebra-caterpillar of the cabbage, has been reported by Professor

Lawrence Bruner, of Nebraska, to be quite common in his state, and is

sometimes considerably injurious to the beet.

Cutworms have been noticed wherever beets are raised. Bruner

reports them in 189 1 as occasionally quite destructive to the plant while

it is small, continuing their injury more or less throughout the summer.

They commonly cut off the leaf at or a little below the surface of the

ground, but some of them merely feed upon the blades. In 1892 they

almost entirely destroyed sugar beets growing upon two Experiment

Station plats at Lincoln, Neb., on one of which only about twenty per

cent, of a stand was obtained. It was noticed here that little injury

was done on land plowed the preceding fall and a second time in spring.

Osborn noticed cutworms in Iowa doing serious injury to young beets

in 1891.

The army-worm (^Leucania unipuncta) has occasionally attacked

the beet, with other vegetation; and grasshoppers are frequently respon-

sible for a considerable injury in the latter half of the season. They

are not especially fond of this plant, however, and rarely injure it

seriously except when- their numbers are excessive. The caterpillar

known in the West as the army-cutworm {^Chorizagrotis agrestis) de-

stroyed beets, with many other plants, in Montana in 1897, traveling by

night like the eastern army-worm, and collecting in masses in irrigation

ditches to a depth of six to twelve inches. The western Laphygma or

beet army-worm {^Laphygma flavimaculata), related to the grass-worm

of the East, almost completely defoliated hundreds of acres of beets in
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Colorado in 1899. Several of the flea-beetles—readily distinguished

from other beetles infesting the beet by their leaping habit when

alarmed—seriously injure the leaves by riddling them with small holes.

The worst of these is the pale-striped flea-beetle {Systena tayiiata),

abundant in beet fields in Illinois in 1898 and 1899. Two insects hith-

erto little noticed by the economic entomologist, and known locally as

French bugs (^Monoxia puncticollis and Af. consputa), have made a

serious attack upon this plant, the first of these species in New Mexico

and the second on the Pacific coast—especially in Oregon. The former

sometimes riddles the leaves, leaving only a network of veins, and of

course checking the growth of the plant or even killing it.

The well-known blister-beetles of various species have infested beet

fields with serious consequences in many places, especially in the

northern Mississippi Valley. They are most destructive, as a rule, after

a period of unusual abundance of grasshoppers, on the eggs of which

their larvae feed. The muck beetle {Ligyrus) has occasionally been

somewhat injurious to beets over limited areas in western Nebraska,

working underground and gnawing the beet from without, sometimes

entirely imbedding itself in the root. White grubs and wireworms are

less injurious than might be supposed from their great numbers and

general feeding habits, owing, no doubt, to the fact that beets are rarely

planted after grass, in which these insects mainly breed. A root aphis

{Pemphigus belce) sometimes does serious injury, frequently attributed

by beet growers to the more active and conspicuous ants which live in

its company. The most noticeable instance of this injury known to

us was reported from La Grande, Oregon, where both the quantity and

the quality of the crop were seriously affected in 1899. A considerable

injury has been done by one of the green plant-bugs or stink-bugs

(^Liodenna) locally abundant from South Dakota to California and

Mexico.

PRINCIPAL PREVENTIVE AND REMEDIAL MEASURES.

The more important measures of prevention of insect injury to the

beet are clean culture and a suitable system of rotation. So many of

the insect enemies of this plant depend largely upon certain common
fleshy weeds, that the growth of these in or near a beet plantation is a

menace to the crop. The red or spiny pigweeds {Ajnarantus), white

pigweed or lamb's-quarters {Chenopodii/m album), purslane, and the

cocklebur are the principal examples. Weeds of this description should

not be allowed to gain any foothold or even to make a start in or about

a beet field, for if they do they are likely to attract their special insects,

which, when these weeds are destroyed, transfer their attentions to the

beet, sometimes with highly destructive effect. Many beet insects pass

the winter on the ground under the protection of fallen leaves and other
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vegetable rubbish, while others hibernate in the earth of plowed fields.

The raking and burning of vegetable trash in fall to destroy the winter

harborage of injurious insects, and fall plowing to break up the earthen

cells of underground species are consequently useful general measures

of prevention. The preparation of the soil now commonly preferred

by beet growers, that is, plowing thoroughly both in fall and spring, is

an important safeguard against insect injury, especially against cutworm

attack.

Beets should not be preceded on the same ground by any crop

especially liable to breed and feed the more prominent beet insects.

Thus a system of rotation in which beets follow upon grass would be

highly objectionable, since some of the worst insect enemies of the

beet—the cutworms, the wireworms, and the white grubs, for example

—

commonly breed in sod. Either oats or corn may precede the beet

without objection from the entomologist, the choice to be made between

these two on general agricultural principles.

There is no direct remedy available for injuries to the underground

part of the beet*, but injuries to the leaves may commonly be arrested

by the use of one or the other of the ordinary insecticide sprays; kerosene

for plant-lice, leaf-hoppers, and other insects which pierce the leaf with

the beak and suck the sap, or one of the arsenical poisons for those

which eat the leaf. Kerosene may be applied as an emulsion with soap-

suds; or, more conveniently, as a mechanical mixture with water, thrown

upon the plant by means of one of the special sprayers now constructed

to deliver fixed proportions of water and kerosene intermingled in a very

fine spray. The smooth surface of the beet leaf makes it difficult to

apply fluid poisons successfully, since they are likely to run off, leaving

no residue sufficient to serve as a fatal dose. This difficulty may probably

be met by using either Bordeaux mixture or soap-suds instead of water

as a medium for conveying arsenic or Paris green. In this case a quarter

of a pound of Paris green and an equal quantity of lime should be kept

thoroughly stirred up in the tank or barrel with fifty gallons of the

Bordeaux mixture or the soap-suds, the latter of a strength to be de-

termined by preliminary experiment. When the beets are small the

arsenical poisons may probably be best applied, as advised by Professor

Gillette, by mixing one part by weight of Paris green with twenty parts

of flour and then dusting over the plants before sunrise on a dewy
morning. This application may, if more convenient, be made while

the leaves are moist from a recent shower. "To apply the poison," he

says, "make a small cheese-cloth sack about five inches in diameter and

ten inches deep. Fill it with the mixture of poison and flour and walk

*In Europe, volatile poisons like bisulphide of carbon are sometimes applied underground, especially

for the destruction of root-lice and wireworms; but this measure is doubtless too expensive of time and
labor for the American beet-grower, especially as injuries by these insects may be mostly avoided here by
a proper general management.
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along a row of plants shaking the sack over them. This can be done

quite rapidly when one has learned how, and is economical of poison

and does not require wheelbarrow or wagon to carry pump and tank.

* * * If a spray is used, apply either Paris green or London purple

in the proportion of a pound to a hundred gallons of water and add two

pounds of fresh lime for each pound of poison. The lime should be

slaked and strained through a sack to take out lumps. Then use a

nozzle that throws a fine spray, and do not continue the application in

any place long enough so that the drops sprayed upon the leaves will

run together and flow off, carrying the poison with them.

"If white arsenic is used, prepare according to the following direc-

tions: Put two pounds of white arsenic and eight pounds of sal-soda to-

gether in a dish and boil for twenty minutes in two gallons of water, and

keep as a concentrated solution. It is extremely poisonous and should

be placed at once where there is no possibility that children or domestic

animals can get it. Also, label it 'Poison^ in large letters. Then, in each

forty gallons of water, first slake four pounds of lime and then add

slowly one quart of the concentrated solution while the whole is being

stirred. The mixture is then ready for application, as in case of Paris

green. The lime should be strained through a cloth to take out the

lumps." *

Cutworms may usually best be destroyed either by hand-picking,

with lanterns at night, or by the use of poisoned baits. The most con-

venient and effective of these is a bran mash or dry bran, poisoned with

London purple or Paris green. For the preparation of the poisoned

mash the insecticide should be thoroughly mixed with dry wheat bran

—

a pound or two to twenty-five pounds of bran is a suitable proportion

—

with water enough, sweetened with molasses, to form a mash sufficiently

stiff to be dipped out without dripping. This is distributed, a large

table-spoonful in a place, along the row of plants, beginning while they

are still very young. Dry bran is poisoned by first dampening the bran

very slightly with sweetened water and adding the Paris green,—one

pound of the poison to fifty of bran,—shaking it on a little at a time

and stirring it in until the whole mass is evenly mixed. This poisoned

mixture may be conveniently distributed by the use of a seed-drill, filling

the seed box with poisoned bran and running lines of it close to the

rows. As a comparatively crude but more rapid rnethod, for use on a

large scale, clover or fleshy weeds may be sprayed with Paris green, cut

with a scythe or mowing machine, and pitched in small quantities from

wheelbarrows or small wagons wherever desired. The piles of poisoned

herbage should be placed at nightfall a few feet apart between the rows

of plants.

The blister-beetles can often be driven out of a field by whipping

* Press Bull., No. 3 (May, 1900), Agr. Exper. Station, Col., pp. 2, 3.
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or brushing the plants attacked by them, and once expelled they return

slowly or not at all. The very common striped species is usually quite

easily expelled in this way, but the margined blister-beetle is not so

easily driven. The injuries of these beetles should be arrested, if prac-

ticable, without destroying them, as in the larval stage they are ex-

tremely useful enemies of grasshoppers. Indeed they are commonly

numerous enough to be injurious only when grasshoppers are themselves

abundant or have been so very recently. The blister-beetles are also

subject to poisoning by Paris-green sprays. Mechanical measures for

the collection and destruction of leaf-eating insects are sometimes

resorted to in Europe, but have not as yet become necessary in this

country.

These general suggestions of insecticide measures must suffice for

this preliminary report, since few exact experiments have been made in

this country with insecticide applications to the sugar beet, and there is

very little expert testimony upon this subject to draw upon.

CLASSIFICATION OF THE SUGAR-BEET INSECTS.

As the beet grower usually cannot become an entomologist, and

probably does not wish to become one if he could, it is important that

he should have a means of identifying and recognizing insect injuries

to his beets without being compelled, more than is really necessary, to

make himself acquainted with the names and habits of the insects con-

cerned. This end he may accomplish in great measure by a careful

observation of the injuries to the plants themselves, by which means he

may readily limit his inquiries to a comparatively small number of in-

sect species capable of doing the kind of injury under observation.

Thus, if he finds the underground part of the beet eaten into or gnawed

away he of course excludes at once from consideration those species

which infest the plant only above ground, and also those which infest it

under ground but which merely pierce it with their beaks and suck out

its juicesj and similarly, if he finds the leaves ragged and evidently

being eaten away by biting insects, of whatever kind, his search for a

remedy is greatly simplified. He needs only to see whether the injury

is being done by blister-beetles, which should be driven from the field,

or by cutworms or grasshoppers, which may best be destroyed by poi-

soned baits. If he finds neither of these, he may proceed at once to

spray his plants with an arsenical insecticide, knowing that whatever

the insect agent of the injury may be this will be the proper method of

attack. In this paper the insects likely to do any single kind of injury

have been brought together for discussion in an economic group the

members of which are few in number and readily distinguishable from

each other, and the inquirer is thus brought by the shortest and easiest

route to the sources of the practical information which he desires.



The following classification of insect injuries to the beet and

arrangement of injurious insects under them in economic groups is

intended as an aid to these identifications.

KEY FOR THE RECOGNITION OF INSECT INJURIES TO BEETS,

Plant apparently injured, but its substance above ground not evidently

eaten in a way to account for the injury. . . . .2.
I Substance of leaf evidently more or less eaten away. (Injuries by biting

[ insects; arrested by arsenical poisons.) . . . .7.
Leaves discolored— that is, specked, spotted, or blotched with whitish,

yellowish, or purple; often more or less wrinkled or curled. (Injuries

2 •{ by sucking insects or by mites; arrested by kerosene sprays.) 3.

I Leaves not specked, spotted, wrinkled, or blistered to account for injury;

[ under-ground part of plant affected. . . . .6.
Under surface, when very closely examined, seen to be covered with a very

fine loose dirty web. Discolored blotches large, more or less cupped

3 { beneath. Minute oval reddish specks moving on surface of leaf.

J?ed Spiders, p. 58.

Surface of leaf not webbed. . . . . . .4.
I Small blister-like cavities in the thickness of the leaf, making colorless

< translucent spots. . . , Leaf- miners, p. 59.

( Leaf without blister-like spots. . , . . . • 5-

f
Many small greenish, yellowish, or grayish soft-bodied hopping insects on

I leaves. Empty skins of the same usually scattered on the surface.

<j Discolored specks of the leaf small. . Leaf-hopf<crs, p. 62.

I

Leaf-hoppers not abundant. Discolorations usually larger.

[ rianl-lice, leaf-bugs, flant-hugs, and other Ilemiptera, pp. 80-100.

I Small sluggish greenish insects numerous on underground growth, usually

I
associated with ants. . . , Root-lice, p. 159.

I

Roots eaten, excavated, or burrowed.

[ IViretvorms, zvhite grubs, muck-beetles,* •^^. 161-165.

3
Leaves cut off at ground. .... Cutiuorms, p. 100.

( Leaves not cut off. ....... 8.

j
Leaves rolled or folded. ...... 9.

( Leaves not merely rolled or folded. . . . . .10.

I Leaf rolled at edge, small striped green caterpillar within the roll.

; Leaf-rollers, p. 105.

I

Leaf folded lengthwise at middle, sides closely webbed together, small

[ green caterpillar usually in fold beneath web. Leaf-folders, p. 106.

( Plant more or less covered or inclosed with loose open web, leaves eaten

by spotted or striped caterpillars. . . U'eb-icorms, p. 106.

' Plant not webbed, leaves free. ..... 11.

I Leaves riddled by small, usually circular holes. Many small hard leaf-

J
beetles present. . Plant-beetles, )lea-beetles, etc., pp. 112-12S.

I

Leaves ragged by coarse irregular openings or eaten away irregularly from

[ edges. . Grasshofpers, beetles, caterpillars, etc., pp. 128-158.

See also the dark-sided cutworm (Curneadcs inessoriu), p. 102, foot-note.
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DETAILED DISCUSSION OF GROUPS AND INJURIES.

The imperfect state of our knowledge of the sugar-beet insects in

America has made it important that both the beet grower and the

investigating economic entomologist should be considered in the prep-

aration of a detailed account of species and injuries. For the benefit

of the beet grower the species have been discussed, so far as possible,

in economic groups, and those which do the principal harm, or seem

likely to become important enemies to this plant, are treated with

especial fullness. As an aid to investigation, however, even relatively

insignificant species have been noticed, and at least mention has been

made of every insect known by us to be to any extent destructive.

Considerable attention has also been given to the bibliography of the

subject, and every bibliographical reference of any importance in our

possession is contained in the list of papers presented herewith.

Especial acknowledgments are due to Professor Lawrence Bruner,

of the State University of Nebraska, for a coinplete list of insect species

known to him as injurious to the sugar beet and for other useful infor-

mation without which the difficulty of preparing this paper would have

been very much increased.

Copies of published figures have also been received from Professor

Bruner and from others as follows: from the Division of Publications

of the U. S. Department of Agriculture, through the kindness of Dr. L.

O. Howard, Chief of the Division of Entomology; from Prof. H. E.

Summers, State Entomologist of Iowa; from Prof. Otto Lugger, State

Entomologist of Minnesota; from Director C. D. Smith, of the Michigan

Agricultural Experiment Station; from Director Jas. H. Shepard, of the

South Dakota Agricultural Experiment Station; from R. W. Doane,

Assistant Zoologist of the Washington Agricultural Experiment Station;

from Prof. M. V. Slingerland, Entomologist of the Cornell University

Agricultural Experiment Station; from Dr. Jas. Fletcher, Dominion
Entomologist and Botanist to Government Experimental Farms, Ottawa,

Can ; from Director Chas. D. Woods, of the Maine Agricultural Ex-

periment Station; and from the J. B. Lippincott Publishing Company,
Philadelphia.

To Mr. Theo. Hapke, formerly of the Illinois Sugar Refining Com-
pany at Pekin, and to Prof. P. G. Holden, Superintendent of the

Agricultural Department of this Company in 1900, we are indebted for

many courtesies shown and assistance given during visits to their premises

for the study of beet insects in the field.



— 58 —

Leaves of plant discolored, and lower surface covered with a delicate,

loose, and dirty webbing.

THE RED SPIDERS.

The Common Red Spider.

Tetratiycluis bimaculatus Harv.

About the first of September, 1899, during a period of uncommonly

dry weather, in sugar-beet fields near Tremont and Pekin, III., plants

were observed here and there, most commonly near the margins of the

fields, which were conspicuously paler than the rest, many of the leaves,

especially the larger ones, being spotted and blotched with pale yellow-

ish. The under surface of the leaf beneath these faded spots was un-

usually dirty, and with a magnifier was seen to be coated with a fine

loose web containing many minute particles; and moving over the sur-

face of the leaf were minute oval translucent reddish mites, usually

marked on each side of the back with a darker blotch. Many of the

dust-like particles in the web on these leaves were evidently empty egg-

shells of the mite, and others were its globular excreta. Careful com-

parison of these specimens and of those found abundant on hemp in the

vicinity of beet fields in 1900, showed that all belonged to the species

mentioned above.

The injury was not serious here, and no other instance of the occur-

rence of the "red spider" in beet fields came to our knowledge last

year; but- the very severe injury which many kinds of vegetation suffer

from these mites, particularly in hot and dry weather, makes it desirable

that the attention of beet growers should be called to them. Although

they are commonly more injurious to greenhouse plants than to growths

in the open air, their occurrence on trees, shrubbery, and herbaceous

vegetation generally is well known. '

A correct idea of the form and structure of this mite may be got

from Fig. i, 2, 3, and no extended description need be given here, espe-

cially as other species of the genus will very likely be found abundant

on the beet leaf. The life history of these mites has not been thoroughly

worked out, but they are believed to winter as adults among dead leaves,

in the crevices of sticks, and in similar shelters. They begin to breed

as soon as the weather favors their multiplication and continue active

throughout the season, but the number and succession of generations

is as yet unknown. According to the observations of Prof. F. L.

Harvey,* by whom this species was described, it infests an unusual list

of plants, distributed through no less than twenty-four of the botanical

orders. Those worst injured at Orono, Me., were beans, fuchsias,

wedding bell {Brugmansia^), castor-oil plant, and Boston smilax {Myr-

*Ann. Rep. Me. Agr. Exper. Station, 1892, p. 133.
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siphyllmti). Among the other host plants are mignonette, pinks, roses,
apricots, cucumbers, musk-melons, fever few, verbenas, sage, helio-
trope, cypress vine, moon-flower, morning-glory, tomato, egg-plant,

Rg 3.

The Red Spider, Tetranychus hi- The Red Spider, Tetranychus bi- The Red Spider, Te-
ntaculattis, male, greatly mr.gnified. viaculatiis, female, greatly magni- trafiychus bhiiaculatus,
(Harvey.) fied. (Harvey.) foot. (Harvey.)

hop, and calla. If an insecticide operation is required for the destruc-

tion of the red spider in beet fields, the usual kerosene sprays (see page

53) would probably be effective if so applied as to reach the under
side of the leaves.

Leaves itiarked with irregular blister-like blotches, due to removal of
substance between the upper and the lower cuticle.

THE BEET LEAF-MINERS.

Chortophila floccosa Macq.

Chortophila beiarum Lintn.

Pegomyia vicitia Lintn.

The beet leaf-miners are the larvae or maggots of small flies which
mine out the interior substance of the leaf in blotches of various shape,
leaving the cuticle entire until it is ruptured later by the escape of the
full-grown larva for pupation in the earth. The abandoned mines then
become dried, shriveled, and discolored, and are further torn by the
subsequent growth of the leaf.

The three species known to injure the beet in America were re-

ported from a single vegetable garden in New York by Dr. J. A. Lintner
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in 1881*. "A leaf free from eggs," says he, "could rarely be found,

and so large a number of the leaves were blotched by this means that

they could be no longer used for 'greens'." The attack continued

throughout the greater part of the season^ and a similar instance was

noticed in 1882 by Dr. Lintner in Vermont.

Fig. 4. The Beet Leaf-miner, Pegomyia n'cina: a, surface of egg. very highly magnified; b, larva;

c, last segment of same; d, anal spiracles; e. head;/", thoracic spiracles; g, cephalic hooks of larva; /r,

piiparium; ?, adult fly; k, head of male; /, head of female. (From Howard, U. S. Dept. of Agriculture.)

A much more serious injury by these insects occurred in California

in 1891 on the plantation of the Western Sugar Beet Company, where

about a thousand acres of promising beets were all more or less dam-

aged by one of the species above mentioned {P. vicina). In 1894 and

1895 the same species did much harm to spinach in New York, as

reported by F. A. Sirrine.f These or related species feed also on the

common white pigweed or lamb's-quarters {jClienopodiutn albuni), in

which they are often extremely abundant, and from this plant they are

likely sometimes to spread to the beet.

The eggs are placed by the female on the under surface of the leaf,

sometimes singly, but most commonly in numbers varying from two to

five together. From thirty to forty have sometimes been counted on a

single leaf. The larvae enter the leaf at once on hatching, making a

burrow which is in the beginning scarcely wider than the diameter of

the egg-shell, but which expands within a short distance into an irregu-

lar blotch. When two or more eggs are placed side by side the larvce

from them occupy the same cavity. When they become so crowded as

* First Ann. Rep. State Ent. N. V., p. 203.

t Fourteenth Ann. Rep. N. V. Agr. Exper. Station, p. 619.
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to interfere with each other's food supply, some of them may leave their

native mines and form others elsewhere. The leaf-miners observed by

Dr. Lintner usually entered the earth for pupation, although a few

formed their puparia between the leaves. From existing accounts it

appears that the species hibernate in the puparia, from which the flies

emerge in April and May. The work of the larvae has been seen in the

field from the middle of May until November 20. In Howard's breed-

ing experiments the life cycle of a generation was about a month in

length, and there are evidently several broods in a season, six or seven

in New York, according to Sirrine's opinion. The great variation in

the numbers of these insects in different years is probably to be ex-

plained, in part at least, by the destruction of their eggs and larvae by
other insects. Most of the eggs examined by Lintner in September,

1881, had been destroyed, apparently by some insect which punctured

them and fed upon their contents. A common predaceous insect,

Coriscus ferus, was observed by Sirrine apparently puncturing the larvae

from the outside as they lay in the mines.

The following general description of Pegomyia vicina in its several

stages, given by Mr. Sirrine, will serve for the identification of these

insects.

"The eggs are white, about .03 of an inch in length, delicately

reticulated and nearly cylindrical in shape. The white reticulated por-

tion of the egg is an outer covering, and is easily removed in little

scale-like particles. When the eggs are deposited this covering is

apparently viscid and aids in attaching them to the leaf. Beneath this

reticulated covering is a semi-transparent membrane.
"The maggot or larva is about five-sixteenths of an inch long when

full grown, larger at the posterior than at the anterior end. When first

taken from the leaf they have a white, glassy appearance. In the

posterior half of the body the green contents of the intestine show quite

distinctly, while the black, hook-like jaws, or what answers for jaws,

can be seen as a curved line at the anterior end.

" The puparium, or resting stage, is about .21 of an inch' long,

chestnut-brown in color when formed, but soon changing to a dark

brown and difficult to distinguish from the surrounding soil.

" The flies are quite variable in size. They usually carry the body
in a slightly curved position. The front of the head is silvery white

with a reddish brown line extending vertically through the center. The
females are of an olivaceous ash color, and can be distinguished from

the males by the following characters: The eyes are smaller and placed

further apart than in the male. The legs, excepting the tarsi, are yellow

or reddish yellow. The body is not as hairy as in the males, nor are

the hairs as long, except at the end of the abdomen where there is

a distinct tuft of long hairs. The males are darker colored than the
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females, more hairy; the femora of the front pair of legs are nearly the

same color as the body, the remaining legs are the same color as in the

females. The eyes are large and nearly meet on the crest of the head." *

No serious attempt has yet been made to destroy these insects or

to prevent their multiplication. Sirrine applied kerosene emulsion to

infested spinach leaves in 1895, but without success. It was by him
at first supposed that deep plowing and rolling of infested fields in fall

would bury the pupse to a depth such that the flies emerging could not

escape, but experiments showed that they could work their way through

at least eight inches of dirt. Leaves of beets in badly infested fields

should undoubtedly be destroyed, since many of them will contain the

insect at the time of beet harvest; and the presence of this insect serves

to emphasize the general recommendations made with respect to sup-

pression of pigweeds and other fleshy vegetation, in the leaves of which

certain of these flies are said to breed.

Leaves not eaten, but definitely and mmutely specked or blotched with

white or yellowish. Small green^ yellowish, or grayish, hopping insects

on the leaves.

THE LEAF-HOPPERS.

Jassoidea and Delphacinoi.

Everywhere in the fields and grass-lands and on the leaves of trees,

from early summer onward, small, rather slender, soft-bodied and very

active insects may be found in abundance, usually greenish or grayish,

often prettily marked with black or with brighter colors, the younger

ones wingless, the adults with wings like those of grasshoppers in posi-

tion when at rest. They vary from an eighth to half an inch in length,

most of them being of the smaller size. They infest a very great variety

of plants, and about thirty different species have been found on beets.

These are the leaf-hoppers—a name given them because they are found

mainly on leaves and because they hop vigorously when alarmed.

Their mouth parts form a sharp-pointed beak, directed downwards

and backwards between the fore legs when at rest, and with this beak

they puncture the leaves and soft stems of plants, sucking out the sap

for food. Individually their injuries are insignificant, amounting to

scarcely more than the draining of a few plant cells of sap for each

meal; but the total effect of their attack for the entire season, especially

when circumstances favor an extraordinary increase of their numbers,

is sometimes serious and may become destructive. The immediate

effect of their presence is seen in the appearance of small pale specks

* From the Fourteenth Ann. Rep. N. Y. Agr. Exper. Station, pp. 629, 0^30.
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on the surface of the infested leaf, each speck representing a point of

plant tissue deadened by the withdrawal of its living substance. A mul-

tiplication of these dead blotches interferes with the performance of

the function of the leaf, checks the growth of the plant, and, if exces-

sive, may cause parts of it to die. Sometimes on the young leaf the

injurious effect extends some distance beyond the puncture, as shown

by a discolored stripe extending towards the tip of the leaf. The attack

begins in early spring, and is continued without cessation until fall, the

numbers of these insects increasing with the advance of the season as

the various species breed in successive generations.

The eggs are laid, as a rule, in the stems and leaves of plants or

between the leaf-sheaths and stems of grass-like plants which have en-

sheathing leaves. In an outdoor breeding-cage containing blue-grass

and timothy a large number of grass leaf-hoppers in considerable variety

were placed September lo. From September 19 to October 22 numer-

ous minute eggs were found inserted side by side in a symmetrical row

in the sheaths of the timothy. They were slightly curved, slender-

elliptical in form, at first translucent yellowish and later reddish. These

eggs were not hatched, but their resemblance to known eggs of leaf-

hoppers appears sufficient for their identification. The various species

hibernate as eggs or as adults, with which larvae are sometimes mingled.

Those which pass the winter as adults begin to deposit their eggs in

spring as soon as the season opens, and the young from these and from

hibernating eggs of the preceding year become abundant in early sum-

mer. As some species are single-brooded while others of similar habit

produce two and three or more generations in a year, all stages of these

insects can be found at almost any time, and systematic discrimination

of generations can be made by careful breeding experiments only. A
comparison of dates of collections made by us in Illinois, with those

made by Professor H. E. Summers in the Southern States goes to show

that species two-brooded in Illinois are frequently three-brooded farther

south.

The leaf-hoppers are, on the whole, unusually free from insect

enemies. Two bugs of predaceous habit feed on them freely, namely,

the damsel-bug {Coriscus ferns') and the glassy- winged soldier-bug

{^Hyaliodes vitripennis). Certain parasites also check their multiplica-

tion by destroying the sexual organs of the adults.

Leaf-hoppers have not thus far been reported as sufificiently injuri-

ous to the sugar beet to require special measures for their destruction.

The program of agricultural management included under the general

head of clean culture—not only for the beet plantation but for the entire

farm—will tend to keep their numbers down. If, however, they become

seriously injurious it may profitably be remembered that they may be

destroyed by the use of kerosene sprays—either the emulsion with soap



— 64-

ov the mechanical mixture with water already referred to on page 53.

This might perhaps be successfully applied by a simple apparatus

recommended by Professor John B. Smith for the destruction of leaf-

hoppers in potato fields. Four nozzles suitable for producing a fine

profuse spray are carried on a horizontal bar suspended from the back

of the wagon, the nozzles being directed forward and a little downward.

A light board is hung three or four feet in front of thQ horizontal bar to

stir up the leaf-hoppers and expose them to the fine kerosene spray with

which the air is filled. Arsenical insecticides would of course be with-

out important effect, since these are internal poisons and could not

reach the digestive organs of a sucking insect.

The general aspect of the leaf-hoppers may be easily recognized

after an examination of the various figures in this text. There is no
special economic value in a discrimination of the numerous species in-

festing the beet or in the details of the life history of each, but these

will nevertheless have a certain general utility as an aid to observation

and record by economic entomologists, and an attempt is therefore

made here to give the most conspicuous distinctions of each group

without entering into difficult structural details.

It will first be necessary to separate the leaf hoppers known to infest

the beet into four groups, distinguished in part by the position of the

bead-like ocelli which always lie somewhere between the compound

eyes.

The first group (PI. I.), belonging to the family Fulgoridic, subfamily

Delphacince, are small, witli clear membranous wings bearing various

dark markings. The head and thorax are acutely ridged, and the

antenn;i3 have a stout finger-like base, with a thread-like terminal bristle.

The ocelli are close in front of the lower angle of the compound eyes,

and there is'a conspicuous movable spine at the tip of the hind tibia.

The same species sometimes presents both long-winged and short-

winged forms.

The remaining groups belong to the superfamily Jassoidca, with

opaque or tinted wings, the antennal bristle rising from a merely thick-

ened base, and the ocelli higher up on the head. In the second group

(Fig. 5-7) the species of Agallia only are included. These are small

brownish strongly wedge-shaped insects, with head obtuse in front, and

the ocelli well up on tlie face but below the front margin of the head.

The third group (Fig. 8, 9) includes the large species treated in this

paper, those belonging to Onconietopia, Diedrocepliala, and Gypona.

They range from three-sixteenths to half an inch in length. The most

distinctive characteristic is the position of the ocelli_ wliich are on the

flat top of the head, between the eyes.

The fourth group (Fig. 10, 11; PI. II.; PI. III., Fig. i, 2) contains a

large number of species, nearly all quite small and variously colored.
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with the ocelli wanting or, if present, situated on the front edge of

the head.

The three species of the first group on our list have been but little

noticed by economic entomologists. Stobera tricarinata (PI, I., Fig. i)

and Liburnia ornata (PI. I., Fig. 3) have a broad brown cloud in the

shape of an inverted V near the tip of each wing. In Stobera the wing

veins are all spotted alternately black and white, and there is a brown

spot on the lower edge of the wing within the inverted V. The head

and thorax are yellowish or brownish above, and the face is barred with

black. Liburnia ornata is most quickly recognized by a conspicuous

narrow white line from the middle of the back over the thorax and head,

with a black line each side. It has a clearer wing, with black dots on

the basal part only of some of the veins. Narrow brown lines extend

from the V-shaped cloud along some of the veins.

Liburnia puella (PI. I., Fig. 2) has a black head and thorax and

transparent wings, each wing with a brown spot at its upper edge near

the middle of the length of the body, making, when the wings are folded,

a distinct brownish blotch near the middle of the body.

Four species of Agallia taken on beets comprise the second of our

groups. In these the narrow upper surface of the .head bears at least a

pair of round black dots, and the prothorax usually has one or two

pairs of dots, anterior and posterior, with sometimes a longitudinal

black line between them.

Agallia 4-punctata (Fig. 5, a') is yellowish brown, the dots on the

head distinct as well as a pair on the prothorax close to its hind margin.

A. pair of prothoracic dots in front of these and a median dark line are

also sometimes present. The wings are brown, with pale veins. Agallia

novella (Fig. 6, «), a common Illinois species, is also yellowish brown,

the imago often more or less suffused with bronze. The head bears four

distinct black dots above, an additional one on each side being placed

behind the eyes. The posterior pair of thoracic dots are well marked

but commonly rather small, placed about half way between the front

and hind margins, and the median longitudinal thoracic line is also

usually present. The wings are pale, with paler veins. Agallia

sanguinolenta (Fig. 7, a), our commonest species of the genus, is com-
monly darker brown; the dots on the head, and usually the first pair on

the prothorax, are large and distinct, the other markings not so evident.

The prothorax and the head above are commonly streaked with darker

bands, the scutellum bears a W-shaped dusky mark, and the wings are

more or less dusky brown with the veins partly black and partly white.

Ap^allia uhleri, a western species, is a pale insect with two dots on the

head and only a trace of the first pair on the thorax. The wings are

whitish with the veins darker posteriorly.

The nymphs of these species of Agallia present also some evident
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distinctions. That of 4-punctata (Fig. 5, c) is dark with a pair of sub-

quadrate horn-like processes projecting forward between the eyes, and

there is a serrate crest along the middle of the back of the abdomen.

The nymph of novella (Fig. 6, c) is similarly crested, and the top of

the head projects somewhat upwards but scarcely forward; that of

sanguinolenia (Fig. 7, c) has neither crest nor cephalic projections,

but the black head-dots are visible. The nymph of iihleri we have

not seen.

Of the third group, Oncometopla undata (Fig. 8) is a full half inch

in length, the wings are purplish, and the head and scutellum are orange

reticulate with black. Diedrocephala versuta is about three-sixteenths

of an inch long, dark yellowish green, with one greenish blue and two

orange stripes on each wing and some marginal black dots near the tip.

The head is ornamented above with a yellowish submarginal stripe,

often bluish, and one down the middle, both sharply defined by fine

black lines. Diedrocephala mollipes (Fig. 9), a very common species,

is similar to the foregoing but larger, from a quarter to three-eighths of

an inch long, the wings dark green with bluish veins and yellow edges,

the head, scutellum, and front of thorax yellowish, the first with some

fine black lines irregularly placed. Gypona octolineata is a broad,

oval, straw-colored species, three-eighths of an inch long, the thorax

indefinitely lined with yellow or reddish, and the ocelli bright, but

pale red.

The last and largest of the four groups is difficult of satisfactory

analysis. Among the larger forms Platymetopms acutus (Fig. 10) is

bright brown with ivory-whitish spots and a notably broad and pointed

head. The wings have a series of oblique black dashes along their

lower edge, and are so shaped that they diverge behind the body when

folded, leaving a broad notch between them at the tip. Eutettix

seminuda has a short, broadly rounded head and a whitish back with a

large light brown saddle-mark. Phlepsius irroratus (PI. III., Fig. 2)

is whitish with a very fine dark brown network on the upper surface,

giving the general effect of a uniform light brown shade. It is three-

sixteenths of an inch in length, or more. Deltocephalus inimicus (Fig.

12) is best known by the three similar pairs of large black dots, one on

the head, one on the prothorax, and one on the triangular scutellum.

The wings have a whitish ground-color with brown margins to the cells.

Among the small green species Deltocephalus melsheh?iert {Y\g. 11) is

gray-green without distinct markings, and its head is unusually flat and

triangular above. Deltocephalus nigrifrons (PI. II., Fig. 2) has a row

of six small black and nearly equal dots along the front of the head as

seen from above, and the face is barred with black. The two species

of Gnathodus here mentioned are plain dark green with very short heads,

the surface visible from above having the form of a curved band of
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nearly equal width throughout. In G. abdoviinalis the back of the

abdomen is brownish, while in G. impictus it is green like the rest of the

body. Cicadula sexnotata (PI. II., Fig. i) has a pair of black dots at

the back of the upper surface of the head, and in front of each of these

a pair of black cross-bars. The genus Empoasca includes the tiny

yellowish green forms excessively abundant in beet fields and elsewhere.

E. viali (PL II., Fig. 3) has six white spots along the front of the pro-

thorax; E. flavescens (PI. II., Fig. 4) has only three larger spots

in that situation; and Dicraneura fieberi is somewhat amber tinted,

with a pale cloud on the prothorax. Late in fall we once found a

number of grape-vine leaf-hoppers {Typhlocyba—PI. III., Fig. i) on

young beets. These, like the forms just mentioned, are very small and

delicate, but are brightly marked with black, ivory-white, red, and

other colors.

Stobera tricarinata Say.

{^Delphax tricarinata Say, Liburnia intertexta Uhl. MS.*)

(PI. I., Fig. I.)

This common leaf-hopper ranges from Canada and New Jersey as

far south as Texas and west to California. We have taken it occasion-

ally on sugar beets, and Bruner has recorded it as a beet insect under

the name Liburnia intertexta. We have collected it in sweeping grass

and weeds and once saw it puncturing a blade of corn.

It hibernates as an adult. Our data indicate that this leaf-hopper

is two-brooded. Adults have been taken by us principally in the fall

months and December and again in April and May (the hibernating

brood), and at the end of June and in July (the second brood).

Liburnia ornata Stal.

(PI. I.. Fig. 3.)

This pretty little insect ranges from the Mississippi to the Atlantic

coast; and it is not rare in the sugar-beet fields of Illinois. Its

life history is apparently like that of the preceding species. It has been

taken by us in large numbers in November in central Illinois, and in

April in the southern part of the state. It thus seems to hibernate as

an adult. We have again found it abundant on grasses, grains, and

weeds in central Illinois in July and in southern Illinois in August—

a

plain indication of a second brood.
•

Concerning this name Mr. E. P. Van Duzee writes us under date of October 20, 1899, as follows:

"In the National Museum is a pale specime'n that so far as I can discover does not differ in any re-

spect from the females of Stobera tricarinata Say, bearing a label Liburnia intertexta Uhler. The
name seems never to have been published. If no transposition has been made at the Museum you will

be perfectly safe in quoting this as the female of Say's species. This is taken from some unpublished

notes of mine on this family "
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Liburnia puella Van D.

(PI. I., Fig. 2.)

This species is recorded from Iowa, Mississippi, New York, and

New Jersey, and seems to have a more southerly range than L. ornata.

We have taken it repeatedly on sugar beets on the University farm in

July and October. In our general collections it is recorded for central

Illinois from grass, grains, and various low plants in July and again in

the fall up to about the middle of November; also, in August, for ex-

treme southern Illinois. It is thus probably two-brooded, hibernating

as an adult.

Agallia 4-punctata Prov.

{^A. punctata Kenyon.)

Fig. 5. Agallia 4-punctata: a, adult; b, nymph, side

e, elytron; f, female, g, male genitalia. (Osborn and Ball.)

iew; c, nymph, dorsal view; d, face;

This seems to be a northerly species, ranging from Canada and

New York to Colorado, Arkansas, and Kentucky. It is moderately

common in Illinois, but did not appear in our last summer's collections

from the sugar beet. It has been found on beets in Iowa, however, by

Professor Herbert Osborn, whose studies have contributed much to our

knowledge of the leaf-hoppers of this genus. The species under con-

sideration he says is "single brooded, the adult appearing in early

spring, the females remaining until into July. The eggs are probably

all deposited by the middle of June, from which the larvae appear in

July, and by fall are nearly or quite full grown, passing the winter and

issuing as adults again early the next spring." This species has been

found on a great variety of plants, mostly Compositce, such as sunflower

and boneset (»llupatoriiim), Cntci/era;, Chenopodiacea and their garden

relatives, beets, horseradish, cabbage, spinach, etc. "The larvae re-

main on or near the ground and conceal themselves in the rubbish and

humus, for which their color and appearance is peculiarly adapted."

They usually occur in woods and similar shaded situations, but also on
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plants, as mentioned above, whose abundant foliage furnishes the

requisite shade. The adults are usually found on the younger portions

of the stem.

Agallia novella Say.

(Macropsis nobilis, 14th Rep. State Ent. 111., p. 22.
)

Fig. 6. Agallia novella: a, adult; b, nymph, side view; c, nymph, dorsal view; c/, face; e, elytron;

y, female, g, male genitalia; k, male, side view. (Osborn and Ball.)

Osborn reports this species also as occurring on sugar beets in

Iowa. Its recorded range is similar to that of the preceding species,

and it also occurs in Mexico and Vancouver, having evidently a very

wide distribution over this country. We have collected it both in fields

and woods, from rye, blue-grass, strawberries, various grasses and

weeds, and from grape-vines, red cedar, apple, and pear. In the Four-

teenth Report from the Office of the State Entomologist of Illinois (p.

22) it is referred to as injurious to corn. Specimens sent to Uhler pre-

vious to that time had been named by him Macropsis nobilis Harr., and

this name—by which M. novellus Say was probably meant—was there

used to designate it. It is a common Illinois species, but did not ap-

pear last summer among the leaf-hoppers seen by us on sugar beets.

Like the preceding, it winters over in the nymphal stage. ^The hiber-

nating nymphs transform more slowly than those of A. 4-punctata, and

the adults from them are common till near the end of July. These pro-

duce young in August—about a month later than 4-punctata—which

approach maturity by fall, and winter over in leaves and rubbish.

Agallia sanguinolenta Prov.

{^Bythoscopus siccifolius Bruner.

)

This species, our commonest Agallia, seems to range over nearly the

whole United States, and is also found in Mexico and British America.
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It was first recorded as a sugar-beet insect by Bruner, and on account

of its abundance and its fondness for beets this leaf-hopper may now
and then give trouble. Osborn speaks of it as a persistent beet feeder,

Fig. 7. Agallia satiguinolenta : a, adult; h, nymph, side view; c, nymph, dorsal view; d, face

c, elytron;/, female, g, malejgenitalia. (Osborn and Ball.)

and in the sugar-beet plats on the Illinois University farm it was fre-

quently noted, becoming very abundant in October,

Unlike A. punctata it prefers open sunny localities, avoiding damp

shady woods. It is particularly destructive to clover, and in addition to

sugar beets attacks also celery, turnips, cabbage, strawberries, blue-grass

(to some extent) , and a variety of weeds—especially pigweed and lamb's-

quarters (A?narantus a.nd Chenopodiunt). Its punctures cause small white

spots on blue grass leaves. The larva keeps near the ground and hides

under rubbish. Its life history differs a little from that of the species of

the genus mentioned above. It seems to hibernate mostly as an adult,

under various sorts of rubbish—old boards, hay, and other like shelter.

We have taken it in such situations in December. In Osborn's breeding-

cages eggs were found inserted beneath the cuticle of the clover leaf

along the midrib of the blade, though most were probably laid in the-

leaf sterns or in the bases of the plants. The first larvae from spring

eggs appeared May 20th, and began to mature by July ist. Later, all

stages could be found together until on the approach of winter the young

all gradually became adult.

Agallia uhleri Van D.

This western species is recorded from garden and sugar beets in

Colorado by Gillette and Baker ('-'Hemiptera of Colorado," p. 81),

and also from Sisymbrium canescens and alfalfa. Various dates are given

from May yth to October 15th. The life history is not known.

Oncomeiopia undata Fabr.

This largest of our leaf-hoppers was found on sugar beets at Urbana

during the latter part of June. It seems to be especially a grape insect,
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sometimes seriously injuring the vines and the fruit

—

according to Walsh, laying its eggs in the stems, thus

checking the growth, and puncturing the stems of the

clusters, thus causing them to drop off. It is a greedy

feeder, in many cases seemingly pumping out more sap

Fig. 8. Oncometo- than it nceds, and ejecting this backward in a rapid suc-
Piaun ata.

ccssion of tiny drops. It is not confined to the grape, but

may be seen clinging in numbers to the stems of the blackberry, rasp-

berry, corn, okra, sunflower, and some common weeds. Being a very

large and common leaf-hopper, pretty well distributed over the eastern

United States, it may well deserve attention. It is more especially a

southern species, and in Illinois is commonest in the southern part.

Very little is known of its yearly history. Walsh surmises that it

hibernates as an t%%, the slits which he attributes to this species con-

taining empty shells in July. Our dates for the adults range from the

middle of May to the middle of July in Illinois, and to September loth

in the Southern States.

Diedrocephala versuta Say.

This green-and-blue-striped leaf-hopper of the Southern States

ranges north into central Illinois, but is not so common here as in the

southern part of the state. Examples were found at Urbana early in

October on sugar beets in the Experiment Station plats. It has a variety

of food plants, and in the South is very abundant on cotton but not

seriously injurious. Osborn says that it is similar in habits to D. coccinea,

feeding in quiet sheltered spots near thickets or woods.

Diedrocephala mollipes Say.

We have in this large dull green leaf-hopper one of the commonest
of our larger species, rarely abundant enough, however, to be econom-

ically important. Its range includes

the United States, Canada, Mexico,

IW"?;?vV r \J\<^f T \l^/ ^'^"^ Cuba. It was found frequently

J^^ 1 .^fFrtC /^\ *^^ sugar beets in October at Urbana,
'^ ""

but it feeds principally on sedges,

grasses, and grain plants, including

corn. The nymphs are light green

or yellowish, with sharply pointed

heads as in the adults.

There are two broods of this

species in a year. The eggs are

laid in rank grasses and sedges on low grounds, and although we have

found the adult in winter shelter as late as December i8th, the winter is

passed mostly in the t.gg stage. Probably a few nymphs also hibernate.

Fig. 9. Diedrocephala mollipes; a, young

nymph; i, older nymph; c, adult. (Osborn.)
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Most of the eggs hatch in May, the larvae becoming common in early

summer. In June these begin to transform to adults. We have taken

the latter in large numbers at electric lights in the first half of June, and

found them laying eggs for a second brood July i6th and 22d. The eggs

were placed in the pith and vi^oody tissue of bulrushes {Scirpus fluviatilis)

and in the substance of the leaf sheath and blades. June 23d to 25th

these insects were noted as common on corn, and one was seen in the

act of laying its eggs in a corn leaf. The second brood of larvae appear

in August and September, transforming in fall to adults. These, again,

gather in low grounds, and most of them lay eggs and die before cold

weather.

The species abounds especially on reedy grasses of the salt marshes

of the Atlantic coast. In Kentucky it suffered severely in late July and

early August from a parasitic fungus, Empusa grylli. It is probable that

the burning of slough grass and the like vegetation in winter would be

a useful measure of protection against injury by this insect.

Gypona 8-lineata Say.

This leaf-hopper, fairly common in Illinois, occurs over the eastern

United States from Canada to Texas. It has occasionally appeared in

our sugar-beet collections from the Experiment Station farm. Osborn

says that it does not seem to be confined to any particular food plant,

but may be found almost everywhere, preferring rank growths in shaded

situations. The color deepens and changes with the season's advance,

most of the first brood and the earliest of the second being light green

with indefinite yellow lines and weak elytral reticulations; and the last

of the first and nearly all of the second, dark green, with strongly reticu-

late elytra. In September and October the lines tend to become red,

and females may be found almost wholly scarlet dorsally. (Osborn.)

Although our other species of Gypona are apparently one-brooded, this

has two broods in a year. The adults of the first brood appear in late

June and in July, and those of the second in fall. They are most abun-

dant with us about the end of June, when they have been taken in large

numbers at electric lights. The nymphal stages of these broods are

commonest in June, and in August and September, respectively. There

is no record of the capture of hibernating adults, and the species proba-

bly winters in the egg. The head is noticeably wide, broadly rounded

in front, and slightly shovel shaped. The front of the head in the larva

is more elongate and very thin, the sides parallel in front of the eyes,

and the tip broadly rounded.

Platymetopius acutus Say.

This leaf-hopper is notably different from the other small beet-

species in the pointed elongate head which has the form of an equal-
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Fig. lo. Platyvietopius

acutus, adult.

side triangle. The nymph has a light stripe down
the center, red at the middle and tending to sep-

arate into two spots upon the back of the abdo-
men, with a black marginal stripe on each side.

Gillette reports it from sugar beets, sumach, clem-

atis, and oak. It occurs mostly on grass and
weeds, especially in shady situations. Davis lists

it among the celery leaf-hoppers. We have taken

the nymph on apple May 15th. The species is

found in Canada and the United States as far

west as the Rocky Mountains. There are two
broods annually, adults of the first commonly
occurring from June 15th to July 15th, and of

the second from the early part of August to

the approach of winter. Nymphs are common
late in May and in June and again in July

and August. Its stage of hibernation is not

definitely known.

Deltocephalus melsheimeri Fitch.

This was one of the leaf-hoppers

taken in summer and fall on sugar-

beets at the Experiment Station

farm. It is especially a grass in-

sect, sometimes present in myriads

in lawns and pastures, but avoiding

shaded situations. The eggs are

laid in fall in grass, and the adults

do not survive the winter. There
are apparently three broods in the

year. Adults, presumably from
hibernating eggs, occur in late May
and in June, and there is a brood of

nymphs from the last of May into

July, becoming adult in July and
August. The next brood of nymphs
is produced in August and early

September, maturing and laying

eggs • by the close of the season.

These successive changes are about
Fig. II. Deltocephalus melsheimeri : «, adult; two weeks earlier than those of the

^, face; iT, head and pronotum from above; f/, female, <; ii • • / r->

<r, male genitalia; /wing; ^. nymph. (Osborn and lOliOWing SpCCieS {^D
. tmmicUS).

Ball.)
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Deltocephalus inimicus Say.

{/assus inimicus Say.)

This is one of the four or five species of leaf-hoppers most abundarit

in beet fields, and most likely to cause trouble there. It is widely dis-

tributed over this country and

into Canada, and is one of the

most persistent and destructive

leaf-hoppers of pastures and

meadows. It was especially com-

mon last season on beets during

the early part of October, and

has also been reported from cel-

ery, corn, and buckwheat; but its

preferred food is evidently grass.

Its life history has been very

thoroughly studied by Osborn.

The eggs, he says, have been

found inserted beneath the epi-

dermis of blue-grass blades, form-

ing minute blister-like swellings-

near the tips of the leaves, the

end of the leaf beyond this in-

variably turning yellow and

dying. Webster secured the eggs-

in wheat leaves. The nymphs

are mostly light yellowish, with a

broad black margin each side,

the head obtusely rounded in

front. At intervals of seven to eight days they fix themselves upon the

grass blades, head upward, and shed their skins, which split along the

back, permitting the insects to struggle out. The cast skins remain for

some time clinging to the grass blades. Three molts occur (Osborn,.

Webster) from the egg to the adult.

Like most jassids this species winters in the egg stage, hatching in

great numbers in grass-lands early in May. The young mature during

the first half of June, the adults thus produced mostly disappearing by the

middle of July. These lay eggs which hatch after ten or fifteen days,

the nymphs becoming adult in about a month, beginning, that is, about

the middle of August. Eggs are then laid for the next season's brood,

and the adults laying them perish by the time winter sets in. There are

thus two broods yearly, the larvse being most numerous in late May and

in August, and the adults in June and in the fall. Large numbers of the

latter appeared here at electric lights June 3-18.

Fig. 12. Deltocephalus inimicus: <j, adult; ^.face

c, head and pronotum from above; d, female, e, male,

genitalia;/", elytron; i', nymph. (Osborn and Ball.)
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Osborn noticed that as many as ten per cent, of the larvae found in

spring were infested by red mites.

Deltocephalus nigrifrons Forbes.

{^Cicadida nigrifrons Forbes.)

(PI. II., Fig. 2.)

This leaf-hopper, abundant in Illinois beet fields, is also a destruc-

tive grass pest. and has been recorded as injurious to corn, wheat, and

oats. It is known from New York, Louisiana, and California, and in-

termediate localities, and is very common in Illinois. Two forms exist,

one larger and lighter colored than the other, with defective wing vena-

tion, and using its wings comparatively little. These differences are

perhaps to be connected, like those of the two broods of Oncometopia

undaia, with differences of brood and season.

No adults of the species have been taken in winter, and it almost

certainly hibernates in the egg. There are probably two broods, adults

of the first generation being abundant in June and July and those of the

second in fall. We noted them here in large numbers at electric lights

June 3d to 7th and again June 15th. Nymphs are common about the

first of June and in August.

Athysanus sp.

Bruner reports an undetermined genus of this species as occurring

upon the beet in Nebraska.*

Eutettix seminuda Say.

This is not a very common leaf-hopper, but as it has frequently

been observed on beets it is included here. It is found in the eastern

United States and in Canada, and has attracted economic notice only as a

cotton insect. It is often seen on cotton stalks in Mississippi, and has

been observed to feed upon this plant by Mr. Ashmead, who remarks

that it is a very omnivorous feeder, not likely to cause serious injury to

any one plant. It is also recorded on birch, wild black cherry, and

various bushes and low trees. Little is known of its life history, but

the season of occurrence of adults corresponds fairly well with that of

the next species. It has been taken in the South from the middle of

May, and in Illinois from about the middle of June to the end of

October.

Eutettix tenella Uhl.

Recorded by Gillette and Baker as common on sugar beets in

August. The species probably does not occur in Illinois.

*Bull. No. 23, U. S. Dept. Agr., Div. Ent., p. ry.
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Phlepsius irroratus Say.

(^Allygi/s irroratus Say.)

(PI. III., Fig. 2.)

This also is not especially a grass insect, but attacks a great variety

of plants. It ranges from Canada and Massachusetts on the east to

Iowa and Kansas on the west, and is abundant in Illinois. A number

of specimens were taken on sugar beets in various parts of the state in

June, September, and October. It is recorded on low herbage (Say),

on willows and other plants in damp places (Uhler), on bushes and

trees (Van Duzee), on celery (Davis), on apple (Gillette and Baker),

on hickory (Packard), on grasses and grains (Osborn), and in dry weedy

grass-lands (Van Duzee). We have found it abundant in young wheat in

Illinois. It causes the dark purple spotting often seen on the leaves of

lamb's-quarters, and probably a similar discoloration common on beet

leaves (U. S. Bull. 23, p. 17). Bruner mentions an undetermined Allygus

—very likely this or some other Phlepsius—as frequent on beets and

causing the spotting of lamb's-quarters. We once found a small bass-

wood brush swarming with this species in October. The leaves were

noticeably faded and spotted with blackish points. The adults seem

quite uniformly distributed through their season, which is from late

May to about the middle of October, though they are especially abun-

dant in June and the first part of July, and again in fall. There are

probably two broods, and the winter is presumably passed in the egg

stage as there is no record of winter collections of the adult.

Thamnotettix belli Uhl.

This is recorded only from Canada, Michigan, and Colorado. It is

included here on the authority of Gillette and Baker, who have reported

its occurrence on cultivated beet, alfalfa, and Artemisia tridentata in

Colorado, the dates given ranging from May 8th to August i8th.

Gnathodus abdominalis Van D.

Gnathodus impictus Van D.

The two species of this genus here mentioned are recognizable by

their short transverse heads and somewhat dull green color. They are

about an eighth of an inch long. Both seem widely scattered east of

the Rocky Mountains, and have been taken with other leaf-hoppers on

sugar beets, but they are not common enough as yet to be of any

economic importance. Both occur in Illinois on corn and rye. We
have taken abdominalis from wheat and grass, and Gillette and Baker

record it from sugar beets and barley. We have found impictus on sugar

beets, wheat, rye, blue-grass and other grasses, and in groves. The
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data as to their life history are too scanty to show the number of broods.

Abdominalis has been taken mostly in June and August, while our speci-

mens of impictus were nearly all captured in May and July.

Cicadula 6-notata Fall.

(^Cicadula 4-lineata Forbes.)

(PI. II., Fig. I.)

The two pairs of black bars and two dots on the head above form

the unmistakable trade-mark of this little green species, one of the most

abundant in Illinois beet fields throughout the season. It has a wide but

rather northerly distribution,—reaching to Canada, Connecticut, Mis-

sissippi, California, and Alaska,—and a great variety of food plants,

among which the grasses and small grains take a prominent place.

Davis records it as the most abundant of the celery leaf-hoppers. We
have reported it as especially injurious to wheat (Fourteenth Report,

page 68), and have also collected it from oats, corn, sorghum, blue-

grass and other grasses, apple, elm, willow, cucumbers, dog-fennel, and

other weeds. No adults have been taken later than the middle of

November or before the middle of May. The species doubtless hiber-

nates as an egg. Apparently there are two broods, the adults being

most abundant in the latter half of May and in June, and again in the

fall months—from September ist to the close of the season.

Dicraneiira fieberi Loew.

This leaf-hopper closely resembles the species next mentioned, but

it is slightly larger and more amber-colored, and without definite mark-

ings on the thorax, the most important difference being in the wing

venation. It has occasionally been taken by us on sugar beets in Illinois.

It is found from Massachusetts to Kansas, but it is not very abundant.

We have taken it also on grass-lands and in woods, and on elm and soft

maple-trees. Specimens have been taken from late in May through

July, and again from near the end of August to early in November, thus

indicating two broods and hibernation in the egg.

Empoasca mali LeBaron.

{^Empoa albopicta Forbes.)

(PI. II., Fig. 3-)

Although not destructive in grass-lands, this delicate little shining-

winged, yellow-green insect is probably our worst all-round leaf-hopper

pest, so excessively abundant that notwithstanding its varied diet it is

able to make a serious attack on quite a number of the cultivated plants

of its list. It is extremely abundant on sugar beets everywhere, both in

the nymph and adult stages, thus showing its ability to breed on this
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plant. It is probably the species mentioned by Bruner in his list of beet

insects as Erythroneura sp. It was first named and studied as an apple

insect, and as such in nurseries probably does the greatest damage; but

it is also injurious to raspberries and garden vegetables, especially

potatoes and celery, to clover, corn, and sorghurn. It is further

recorded in our notes on black walnut, Ptelea trifoliata, and elm, as

well as on oats, rye, grass, and some weeds, and by Gilette on beans,

plum, wild grape, and cottonwood. Nymphs have been observed on

celery and other plants, as well as on apple.

On infested young apple-trees the injury is very evident. The
leaves curl and crinkle and the internodes are shortened, showing

retardation of growth. No local effect of their punctures on beets has

been recognized, but in view of the large numbers usually present in

beet fields there is good reason to believe them capable of injury to

beets. What we supposed to be the eggs of this species were found in

slight swellings in the green twigs and the midrib and leaf stem of the

apple. The nymphs are pale green.

There is considerable uncertainty in using the statements of others

concerning this insect because of the frequency with which it has been

confused with other small greenish or yellowish species of its own and

related genera, descriptions and figures of which may be found in

Gillette's article on the Typhlocybince in the Proceedings of the U. S.

National Museum, Volume XX., page 709. The row of six (or even

eight) white dots along the front margin of the prothorax are evident as

a rule even in alcoholic specimens, and at once distinguish the species.

If this character is unsatisfactory, reference should be made to the wing

venation, good figures of which are given by Gillette in his article.

Specimens in alcohol can be conveniently examined by spreading out

the wings, when wet, on a glass slide. The species most likely to be

confused with this are Aletra albostriella, without distinct markings,

bred by us from basswood, and reported on pear and cherry; Typhlocyba

rosce, yellowish without markings, found by us common on rose, goose-

berry, and apple, and reported by Gillette also on cherry, currant, plum,

grape, oak, and cottonwood; Dicraneura fieberi, already described

above; Empoasca obtusa, bred by us on apple and collected on willow,

having similar venation, but of larger size and with the head scarcely

longer at the middle; and, finally, the species next to be treated, E.

flavescetis (PI. II., Fig. 4), which has been found with malt on apple

and sugar beets, and in which there are usually three pronotal spots

instead of six.

Observations on this or a related species show a rather rapid devel-

opment—from the laying of the egg to the imago within a month. The

adults were noted as very abundant in late April and early May; common
and more numerous than the nymphs early in June; on June 26th,
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•"rising in clouds," nine tenths of them nymphs. None of the imagos

are recorded in Illinois from November ist to the last of April, and it is

almost certain that they pass the winter in the egg. It can only be

surmised from present data that there are four or more broods in a

season in central Illinois.

Empoasca flavescens Fabr.

(PI. II., Fig. 4.)

This is closely related to the preceding species and similar to it in

habit and food plants, so far as these are known to us. It was not

found among the sugar-beet leaf-hoppers until fall, but became very

common in October, more so indeed than inali. It is whiter than niali,

and has only three spots on the margin of the thorax. These are not

always distinct, and indefinite markings resembling them may be noted

in some similarly colored species of related genera, which may be

distinguished by their venation, as mentioned above. The species is

common and widespread, and is reported from localities ranging from

New York and the District of Columbia to California and Mexico. Its

smoky-winged variety, birdii, is recorded from New York, Michigan,

Illinois, and Iowa, on apple, hops, walnut, beans, and weeds.

It has been collected December i6th, and again among leaves in the

woods in early spring. We have taken it as early as April 20th. This

indicates hibernation as an imago, and considering its abundance in late

fall it is evident that its life history is unlike that of mali—perhaps more

like that of the Typhlocybas next to be treated.

The Grape Leaf-hoppers.

Typhlocyba.

(PI. III., Fig. I.)

Early in October, on sugar beets on the University farm, the species

Typhlocyba vidnerata Fitch was very common, and a few of T. comes

Say and its variety vitis Harr. were also seen. These and a number of

other tiny leaf-hoppers finely marked in various patterns with scar-

let, orange, ivory-white, etc., on a pale yellowish white ground color,

are commonest and very injurious on wild and cultivated grape-vines,

Virginia creepers and redbud, and also occur on raspberry and a few

other plants. They are widely distributed throughout the country.

These leaf-hoppers spend the winter as adults in large numbers

among dead leaves and other trash upon the ground, coming out and

laying their eggs on the vine leaves when warmer weather comes in

April and May. By the middle of June the adults become numerous,

and continue in increasing numbers until the leaves fall at the end of

the season. All stages may be found on the vines at once, and the suc-

cession and number of broods has never been made out.
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THE TREE-HOPPERS.
Alembracidce.

Acutalis calva Say.

As might naturally be expected, the tree-hoppers live mostly on
trees. A few, however, may occur on herbaceous plants, such as the

present species, which we noticed on the sugar beet in the latter part of

June. It is about an eighth of an inch long, triangular when seen from
above, blunt in front, acute behind, black above, the wings on each side

yellowish white. Its favorite food seems to be the "Joe Pye weed "

(^Eupatorium purpureuni), but we have taken a few on honey-locust and
it is reported on buckwheat by Webster.* Our specimens were mostly

taken in the latter part of June. The life history of the species is not

known to us. It is found throughout the United States east of the

Rocky Mountains and in Mexico.

Leaves variously spotted and blotched and sometimes minutely specked.

Suctorial insects present which are not leaf-hoppers.

PLANT-LICE.^

Aphididce.

Occasionally where the beet leaf is visibly but obscurely injured,

as shown by a blotchy discoloration of the surface or by a crinkling and
curling of the leaf, small, sluggish, inactive bluish green or blackish

insects known as plant-lice {aphides) may be found clustered in patches

on the under surface of the affected leaf. These leaf-lice are oval or

somewhat egg-shaped, their bodies are soft, their legs and antennae are

well developed, and at the back of the abdomen, near the hinder end of

the body, a pair of prominent tubes—the so-called honey-tubes—pro-

jects backwards or upwards like miniature stove-pipes. The greater

part of them are without wings, but, among these, winged individuals

will occasionally occur, with large, delicate, few-veined wings. Ants of

various species are likely to be found with and among them, and, indeed,

wherever ants are abundant on or about the beets, the presence of plant-

lice may always reasonably be suspected. They do their injury to veg-

etation by sucking the sap through a stiff, jointed beak by means of

which the tissues of the plant are pierced. Three species have hitherto

been reported on the beet leaf in America, and to these three more are

added in this paper.

We have not yet found in Illinois any plant-louse species infesting

the leaf of the sugar beet in sufficient numbers to do appreciable injury,

*Rep. Comm. Agr., 1886, p. 577.

tTwo additional species of plant-lice infesting beets, Aphis initldlttonii and Pemphigus betcE, are

described on a later page under the head of insects affecting the roots of this plant.
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but their rate of multiplication is enormous, and under especially favor-

able circumstances almost any species may rapidly become so abundant

locally as practically to destroy its food plant for the time being. Most
of the species hatch from eggs in the spring, all of this first generation

being females capable of reproducing without copulation, and giving

birth to living young as soon as they themselves become adult. Several

generations are ordinarily brought forth in like manner in a single

season, only the last of which is composed of both males and females,

and these produce the eggs by means of which the species is carried past

the winter.

These insects are commonly kept in check by their natural enemies,

the ladybugs, the lace-wing flies, and a number of rapidly-breeding par-

asites. It is only occasionally, consequently, that remedial measures

are likely to be necessary. In that case tobacco-water, kerosene emul-

sion, or a mechanical mixture of water and kerosene should be used, as

prescribed for leaf-hoppers on page 64. The arsenical poisons, Lon
don purple, Paris green, and the like, are inadmissible, since they do
not take effect on the plant-louse, but will kill many of its insect enemies.

They are thus likely to increase the danger instead of diminishing it.

The Melon Aphis.

Aphis gossypii Glover.

(^Aphis cucnineris Forbes.

)

This is the common melon and cucumber aphis of the central

United States. It abounds on a large variety of plants throughout all

the United States except the extreme northern part, and also in Mexico,

the West Indies, and Australia. It was found in Nebraska by Mr. T. \.

Williams in 1890 breeding abundantly on beets in the vicinity of infested

cucumber vines. An injury attributed to ants, reported from Nebraska,

was perhaps due to this species. Its leading food plants are melons,

cucumbers, and other vines of the cucumber family, crops of which

it sometimes almost destroys. It is also abundant on cotton, beans,

pear-trees, European dogwood, orange-trees, hothouse plants, and a

large number of the commonest weeds, including purslane, shepherd's-

purse, pepper-grass, pigweed (^Amara?iitis), lamb's-quarters {Chenopo-

diuni), plantain, dock, dandelion, Jamestown weed (^Datura), etc.;

also, in lesser numbers, on hops, spinach, tomato, red clover, and

burdock.

The eggs have been found on purslane, and are at first yellowish or

greenish, but soon become jet-black. The color of the wingless lice

varies all the way from yellow or green to black; the antennae, about

half as long as the body, are mostly pale, and the honey-tubes are black.

The winged ones are similarly varied, but are never entirely black; the
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head, antennae, and honey-tubes are black, together with some bars on

the thoracic segments and some lateral abdominal spots.

Eggs and many wingless females have been found in midwinter; in

May the lice gradually increase in numbers on the plants; and in the

latter half of June, according to Professor J. B. Smith, if sufficiently

numerous and favored by fine weather, an extensive migration of winged

individuals occurs, rapidly enlarging the infested area. After the first

week of July this movement of dispersal ceases under ordinary circum-

stances; but winged lice have been seen as late as August. The sexually

mature forms have not yet been distinguished. Ants assist to some ex-

tent in transporting and distributing the lice in summer.

Aphis atriplicis Linn.

Both in America and Europe this is a common species on plants of

the order Chenopodiacece, especially orache (^Atriplex) in Europe, and

lamb's-quarters (^Chenopo(1111)71) in America. It is reported by Bruner

as common on beets in Nebraska. The effect on Atriplex is peculiar.

The leaf-lice cluster along the midribs, mostly on the upper surface,

causing a tubular longitudinal rolling up of the leaves.* The species is

listed from Illinois and Missouri. It is closely related to the preceding,

and further study may show that the two forms are not distinct.

The eggs are of the usual form and color, and were found with

sexually perfect individuals in dry rolled leaves of Atriplex. The sum-

mer females vary from green to black, but are mostly blackish spotted

with white. The sexually perfect individuals are wingless and much
smaller than the viviparous form.

Aphis sp.

A number of wingless females were swept in July from beets in a

field near Tremont, 111., the species of which we have not found de-

scribed. Not having winged individuals and not being sure of the host

plant, it seems best to leave the species unnamed. It seems to belong

to the Nectarophorini of CEstlund, and is easily recognized by two dark

rings on the antenna, which include the sutures between segments III,

IV, and V, and by the dark color of the apex of V and the basal part

and tip of VI (the so-called VI and VII); by the broad conical cauda,

widest at base; and by the long honey-tubes and antennae, both surpass-

ing the tip of the body. The antenna are raised on low tubercles. The

setaceous part of VI is about twice as long as III; the honey-tubes are

as long as the anterior femora.

Myzi/s achyrantes Monell.

This was originally described from specimens found on Achyrantes,

a plant belonging to the pigweed family, and might naturally be looked

Kaltenbach, Die Pflanzenfeinde, p. 508.
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for on beets. It is at present, in fact, our commonest beet leaf-louse in

Illinois. Though not especially abundant, it occurs in small colonies

on the under side of the leaves in the latter part of June and in July,

being most numerous about the end of June. The first win'ged individuals

were noted July 5th. It is a green aphis, with but little dark coloring in

the wingless female. The winged female has the thorax and antennae

black and a large dark patch on the abdomen between the honey-tubes.

The species is also recorded from Amarantus (Williams) and Malva ro-

tundifolia QEstlund), and we have collected it in abundance on corn.

Nectarophora erigeronensis Thos.?

Specimens were taken in sweepings from sugar beets July 13th, 14th,

and 26th in the vicinity of Pekin, 111., and on the University farm (on the

first date mostly wingless ) which agree fairly well with the descriptions of

erigeroftensis except as to the tibiae. These are usually pale with black

tips, and not entirely black as stated for erigeronensis. The honey-

tubes are either entirely dark or with the basal portion pale. The an-

tennae are dark except at base, the femora with the apical part, or even

more than half the length, black.

Nectarophora pisi Kalt.

The "green dolphin " is a rather common garden pest in the United

States. Its body and appendages are almost entirely green. It infests

principally plants of the pea family {Leguminosa;), especially the garden

pea, sweet pea, and clover, but has also been taken in the pupal and

winged stages on beets in Nebraska, and in Europe on shepherd's-purse,

nettles, and Spircza. In Illinois it occurs mostly about the end of May.

THE FLATAS OR LANTERN-FLIES.

The Mealy Flata (^Ormenis pruinosa Say).

The Green Flata (^Chiorochroa conica Say).

Although these odd looking insects, closely related to the leaf-

hoppers, are common and injurious in Illinois and elsewhere, they have

not received the attention from economic entomologists that they deserve.

They are from a quarter to half an inch long, with broad flat wings,

held vertically and meeting behind the body. As the insect is broad in

front, the general form when at rest, seen from above, is that of a wedge.

The young are covered with a white woolly excretion. Like some plant-

lice they collect in patches on the under side of leaves or on their stems,

and do their injury by sucking out the sap. These young are rather

short and blunt at the ends, very broad across the wing-pads, and pale

greenish beneath the woolly coating. This latter rubs off easily, but

those which have lost it reproduce it within a few days.
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Fig. 13. The Green

Flata, Chlorochroa

conica.

The green Flata is clear yellowish-green throughout, about three-

eighths of an inch long, and the wings about one-fifth of an inch broad.

The head is pointed in front between the eyes. The
mealy Flata is smaller than the above, about one-fourth

of an inch in length and one-eighth of an inch across

the wings. Its color is at first pale bluish-green, some-
times darkening to a slate-color or sooty brown, dusted

over with a whitish coat. The head is short and cut

squarely off across the front between the eyes.

Both the above species have been found on sugar beets and on a

variety of other plants, sometimes in number sufficient to do injury,

although in general they are not very common insects.

Many adults of both were seen by us in July on sugar

beets with beaks inserted in the leaves. They were

most abundant near a hedge of Osage orange, one of

their favorite food plants, on which they had very likely

bred. The eggs of the mealy Flata are laid in the bark

of twigs within a lengthwise slit with raised edges, and

are placed end to end in a continuous row an inch or

more in length. Those believed to belong to the green

Flata, on the other hand, are placed in a series of short

slits, placed nearly end to end, within each of which

is an egg which has been pushed sidewise under the

bark, causing a noticeable elevation of the bark over

the eggs.

FiS ^Or2^»i^^prui-
'^^^^ mealy Flata is recorded by various authors as

«<>ja, eggs:a, formand abundant and injurious on grape-vines, apple-trees,

rn"nTw^g:V!'roTof gooseberry, rhubarb, privet {Ligustrum), maple, hack-

eggs in twig, berry, red clover, fleabane, and various other weeds.

Miss Murtfeldt * found it on a large variety of plants, but especially on

dahlias, which were injured beyond recovery. We have bred it from

nymphs on apple, elm, box-elder, and observed it in numbers on black-

berry, sugar beet, and Osage orange, on the first of which it was seen

actually to feed. Riley found the eggs in sassafras twigs. The green

Flata probably has a similar list of food plants. Miss Murtfeldt ob-

served it on Osage orange and lilac. It was found by an assistant of

this office, Mr. C. C. Adams, breeding abundantly (June 30th) on the

stalks of corn in a corner of a field, and was later found in numbers on

ragweed, catnip, milkweed, and the Osage orange in the same vicinity.

Probably these species hibernate in the egg, which, according to

Riley, hatches about the middle of May. Nymphs of the mealy Flata

found by him June 20th were full grown July 3d. Our largest rearings of

both species—the green Flata on corn and the mealy species on box-

*Bull. No. 13, U. S. Dept. Agr., Div. Ent., p. 6i.
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elder—were from colonies first observed June 30th. The latter began to

emerge July istand nymphs were still numerous July 12th. The former

{conica) was a little later, adults not appearing till July 21st. An exami-

nation July 27th of the place where these specimens were found, revealed

a large number of adults and only a single nymph. Nymphs of this

species taken on various plants July 8th to 15th emerged from the 17th

to the 19th. Our earliest date for the imago is July 6th. Adults of both

species were seen by us on sugar beets July 14th; and they were abundant

in the early part of August on their favorite food plants. We have col-

lected adult pruinosa up to the middle of September, and have taken

single individuals of conica October 3d and oi pruinosa November 14th.

This record strongly indicates that there is but one annual brood,

nymphs occurring from about the middle of May to late in July, and

iraagos from July to the end of the season.

These insects are especially sensitive to the effects of rainy weather,

as was strikingly shown by colonies of C. conica on corn. After a heavy

rain very few could be found on stalks where they had been common
before, while on plants which afforded them better shelter their numbers

were not so much diminished.

THE PIGWEED BUG.

Piesma cine7'ea Say.

This small, gray, rough and much-flattened, somewhat diamond-

shaped bug, well shown in Fig. 15, was very abundant on pigweed {Atna-

rantus) in sugar-beet fields in central Illinois July 13th, yet scarcely one

was seen on the beet itself. Experience has shown,

however, that it will attack the beet energetically if

its favorite food plant becomes scarce. In Iowa,

and especially in Nebraska, it has been noticed by

Osborn and Bruner respectively as very common on

beets, sometimes doing much harm. It lives also on

smartweeds, grasses, and a variety of trees,—among
which the buckeye may be especially mentioned,

—

and occasionally injures the blossom of the grape in

spring. The effect of its work upon the plant is
Fig. 15. The Pigweed -ji. uji-f^j •

3 i

%n^,Pies,„acinerea. (Os-
very evident on badly infested pigweeds, where

born, u. s. Dept. of Agri- whitish dots thickly mottle the surface, the plants
*^" ^"^

evidently suffering from loss of effective leafage. Its

life history is not peculiar. Adults are very abundant from late May to

early July in central Illinois, and again from October onward. They

winter under any convenient shelter, but are abundant under the loose

bark of trees, a situation to which they are especially adapted by their

flattened form. Their occasional abundance is illustrated by the fact
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that an immense swarm of this species was noticed at Normal, Illinois^

October 3d, the insects flying in great numbers high in the air from three

to five in the afternoon.

Clean culture and the burning of trash—the first to reduce the food

and the second to destroy the winter quarters—will check the multipli-

cation of this species as well as that of a great number of similar insects.

THE COMMON FLOWER BUG.

Triphleps insidiosus Say.

This is an insect of so uncertain habit and varied food that its in-

sertion in a list of species injurious to the beet is of doubtful propriety.

The fairly common occurrence on the beet plant

throughout the season of both old and young

render it, however, an object of suspicion and

worthy of brief treatment here. It is a minute

flattened bug, black, with yellowish wing tips^

everywhere distributed, and on a great variety

of plants. It has been charged with serious in-

jury to chrysanthemum shoots, causing them to

curl and stopping their growth, and Osborn re-

ports it as actually puncturing clover blossoms
Fig. 16. The Common Flower ^ •' ^

°
_

Bug, Triphleps insidiosiis. (Os- with itS bcakj* but most of the evidence con-
born, U.S.Depl. of Agriculture.)

cerning its food habits indicates insectivorous

propensities. It has been seen devouring young chinch-bugs, the Phyl-

loxera of the grape, young Thripidce, and the eggs of the cotton boll-

worm. We have observed it also feeding on the minute soft larvse of

the clover midge, and in confinement individuals of this species will

attack each other. The available data do not determine its stage of

hibernation. We have not found it as an adult earlier than April 30th

nor later than October 26th. Most of our specimens were taken in May

and during the late summer and fall. Young have been seen by us on

beets as late as September, and adults occur on this plant throughout

the season, mostly out of sight between the bases of the leaves.

THE LEAF-BUGS.

Capsida.

Among the suctorial insects which sometimes do a rather indefinite

but serious injury to beets by sucking out the sap from leaf and leaf-

stalk, the large and varied group known as the leaf-bugs, or Capsidce^

may usually be recognized by their flat backs, their comparatively soft

bodies, their active movements and ready flight, and the yellowish

Insect Life, Vol. I., p. 122.
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green or red frequent in their coloration. From the next group, the

Lygmd(B, representatives of which are also found in the beet field, they

may be distinguished on close examination by the character of the veins

in the membranous part of the fore wing. In this membrane in the

CapsidiB the only veins are at the outer (anterior) edge of the wing,

where they inclose two small areas or so-called cells, while in the wing

membrane of the LygceidcB there are four or five unbranched veins, some

of which start from a single cell at the base.

Most of the plant-bugs whose life history is known, winter as adults

under fallen leaves and similar rubbish, emerging in early spring to lay

their eggs, and perishing soon after this function is performed. Their

injuries increase with the growth of the young and with the appearance,

in some cases, of later broods.

The observer of beet insects may learn to distinguish the more

abundant species of leaf plant-bugs of the beet field by attending to a

few conspicuous differences. The false flea-hopper i^Agalliastes associ-

atus—PI. III., Fig. 3) is about a sixteenth of an inch in length and of

a uniform dull blackish color, only the semi-translucent membranous

tips of the wings lightening to a sooty brown. It hops actively when
disturbed, like a common flea. The garden flea-hopper {^Halticus uhleri

—Fig. 17), also about a sixteenth of an inch in length, is shining black

and jumps readily like the preceding. It is in two forms; one with

long wings, with an obscure white point at the tip of the thickened part

of the wing, and the other with short black wings not marked with

white. Plagiognathus obscurus is about an eighth of an inch long, dull

blackish, with bicolored legs—the thighs dark and the tibiae pale—and

a narrow pale bar across each wing near its tip. Garganus fiisiformis

is nearly a quarter of an inch in length, bordered with yellowish red,

with a white streak down the middle. The neck is white, the legs are

red, and the middle joint of the antenna is greatly swollen and black.

Eccritotarsus elegans is about a sixteenth of an inch long, varying from

dusky to velvety black and gaily marked with white. One of the com-

moner species on sugar beets is the tarnished plant-bug {Lygus pratensis

—Fig. 18). It is about a fifth of an inch long, of a variable brassy

brown, with black marks on the thorax above. The young (Fig. 19)

have two or three pairs of round black dots on the back. This plant-

bug is abundant everywhere throughout the year, especially on low-

growing vegetation, excepting grass. Calocoris rapidus (Fig. 20) is

longer and narrower than the foregoing, with parallel sides, uniform

da.rk brown above, very narrowly edged with yellow. It is further

marked by a carmine shade across the tip of the leathery part of the

wing. The young (Fig. 21) are more or less colored with bright red on

the antennae, the legs, the front part of the body, and the abdomen.

The green leaf-bug {^Macrocoleus chlorionis— PI. IV., Fig. i) is under a
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fifth of an inch in length, nearly uniform grass-green, the thorax only

being dark green, the legs and antennae yellowish, and the wing mem-
branes slightly dusky with changeable tints of purple and green.

The False Flea-hopper.

. A^alliastes associatus Uhler.

(PI. III.. Fig. 3.)

This minute, active, black hopper is common in the beet field, but

much less so than the following species, with which, indeed, it is likely

to be confused unless closely examined. It is narrower and a little

longer than the other, and may be further distinguished by the absence

of the dull white point on the wing. The adults of this insect were

commonest in our beet fields in July, the earliest fully developed speci-

mens being noticed June 25th. From July onward the number gradu-

ally diminished until October 3d, when the last of the species were seen.

In Colorado full grown specimens have been taken from May 14th to

August 24th, mostly in late July and early August. It occurs through-

out Illinois and is reported from New York, Colorado, and Utah.*

The Garden Flea-hoppkr.

Halticus tihlei-i Giard.

This important injurious insect has been treated at some length by

Chittenden, f and we have but little to add to his account except to

record it as a common beet insect in Illinois in company with the "false

flea-hopper" above mentioned. It has occurred especially in our col-

lections on clover, pigweed {Amarmitus^, and beets. It is injurious,

according to Chittenden, to beans, peas, egg-plants, chrysanthemums,

and a large number of common weeds. The visible result of its work

is a deadening and whitening of the leaf where the beak is inserted to

pump out the sap, the leaf becoming finely mottled with white whenever

the injury is considerable.

It is a tiny insect, about a sixteenth of an inch long, shining black

sprinkled with minute tufts of short yellow hair which may be easily

rubbed off. The cuneus of the wing is minutely tipped with dull white

in the long-winged form. In the short-winged form the wings are uni-

form black and destitute of the membrane, and do not cover the tip

of the body. The species can be most readily distinguished from

Agalliasies associatus by the shorter, broader body, which has an oval

outline, that of the other species being relatively slender, with parallel

sides. The adults appear rather early as a rule, occurring in the beet

*Popenoe has reported what is probably this species as associated with the garden flea-hopper in

Kansas. He reports his specimens, on Uhler's authority, a sAgalliastes .bractaius Say; but as Say's

Cafisus bractatiis is a Halticus close to uhleri, this is probably a slip of the pen.

tBuIl. No. 19, N. S., U. S. Dept. Agr., Div. Ent., p. 58.



field about the middle of May, becoming abundant in July, and contin-

uing until October. Chittenden suggests that there may be two broods

Fig. 17. The Garden Flea-hopper, Halticiis uhleri: a, short-winged female; b, long-winged

emale; c, male; d, head, side view, showing beak. (Chittenden, U. S. Dept. of Agriculture.)

in a season, the species passing the winter in the egg. We have never

obtained it in our numerous winter collections, and this surmise is

probably correct.

The Du^kv Leaf-bug.

Plagiognathus obsciirus Uhler.

Although this is a fairly common Illinois species, it has not often

been found by us on beets. It is a small, funereal, faded-black insect,

shaped like the very abundant tarnished plant-bug but of much smaller

size. It is generally distributed over the United States east of the

Rocky Mountains, and is recorded from a considerable variety of plants.

Its time distribution in our collections indicates the development of two

separate broods and hibernation in the egg. Over fifty lots have been

collected by us, and all occurred either between June 14th and July 20th

or between August 14th and October 8th, with the exception of a single

collection made November ist.
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The Green Leaf-bug.

Macrocoleus chlorionis Say*.

(PI. IV., Fig. I.)

Except the tarnished plant-bug, this little grass-green insect is the

commonest leaf-bug on the sugar beet in Illinois. Young were taken

on beets in the latter part of June, and in July it was mostly adult. It

was at this time very common in beet fields, flying up from the larger

plants whenever these were disturbed. Later it became less abundant,

and by September ist had almost disappeared, although occasional

specimens were taken on beets as late as October loth. A common
whitish mottling of the leaves was attributed by us to the abundance of

this leaf-bug. It seems to have a special liking for the beet, as we have

not found it common on other plants although we have taken it in small

numbers at many localities in central and southern Illinois. It is nearly

a uniform green, the thorax only a little darker, the legs and antennae

yellowish, and the eyes and the tips of the antennae blackish. The wing

membranes are dusky and the upper surface of the body is sparsely

covered with short black hairs. It is to some extent nocturnal, and it

has been taken by us at electric lights.

Garganus fusiformis Say.

Very little is known of the habits of this handsome and not very

common leaf-bug. It was taken by us on sugar beets in September,

and the adult has occurred elsewhere in our collections from June loth

to October 8th. It is widely distributed over the eastern United States.

Eccritotarsus elegans Uhler.

This beautiful little capsid is comparatively rare, but as two-thirds

of the specimens in our collections were taken on sugar beets it is

deserving of mention here. It is reported from Illinois, California,

Texas, and Kansas.

The Tarnished Plant-bug.

Lygiis pratensis Linn.

Chief among the leaf-bugs is this very abundant and widely distributed

insect. It is nearly a quarter of an inch long, brassy brown, minutely and

variably streaked arid spotted with yellow, often with black marks on the

thorax which are darkest and thickest in front. The young are greenish,

of course without wings, the older of them with two pairs of round

*Mr. Ashmead has informed us that specimens sent him by us represent a new species of the genus
Macrocoleus : but among Say's unrecognized descriptions of Capsidte is one of Capsus chlorionis

(Leconte edition, I., p. 346) which sufficiently characterizes our specimens to warrant the adoption of his

name for the species. The coloration of our specimens and the relative lengths of the antennal joints are

exactly as described by him.
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Fig. i8. The Tarnished Plant-bug, Lyguspra-
tensis, adult.

black dots on the back of the

thorax and one dot on the abdo-
men. It swarms on nearly all

kinds of cultivated plants, flying

up readily when disturbed. It is

very common in beet fields, where
every observing fruit-grower must
have noticed it, and frequently

occurs at electric lights. These
insects have been accused of

manifold injury to a variety of

fruits and plants, but notwith-

standing their abundance in beet

fields no well-marked injury to

beets has been traced to their

presence. It is not impossible,

however, that the mere drain of

their appropriation of the sap of

the plant may be burdensome to it while it is laying up its enormous
store of nutrition in the root.

This species is found during the winter in sheltered situations, under

boards, beneath the basal leaf tuft of the mullein, dead grass, beds of

leaves, and the like. At

this season most of these

leaf-bugs are adult, but a

few young may sometimes

be found among them.

They emerge with the first

warm days of spring and

lay their eggs about the

plants on whose sap they

are feeding. The young of

theyear appear late in April

or early in May, and the

earliest mature in the latter

month, at which time all

ages are to be found to-

gether. The successive

broods have not as yet

been distinguished. They continue active and abundant until the

approach of frost, when their breeding ceases and the remaining young
mature for hibernation.

The burning of vegetable trash, especially in cold weather, when
insects are sluggish, will destroy many of this species, and a spray of

Fig. 19. The Tarnished Plant-bug, Lygus pratensis, nymph.
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some suitable kerosene mixture will be found an effective means of

attack if this should become necessary on the beet.

The Dusky Leaf-bug.

Calocoris rapidus Say.

This insect is similar in form and size to the preceding, being, how-

ever, longer and a little narrower. It is blackish brown with a very

narrow yellow border at each side, the prothorax yellow and red with a

central black cross-bar, often divided. The antennae are conspicuously

barred with black, yellow, and red. The young are pale green, with

Fig. 21. The Dusky Leaf-bug, Calocoris

rapidus, nymph.

Fig. 20. The Dusky Leaf-bug, Calocoris rapi-

dus, adult.

much of the head, most of the prothorax, the thighs, and the middle

of the abdomen red. Their antennae are red ringed with white.

This is a common species, less abundant than the tarnished plant-

bug, but extremely like it in its economic relations. It continues

throughout the season until October.

Hadronema tnilitaris Uhl.

An inhabitant of the country west of the Mississippi, reported by

Bruner as very common on beets in some localities in Nebraska in the
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latter part of July. The adult has been taken in Colorado from June to

September. It infests pigweeds (^A/narann/s), and hence probably its

liking for beets.

THE SMALLER PLANT-BUGS.

Lygccidcc.

The species of this large and important family have a hard and

brittle cuticle, with colors usually varying from grayish to black and

seldom marked with red, green, or yellow. The membranous tip of the

anterior wings has four or five unbranched veins, some of which usually

start from a single closed cell at the base. Although this family con-

tains some of the most destructive agricultural species,—the notorious

chinch-bug among them,—its injuries to the beet have hitherto been

insignificant, at least in Illinois. The frequency with which adults of

this family have been taken in the winter warrants the assumption that

they hibernate as a rule in the imago stage. The young are produced

in spring, and the adults become relatively more abundant with the

progress of the season, although no general statement can be made con-

cerning the number of broods annually.

Six species of this family are on our list of beet insects, and doubt-

less others will be added after further studies in the field. Owing to

their generally similar pepper-and-salt coloration they are distinguished

to an ordinary observation with considerable difficulty—a fact of no

practical importance, since whatever the species the injuries are essen-

tially the same. Some of the most noticeable differences of those hith-

erto observed on the beet may, however, be indicated for the benefit of

the student of the insect enemies of this crop.

Our beat-leaf species belong to four genera. They are of similar

size, ranging from one-eighth to three-sixteenths of an inch in length.

Emblethis and Sphragisticiis (Fig. 22, 23) have an even, long-oval form,

the outlines of the thorax flowing without break into those of the abdo-

men, both laterally and dorsally. The second of these two genera is

pale gray and black with the gray more or less sprinkled with black dots.

Geocoris and Nysius (Fig. 24, 25) are colored like the above, but the

thorax and abdomen are more distinct, with a break in the outline at

their juncture. Geocoris (Fig. 24) is easily distinguished by its very

large head and eyes, together equal in breadth to any other part of the

body. Emblethis griseus (Fig. 22) is dull grayish brown with black

points or dots and yellowish legs. Sphragisticiis nebulosi/s (Fig. 23) has

the head and front part of the prothorax dull black, the hinder part of

the prothorax and the leathery part of the wings gray sprinkled with

black points, and the wings also with some black spots. The membranes

of the wings are whitish. Geocoris buUatus (Fig. 24) is gray with some



— 94 —

black spots, the thorax and wings with black points, and the antennae

black. Nysius angustatus (Fig. 25) is gray with black dots and points

and some dark marks along the line of union between the leathery part

and the membranous part of the wings.

Emblethis griseus Wolff.

{^E. arenarius Fieber.)

This species occurs, according;] to

Bruner, in Nebraska on the white pig-

weed and on beets and has been found

about the roots of stink-weed {Eragros-

tis major'). It is found in Illinois and

several other American states from Ne-

vada to Massachusetts, and occurs also

in Europe. It is recorded from Colo-

rado at various dates from February

19th to August 6th.

Fig. 22.

(Bruner.)

Emblethis griseus, adult.

Sphragisticus nebulosus Fall.

i^Trapezonotus nebulosus Fall.)

This insect has been found, according to Bruner, on beets and

quite commonly also on other plants of the beet family, but is espe-

cially abundant on the white pigweed. It is

abundant in Illinois and is extensively distrib-

uted over the United States, British America,

and Europe. Bruner has recorded (U. S. Bull.

22, p. 95) an unusual outbreak of this species in

company with the large-eyed plant-bug {^Geo-

coris bullatus) and the false chinch-bug {JVysius

angustatus) in the neighborhood of Lincoln,

Nebraska, on land which had been allowed to

grow weeds during the latter part of the season

preceding. The following spring was dry, and

swarms of these insects injured seriously what
Fig. 23. sphragistictts nebu- foliage appeared, especially that of grape-vines

/w«j, adult. (Bruner.)
. ^-i, jand various cultivated trees. Cjillette and

Baker in their " Hemiptera of Colorado"* give dates for the adult in

that state ranging from February 9th to September 2d. We have found

it in December in Illinois.

*Bull. 31 (Tech. Ser. No. i), Col. Agr. E.\per. Station, p. 25.
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The IjArge-eyed Purslane Bug.

Geocoris bullatus Say. •

This species ranges from Canada to the Rocky

Mountains. It is common in Illinois on sugar

beets, but is especially abundant west of the Mis-

souri River, where it seems to be one of the com-

monest insects of the sugar beet. It apparently

prefers purslane, but it is common on the pigweeds

{Afnaranius and Chenopodiuni) and on smart-

weed and other weeds as well. Its injuries to

grapes and small trees have been mentioned in

the preceding paragraph. It is sometimes called

the ground-bug because of its habit of collecting

under low-spreading plants and running over the
-.t,. -,. The Large-eyed

, j; i A
V\xr%\2.r^^v.\x%, Geocoris bullatus, surfacc ot the ground.
adult.

Geocoris pallens Stal.

This western species, closely related to G. bullatus, is reported by

Gillette and Baker* to have been taken on sugar beets in Colorado. Their

collections of the imago were made between May 7th and August 24th.

Nysius viinutus Uhl.

This insect is said in Gillette and Baker's " Hemiptera of Colo-

rado" to be common from that state to the Dakotas, and to occur also

in California and Texas and in some of the Atlantic states. It was taken

from June 4th to October 15th on sugar beets, Bigelovia, and mustard,

being especially injurious to the last-mentioned plant.

The False Chinch-bug.

Nysius angustatus Uhl.

This destructive species is widely distributed, attacks freely many

cultivated crops as well as weeds, and not infrequently makes a destruc-

tive attack on plants of

economic value. It com-

monly does its most serious

injury in spring, especially

in dry weather, the hungry

adults swarming on the
young foliage after their

fast of hibernation and de-
^.^^ ^. ^^^ j.^,^^ Chinch-bug. Nysius angustatus:

StrOying it before it is fairly a, appearance of injured leaf; b, nymph; c, adult.

unfolded. The late generations produce a less serious effect upon the

more abundant leafage of the summer and fall.

*Bull. 31 (Tech. Ser. No. i) Col. Agr. Exper. Station, p. 25.
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It was especially injurious to corn near New Holland, Illinois, late

in May, 1898. It often collects on beets and other garden plants, and

injures strawberries, apple grafts, potatoes, turnips, radishes, cabbages,

lettuce, and mustard. It is said to prefer plants of the cruciferous

family, .but purslane is a favorite with it. It is often mistaken for the

chinch-bug. It is commonly reported to winter as an adult, and we

have taken it under the spreading leaves of dock in December and by

sweeping as early as April nth. On the other hand, both Webster and

Osborn have reported the pairing of adults in November, and Mr. Web-
ster believes that he found its eggs at this season under Euphorbia,

where it had taken shelter. From this he supposes that it probably

hibernates in the egg, the young hatching in tlje spring. Osborn has

found the eggs among the blossoms of pigweed {Amarantus retroflexiis).

We have bred the imago by May i6th from young collected May nth.

The number of generations annually is not certainly known, but there are

apparently at least two, and very likely three.

If insecticides become necessary for these insects diluted kerosene

emulsion may be used. The usual precautions of clean culture and

the destruction of rubbish during the fall and winter should of course

be taken.

THE SQUASH-BUG FAMILY.

Coreida.

Two species of this widespread and abundant family may receive

mere mention here because of the possibility rather than the certainty

of their being injurious to the beet. Corizus lateralis, a yellowish in-

sect about a quarter of an inch long, with small spots on the wings and

head, and resembling in shape the common squash-bug, is not even

known certainly to feed upon plants. It is fairly common in beet fields

late in the season, and the nature of the reports of its occurrence on

other vegetation makes it likely that it is of vegetarian habit. '- Acan-

thoceriis galeator is mentioned here because of Bruner's statement that

he has found it several times on beets in Nebraska. This is also shaped

like a common squash-bug, but is much larger, with greatly swollen

thighs and slender tibiae. The back is brownish gray, and the wing

membrane nearly black. It is widely distributed and occurs on various

kinds of vegetation, and has been reported as destructive to the orange

in Florida.

Corizus lateralis Say.

Too little is known of the habits of this common insect to permit

it to be included positively among injurious species, but as it occurs not

infrequently in beet fields late in the season together with other species

of its genus, it may be mentioned here at least as a hint to the student.

Gillette and Baker list several species of the genus found in Colorado
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on barley, alfalfa, and various weeds. Webster reports iaieralis as com-

mon on buckwheat, and Uhler found it on rank vegetation at the bor-

ders of woods. It inhabits the United States east of the Rocky Moun-
tains, hibernates in the adult stage, and, according to Uhler, is two-

brooded, the first generation of adults appearing from late May to early

July, and the second from August to October, inclusive.

Acanthocerus galeator Fabr.

(^Euthoctha galeator Fabr.

)

Little has been published of the biological relations of this insect,

common in Illinois. It is mentioned here on the authority of Bruner,

who reports that he found it several times on beets as well as on the wild

cucumber. It has much the form and colors of the common squash-

bug {Anasa tristts'), but is readily distinguished by its greatly swollen

thighs and slender tibiae. Its back is brownish gray, and the wing

membrane is nearly black. It is found throughout the United States

east of the Rocky Mountains. The eggs, which are attached by one

side in irregular clusters to leaves and stems of plants, are of a ruddy,

golden color, and of an oval shape, subtriangular in cross-section. The

young are purple-black, very spinose, with orange heads and crimson

abdomens. We have found this insect on blackberries and raspberries

and on forest undergrov/th. It has been reported by Hubbard as very

destructive in Florida. It seems to hibernate as an adult. It has been

taken by us under bark and leaves November 2d, and again April 20th.

There is probably but one generation in a year. The greater part of

our specimens were taken in June and July, and again in fall.

THE STINK-BUG FAMILY {^PentatomidcB).

The Western Green Stink-bug.

Pentatoma uJileri ^\.d\ {^Lioderma uhleri '$>\.2X).

Members of the family represented by this species are well known

to every one by their broad and flattened form and by their habit of

visiting blackberries, strawberries, and the like, upon which they leave

a distasteful excretion familiar to all who have eaten those fruits when

freshly picked. The present species belongs in the West, from South

Dakota to California and New Mexico. It has occasionally become
extraordinarily abundant and destructive, attacking cultivated crops

almost without discrimination. Corn, wheat, oats, beets, cabbage, and

a great variety of garden produce were destroyed by it in South Dakota

in 1897,* although it seemed to prefer turnips, radishes, potato blos-

soms, and young sweet-corn. In Texas it has destroyed entire plantings

*BulI. 57, Agr. Exper. Station S. Dak., p. 36.
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Fig. 26. The Western Green Stink-bug, Pentatoiiiu uhleri: i, egg (enlarged 8 times); 2, surface
of egg. greatly magnified (300 times); 3, nymph one week old, dorsal view; 4, same, ventral view; 5, beak
of two-weeks old nymph; 6, nymph two weeks old; 7, nymph ten weeks old; 8, beak of adult; 9 and 10,
adult, two color-varieties; 11, adult, ventral view. (Saunders.)
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of peas and Lima beans, and has been particularly injurious to corn,

attacking plants an inch and a half in diameter so heavily as to cause

them to wilt and break down. It has become locally very destructive

to wheat also, infesting the heads when the kernel is in the milk. At

least four thousand acres of grain were thus destroyed in South Dakota.

This insect is irregular broad-oval in form, about half an inch in

length by a quarter of an inch wide. During the early part of the season

it is uniformly green except the end of the scutellum and a narrow

band along the sides of the thorax, which are a light straw-yellow.

There are also a few white flakings over the upper part of the body.

Later the color changes through light olive to dark red, and, finally, to

dark magenta with occasionally one or more indefinite patches of black

on the thorax. The eggs are laid in a single layer of from twenty to

fifty. They are white and perfectly smooth, the free end opening by a

cap-like valve.

The life history of this species has been very well made out. In

fall the adults burrow, as a rule, a few inches into the soft earth under

weeds and rubbish, sometimes going as far as eight inches under ground,

and in one case observed three feet. They have also been found in

crevices and under bark, and occasionally in piles of manure. In late

March and early April they appear in South Dakota under weeds and

rubbish, and in a few days begin laying eggs, which hatch within a

fortnight. By the middle of June the half-grown young begin to over-

spread the fields and injure cultivated plants. By July loth the adult

stage was reached in 1897, and the bugs began to gather on the wheat.

About August ist eggs for a second brood were laid on various plants,

especially the Russian thistle, wheat, and corn stalks, the thistles being

sometimes conspicuously whitened by continuous layers of the eggs.

The adults of this generation commonly hibernate. They have, how-

ever, in confinement laid eggs in November of the same year. These

facts show clearly the dangerous character of this insect with respect

to any vegetation which it freely feeds upon.

THE NEGRO-BUGS {CorimelcBnidce).

The Common Negro-bug.

CorimelcBna pulicaria Germ.

This extremely abundant and widespread little insect, about a tenth

of an inch across, nearly hemispherical, shining black, occurs through-

out the summer and fall upon a great variety of vegetation, including farm

crops and common weeds, and has been occasionally found by us on the

sugar beet. It bears a strong general resemblance to the small black lady-

bugs, but is peculiar in the fact that the fore wings are reduced to narrow



strips beside the large scutellum, and are marked

by a slender line of white. The young are similar to

the adults, but with the grayish brown back of the

abdomen visible, and the wings, of course, wanting

or rudimentary. It is often abundant in grain

fields and in grass, but congregates especially
Fig. 27. The Common

upon certain common weeds, the Spanish needle Negro-bug, corimdaina

{Bidens) being apparently its favorite food. puUcaria. adult, natural

, size and enlarged.
Smartweed, pigweed, and rib-grass \Flantago lan-

ceolata) are also much resorted to by it. We have found it on young corn

in May doing considerable injury, and also in blue-grass meadows, appar-

ently injuring them. Unlike most equally abundant Hemiptera this insect

seems to develop but one brood a year. It winters as an adult, begins

to breed in May and June, and by the end of July the young are

practically all full grown.

Substance of leaf o}- stem more or less eaten away. Injuries by biting

insects.

Leaves cut off at ground.

THE CUTWORMS.

Agrotis, Noctua, etc.

The true cutworms, distinguished by the peculiar method of their

injury to plants, are well known to all farmers, gardeners, and horticul-

turists, but the details of their life history, the conditions under which

their injuries are most likely to be done, and methods of prevention and

remedy will bear frequent repetition. They are all nocturnal in their

feeding habits, remaining secreted by day, usually in the vicinity of their

food plant. Coming forth at night they eat fresh buds and foliage, cut

off young plants and tender stems, often wasting more than they con-

sume. There are several species of cutworms, rarely distinguished by

the ordinary observer with any accuracy, most of them plump, soft-

bodied, cylindrical caterpillars, dirty grayish or whitish and variously

spotted and striped.

Young beets suffer considerably from these pests, which in Nebraska

have at times destroyed entire crops, devouring three or four successive

plantings before they cease their work. They are essentially grass and

clover insects, and by far the greater part of them are bred in pastures

and meadows. The life histories of the various species differ consider-

ably. The eggs are laid in summer, as a rule mainly on grass, but, at

times, on almost any kind of vegetation growing on suitable ground, and

even on trees or vegetable trash or on the ground itself.



The newly hatched larvse have but four pairs of abdominal legs,

and move at first like measuring-worms, acquiring a fifth pair later.

When full grown the cutworms most commonly pupate under ground,

each forming a smooth, dark brown chrysalis, from which in three

weeks or more comes some one of several species of dull brownish or

grayish moths about an inch and a half across the spread wings. This

hides by day, like the larva, and flies only at night. These insects are

usually single-brooded, although some species have two or three genera-

tions in a year. They hibernate almost invariably as partly grown

larvse, doing their principal damage to vegetation during spring while

finishing their growth.

They are much subject to the attacks of parasites and other preda-

ceous enemies. Tachina flies fasten their white eggs to the back of the

larva near the head, and from these the young parasitic maggots pene-

trate to the interior. Small hymenopterous parasites hatch from eggs

deposited within the bodies of the caterpillars, and at maturity leave

behind the shriveling body of their host, together with a little tuft of

tiny yellow or white cottony cocoons on a blade of grass or the stem of

a weed. Larger hymenopterous parasites, such as Ophion, also attack

them; predaceous beetles, like the caterpillar-hunter (Ca/^j^^wd;), destroy

numbers of them; and insectivorous birds, especially the robin and

meadow lark, greatly aid in keeping them in check. Ground-squirrels

also feed freely upon them, thus compensating by their protection of

the meadows for their occasional raids upon corn fields in spring.

Common experience enforces the conclusion to be drawn from the

foregoing life history, that beets should not be planted on a spring-

plowing of sod, since this is very likely to be infested with cutworms,

which will commonly continue their attack upon the young crop at least

until the early summer months. A sod plowed in late summer or early

fall, is, however, commonly free from these insects, especially if it be

broken so early as to offer no temptation to the female moths flying

abroad in summer in search of suitable situations for the deposit of

their eggs. The margins of fields may notwithstanding be invaded, and

the crop be seriously injured by cutworms coming in from grass-lands

adjacent, and in this case either collecting by hand or poisoning may
be resorted to. A very useful poisoned bait for cutworms, and for

grasshoppers as well, is made by stirring together fifty pounds of bran

and a pound of Paris green, and making of this a rather stiff mash with

sweetened water. If a tablespoonful or two of this mixture be placed

at close intervals along the rows of beets in the evening, the cutworms

will eat it in preference to the living plant, and will thus be killed.

Sirrine, of New York, recommends especially a mixture of one pound
of Paris green to twenty pounds of a mixture of equal parts of bran and

middlings, and this he says is most effective when used dry. About



the same results may be obtained by heavily spraying a patch of clover

with Paris green stirred up in water, and then mowing this poisoned

vegetation and scattering it here and there among the plants in small

bundles or packages.

Only four kinds of cutworms* have so far been reported as attacking

beets in America, but it is altogether probable that most of our common
species will be found to feed upon them, as upon other vegetation.

Two of the above are common Illinois species; the greasy cutworm and

the spotted cutworm. The former {Agrotis ypsilon—Fig. 30) is a some-

what greasy-looking smooth caterpillar, dirty gray to blackish, with

small darker dots and faint indications of a paler stripe down the mid-

dle of the back. The latter {Nocttea c-7iigrum—Fig. 28) has a double

row of narrow blackish triangles on the back, diminishing in size from

behind forwards and usually disappearing before reaching the head.

The army-cutworm {Chorizagrotis agresiis) varies from light green to

dark brown with stripes along the sides. The fourth American beet-

cutworm (^Noctua plecta) is not known to us in the larval stage.

The Western Army-Cutworm.

Chorizagrotis agrestis Grote.

This species ranges from Nebraska and Texas to Arizona and Mon-

tana. It attracted special attention in 1897 by a remarkably destructive

outbreak in Montana, where it traveled in hordes, like the army-worm,

by night, as its supply of food became exhaustedf . It practically swept

the country clean of vegetation as it went, devouring all kinds of farm

and garden crops (including beets) as well as weeds and grasses and the

leaves of fruiting shrubs and trees. Immense numbers were drowned

in irrigation ditches. One section of a ditch, for example, two hundred

and fifty feet long and two feet wide, was filled with a mass of cutworms

*As this article is going to press we notice a report of serious and peculiar injuries to beets by the

so-called dark-sided cutworm {Carneades viessoria), published in Bulletin 42 of the Washington State

Experiment Station, in an article entitled "A New Sugar Beet Pest, and Other Insects Attacking the

Beet." The writer, Mr. R. W. Doane, says:

"Among the various species of cutworms that frequently do more or less damage to the beets is the

dark-sided cutworm {Carneadcs messoria). These are dark, earth-colored larvic that feed sometimes

upon the leaves of the plant, but more commonly on the upper portion of the root. Sometimes the roots

are gnawed entirely in two, at other times large, ugly-looking holes are made in the sides, which, if made
while the plant is young, either wholly destroys it or causes it to develop into a deformed, ill-looking root.

The worms usually feed only at night, lying concealed in the ground during the day. In very badly in-

fested fields we have often found five or six larvae around a single beet, usually lying quite close to the

root, but sometimes a few inches away. When fully grown these larva; change to brown pupa; from

which, some time later, the adult moth emerges.

"The best and often the cheapest way to get rid of these pests is to search them out and destroy

th-em. Where indications of the insect's work are found, the worm itself is almost sure to be found in the

soil not far away. As they are unusually near the surface they are not hard to find, and one person can

go over quite a large field in a day and destroy nearly all the worms therein. These larva; are frequently

found hid away under loose boards or stones lying about in the fields. This suggests the feasibility of

using such things as traps, and very excellent results have been obtained by scattering loose boards

around over the field and collecting and destroying any of the worms that use these for their hiding

places during the day."

tBull. Mont. Agr. Exper. Station, No. ny, pp. 10-18.
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six to twelve inches deep, and the smaller ditches were sometimes

dammed until the water burst the banks, carrying bushels of the still

living caterpillars into adjoining fields.

The mature larva is about two inches long, nearly smooth, light

green to dark brown with alternating dark and light stripes along the

sides. The moth is brown with gray markings, and a wing expanse of

about an inch and a quarter. The larvae hibernate, like other cutworms,

partly grown, doing their principal damage in spring, and the moths

appearing late in summer and fall. Ditching and poisoning, as for the

common army worm {Leucania) will, of course, be effective against

this western species. A barrier of poisoned clover proved on one occa-

sion to be an efficient means of destroying it.

The Spotted Cutworm,

Noctua c-nigrum Linn.

This insect, common to Europe and America, is best known as a

corn cutworm, but destroys also cabbages, beets, and other garden

plants. We have bred the moth, in fact,

f] om cutworms taken on beets. The spe-

cies is double-brooded, injuries of the

first generation being practically over by

the first of May, and those of the second

brood occurring mainly in July and Au-

gust. The larva is ashy gray or pale

brownish, about an inch and a half long

when full grown, and marked as in the

accompanying figure (Fig. 28). It pu-

pates under ground or in loose cocoons

at the surface. The hibernating larvae

begin feeding in April and May, and most

of them produce adults in May or early

June. A few, however, are said to con-

tinue much longer, even as late as August.

Larvae of the second brood begin to ap-

pear in the latter part of June, but are

most abundant in the following month.

'LI

M

Fig. 28. The Spotted Cutworm, Noc-

tua c-nigrmit, larva.back and side views.

This second brood generally becomes

adult from late July to September.

We have found a single small cutworm

of this species on a beet plant June

24th, which became a pupa July i8th

and an adult August 8th. There are

occasional traces of a partial third

generation during. the autumn months.

Fig. 29. The Spotted Cutworm, Noctua

c-nigrum, adult.



— I04 —

A young specimen taken on violets September 9th was nearly full

grown October ist, when it was accidentally destroyed.

The Greasy Cutworm.

Agratis ypsilon Rott.

In this larva the cutworm habit is developed to its fullest extent.

It is one of our commonest species, and a true cosmopolite, its range

extending around the world and including

Australia. A partly eaten beet leaf was no-

ticed by us in July, drawn into a crevice in

the earth, within which a full grown larva of

this species was secreted. It is a general

feeder, destructive in gardens, and injurious

also to field crops and a variety of fruits*

including the strawberry, grape, and apple.

The pale red, nearly spherical eggs are

laid in patches, often two or three layers

deep, not always on the food plants of the

larvse. The young are at first semiloopers.

When mature they are about an inch and a

half long, dirty grayish or blackish, and

feebly striped. The dark brown pupa is

found in the earth. The life history of this

species is not thoroughly known, but there

is apparently but one brood each year, with

many occasional irregularities in the stage

of hibernation and periods of development.

The species seems usually to hibernate as

a larva, pupating about the first of June, and yielding the moth late in

this month and in July, and these

moths of summer origin often

linger on until October. The

hibernating larvce are seldom

found after July. 15th. Pupae

have, however, been found in win-

ter, and adults, probably emerg-

ing from these, early in spring.

It is possible that the discrepancies

of this record may be reconciled by the discrimination of one or more

additional 'broods.

Noctua pleda Linn.

This European cutworm is widely distributed in the United States

from Canada to Texas, -and is moderately common in Illinois as shown

Fig. 30. The Greasy Cutworm,

Agrotis ypsilon, larva, back and side

views.

Fig. 31. The Greasy Cutworm, Agrotis ypsilon,.

adult.



— I05 —

by the presence of the moth at electric lights and at ''sugar." Its larval

habits in this country are entirely unknown, and, indeed, the larva itself

has not been recognized by us. It is worthy of mention here, however,

because of its injuries to beets in the Old World, where it is reported

by Kaltenbach to feed on garden vegetables, including celery, beets,

chicory, endive, and lettuce. The moth is a trim little species, slightly

more than an inch across the wings, resembling a dwarfed c-nignmi

except for a well-marked light streak along the anterior border of the

fore wings. In this country the insect seems to be two-brooded, like

c-nign/tn, the moths being found in Illinois in the latter part of May and
in June, and again in August.

Leaves rolled at edge or folded lengthzuise of fniddle, the rolled or

folded portions fastened together by loose webbing.

LEAF-ROLLERS {Tortricidce and FyraustidcB).

The Greenhouse Leaf-Roller.

Fhlyctcenia ferrugalis Walk (^Botis harveyana Grote).

No leaf-rollers have hitherto been reported as injurious to the beet,

but during the past summer we twice collected from beet leaves a very

common greenhouse

pest belonging to one

of the leaf-roller fam-

ilies [Fyraustidce) and

bred these larvae to

the imago of the

above species. These

insects were obtained

from beet fields near

Pekin, 111., and at

Urbana. The active

rUStV brown moths ^'^ ^^' ^^^ Greenhouse Leaf-roller, Phlyctcenia ferrtigalis: A,
' ' adult, wings expanded; B, same, wings at rest; C, larva; D, pupa.

with wings about (Davis.)

three-eighths of an inch long, were also occasionally seen in the samo
fields.

The caterpillar is translucent green, with white lines on the body
and two black dots on the neck shield. It feeds in a loose marginal

fold of the leaf, fastened down by a web spun by itself; or sometimes
it draws two leaves together, forming a loosely webbed retreat between
them. It is said to live, when full grown, in a webbed concavity on the

under side of the leaf, but according to our observation this is certainly

not always true.
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This well-known species is common to Europe and America, and

is at times very destructive in greenhouses, where it eats irregular holes

in the leaves of various plants. It is also reported by Davis as a

celery insect, and by Johnson as injuring young tobacco plants in hot-

houses. The strawberry has been mentioned among its food plants in

England.

Larvse found September 2d in Illinois yielded us the adult October

15th, and the moth has been collected by us late in April—facts which

indicate the hibernation of this species in the imago stage. The pub-

lished breeding records of English entomologists indicate a similar

hibernation, moths emerging late in October from pupae formed early

in that month. The summer history of the species is not well estab-

lished, but our own breeding-cage records and greenhouse observations

taken in connection with a few scattered published notes indicate the

possibility of at least four generations annually.

During the past summer we have several times seen small beet

leaves folded along the midrib, and on separating the folds have found

a dense silken web forming a somewhat tubular retreat, in which lay a

small slender, green, active larva. At least two species of these were

recognized, both apparently belonging to the Tortricidcz. They were

placed in breeding-cages, but failed to mature.

Plant more or less completely covered or inclosed within a loose open

web; the leaves eaten by spotted or striped caterpillars.

THE GARDEN WEB-WORMS.

Loxostege and HeHula.

Already notorious in the history of beet culture in America are two

species of insects belonging to the genus Loxostege, both commonly

known as web-worms in the Western States, where they are most

abundant. They are rather small, smooth, active larvse, which spin a

conspicuous web about the foliage infested by them. They feed largely

on garden weeds, such as purslane, lamb's-quarters, and pigweed, but

when excessively abundant, as they often are in the West, they may

completely destroy beets and other garden vegetables, and a great

variety of weeds and cultivated plants.

A third species, the so-called imported garden web-worm {Hellula

undalis') is especially destructive to cabbages and other Cruci/em. It

has lately made its appearance in the eastern United States, and is likely

to extend its range.

The eggs of the parent moths of the web-worms are apparently laid

upon the plants, above ground. The larvse make separate webs about
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the foliage upon which they are feeding, each with a closely webbed

inner retreat for concealment. A single leaf or an entire plant may
thus be inclosed. The brown pupa of the native web-worms is formed

in an elongate cocoon within a silken tube among the surface debris or

in the loose earth beneath the plant. The paler pupa of the imported

web-worm is inclosed in a compact white silken cocoon. The moths

of these species are small, brownish, buff, or gray, with broad sub-

triangular wings, and present a triangular outline when at rest. The
species seem to hibernate in the cocoon, either as larvse or pupae.

There are three or more broods in a year, usually becoming more

destructive as the season progresses. The numerous dipterous and

hymenopterous parasites of these species, together with their other

enemies, insect and vertebrate, seem under ordinary conditions to keep

them well in check.

The protective web spun by these caterpillars is not sufficiently

dense to repel an arsenical spray, and they are consequently easily de-

stroyed and their injuries checked if action is prompt and vigorous.

Their attack in the beet field often develops very rapidly, and must

receive immediate attention if serious mischief is to be prevented. If

beets are to be planted on land previously covered with pigweed, purs-

lane, or lamb's-quarters, it has been found useful to harrow the land

thoroughly in fall to uncover the hibernating larvse and pupae in their

cocoons, and thus to expose them to destruction by the weather and

their natural enemies.

Four species of native web-worms have been observed in Nebraska,

where these insects have been most extensively studied, three of them

feeding upon beets and one on lamb's-quarters and hence likely to feed

also upon the beet. Two of these have been well studied; the common
web-worm (^Loxostege siniilalis) and the beet web-worm (Z. sticticalis).

The first is common in Illinois, although it has never proven very

destructive here, and the second probably occurs in the state, although

it has not yet been noticed here to our knowledge. Another common
species of the genus, L. chortalis, occurs also in Illinois, and may quite

possibly attack the beet. The larvae of similalis and sticticalis are easily

distinguished. That of similalis (Fig. 2)2n ^) varies from pale yellowish

to dusky, with symmetrically placed black dots on each segment, and

with a pair of narrow pale lines down the middle of the back and one

such on each side of the body. The larva of sticticalis (Fig. 35, a) is

darker, the dots are black with white centers, and there are three broad

dark stripes above. The larva of the imported web-worm {^Hellida

undalis—Fig. 38, b, c) is yellowish or grayish, with five well-marked

brownish purple stripes above, but no conspicuous dots.
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Fig. 33. The Common Garden Web-worm, Lo.v-

ostege sittiilalis : a, larva; b, middle segment of same,

side view; c, last segment of same, top view; d, pupa;

e, last segment of same. (Riley, U. S. Dept. of

Agriculture.)

The Common Garden Web-worm.

Loxostege sijniialis Guen.

\{Eurycrcon rantalis Guen., Botis posticata G. & R.)

This common and widely

distributed web-worm breeds
largely on pigweed {A?narat}tus')

and purslane, but has not attract-

ed especial attention in Illinois

by its injuries to cultivated crops.

Considerable numbers were pres-

ent in beet fields last season in

this state, however, and a notice-

able amount of damage was

done.* A full list of its food

plants appears in the U. S. En-

tomological Report for 1885, page 267. Although this species has been

most abundant in the region west of the Mississippi, it is distributed

throughout the United States and occurs also in South America. It is

a common insect in Illinois, and has been reported by Webster as one

of the most abundant moths on buckwheat in Indiana. It has been

recorded as common and injurious in Mississippi and the Western

States, particularly in Nebraska, where it has been a very destructive

species, a serious outbreak occurring in 1885 and another in 1892. At

both these times this insect destroyed almost all the vegetation which

came in its way. The corn crop of the region was seriously injured,

and many fields of beets were completely stripped.

The larvae spin loose but evident individual webs, with usually a

single web-worm to each, inclosing more or less of the foliage of the in-

fested plant. On beets a single leaf is often lightly webbed over, with

a closer retreat along the midrib where the leaf narrows into the stem.

Most commonly, however, especially if the plant be small, the entire

base is inclosed in a thin web, with a tubular retreat extending into the

loose earth close by. The greatest damage is done within these webs

by the eating of the growing bud, thus, according to one beet grower,

'causing the root to rot in the center above. When very young the larvae

gnaw the surface of the leaves, but later they rag them with large irregu-

lar holes, or even devour them almost wholly, leaving a blackened web-

covered skeleton.

The eggs of this insect have not been seen by us, and have not been

described. They are apparently laid upon the leaves. The larvte are

whitish or dusky, with black dots. They are very active, feigning death

*An attack on soy-beans at Brighton, Macoupin county, III., was reported to us by a correspondent,

and specimens of the larva; sent, which we bred to the adult of this species.
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when disturbed, or spinning a thread, dropping to the ground, and slip-

ping out of sight in crevices or in the loose earth. Most of the feeding

is done at night, the larvae usually resting in the web by day. The full

grown web-worm spins a delicate brownish cocoon within its silken

retreat in the earth, and changes there to a brown chrysalis with a pair

of terminal prominences each bearing three short spines at the posterior

tip of the body. The moth is buffy or grayish, with darker markings

as in the figure. Like the other moths of its family it is strongly at-

tracted to lights.

This species seems to hibernate as a moth, and the published data,

together with those in our possession, indicate more or less definitely

the occurrence of about four generations in a year. The first moths of

the season noticed in the West in the latitude of central Illinois appeared

late in May and early in June. These probably developed from an un-

observed generation of larvae, the descendants of the hibernating imagos.

A brood of larvse followed in June, becoming adult early in July; and

another came about the middle of that month, examples occurring on

sugar beets in Illinois July 13th. Larvse of this brood taken from sugar

beets July 26th had pupated July 31st, and a moth emerged August 15th.

Adults of this brood have been taken by us abundantly in late July and

in August. Larvse found in Kansas August nth were thought by Dr.

Riley to indicate a fourth larval brood. We have had pupae and adult

larvse from soy-beans, collected August 27th. These had nearly all

pupated by September 4th, and the adults emerged September loth to

13th. September ist and 2d, full grown larvse and moths were very

common in our beet fields and also on purslane and pigweed {^Ama-

rajitiis). Larvse put in breeding-cages entered the earth for pupation

September 6th to nth, emerging October 15th to i8th. Some very

young larvse, perhaps representing a fifth brood, were also noticed Sep-

tember 2d. The young web-worm grows rapidly, apparently requiring

not more than ten days to mature.

Three hymenopterous parasites have been reared from this species:

Limneria eiirycreontis Ashm., Agathis exoraius Cr., and a species of

Pachymeriis. A Tachina fly has been bred from it which appears to

be an important parasite. Ladybirds, ground-beetles, etc., also prey

upon it.

The Beet Wee-worm.

Loxostege sticticalis Linn.

This species suddenly appeared in great numbers in Nebraska in

sugar-beet plantations in 1892, causing great destruction to the beet,

but not to other cultivated plants. The injury was mainly done within

a few days, one plat, for example, losing half its foliage within thirty-

six hours after the first signs of injury were noticed. The destruction



was greatest on old beet land and in the middle of large fields where

weeds had been most abundant the year before, and especially on sandy

soil and comparatively high ground. Another injurious brood appeared

7--.-

Fig. 34. The Beet Web-worm, Lexostegc sticticalis:

a, eggs; b, same, enlarged; c, cocoon of pupa; d, larval

case; e, posterior tip of pupa. (Riley, U. S. Dept. of

Agriculture.)

Fig. 36. The Beet Web-worm,

Loxostege sticticalis : a, larval case;

b, same,occupied by cocoon of a par-

asite; c, pupa. (Riley, U. S. Dept.

of Agriculture.)

later in the same season. The usual food plant of this web-worm is

believed to be lamb's-quarters {Che/iopoditim album), and so serious an

injury to beets as that described above is altogether exceptional.

This species inhabits Nebraska and adjoining states, and has also

been taken in Michigan, but it is not yet known to occur in Illinois.

It has been found on A?narantus in Kansas and Nebraska, and on tansy

in Michigan.

Fig. 35. The Beet Web-worm, Loxo-

stege sticticalis : a, larva; b, an abdominal

segment of same, top view; c, same, side

view. (Riley, U. S. Dept. of Agriculture.)

Fig. 37. The Beet Web-worm, Loxostege sticticalis, adult.

(Riley, U. S. Dept. of Agriculture.)

The pale yellow, very flat, circular eggs are attached to the leaf

surface singly or in an overlapping row of two to five or more. The

caterpillar, we are informed by Prof. Bruner, does not web the vegeta-

tion together so freely as does that of the garden web-worra. Besides

the loose cover to the leaf or plant it makes a tubular silken burrow in



the earth or in the surface debris at the base of the plant, and when full

grown constructs within this a thin cocoon about twice its own length,

—or, in the case of hibernating larvae, about thrice its length,—in which

it changes to a dark brown pupa, this stage lasting about two weeks.

The larvae of the last brood winter in their tubular retreats, changing to

pupae the following May, and soon after emerging as moths. A June

brood of larvae, not yet observed and probably not abundant, must

come from these moths, in turn becoming adult, this brood of moths

producing the destructive Nebraska brood of 1892, which was at its

worst during the third week of July. A presumptive third brood of

larvae reached its maximum that year about the end of August, and en-

tered the ground for hibernation. A few of these larvae gave origin to

the moth in September and October, and these may exceptionally pro-

duce a fourth larval brood. In Michigan tansy patches a brood of larvae

appeared in August, probably corresponding to the second or late July

brood in Nebraska, the third brood following in the latter part of Sep-

tember. These changed to moths the following May in breeding- cages.

The species is unusually subject to parasitism by several species of

Hymenoptera and at least one of Diptera.

The Imported Garden Web-worm.

Hellula nndalis Fabr.

This garden pest is especially destructive to cabbages, turnips, and

other CrucifercE, but is also reported as feeding on purslane and as

attacking beets. It was first

known to occur in this

country in 1895, when it

was found very destructive

to cabbage in the vicinity

of Charleston, S.C. In 1898

it appeared near Augusta,

Ga., causing a loss variously

estimated at from $15,000

to $50,000.* It inhabits

Asia, southern Europe, and

Australia, and is obviously

of European importation,

doubtless of comparatively

recent date. The moth is

also said to have been col-

lected in southern California, and. perhaps in Texas. It is seriously

injurious in South Carolina, Georgia, and Alabama, and has also ap-

*Bull. No. 19, N. S., U. S. Dept. Agr., Div. Ent., p. 52.

Fig. 38. The Imported Garden Web-worm, Hellula ttnda-

lis: a, adult; b, larva, side view; c, same, top view; d, pupa
(Chittenden, U. S. Dept. of Agriculture.)



peared at Los Angeles, California. As it is of tropical and subtropical

distribution mainly, it does not at present threaten serious injury in the

great beet-growing districts of the country. Its injuries to cabbages in

Georgia were apparently increased by the slow growth of vegetation due

to a rainy and backward season. The egg being laid in the heart of

the growing plant the hatching larvce are generally carried out upon the

unfolding leaf, but on the occasion referred to the growth was compar-

atively slow, and the larvre consequently frequently attacked the heart

of the plant with destructive effect.

The eggs hatch in from ten to fourteen days. The narrowly striped

full grown larva is half to two-thirds of an inch long. It spins a web

about itself, extending this with its own growth. In breeding-cages the

pupa was formed in a rather compact white silken cocoon about three-

eighths of an inch long. It is three-tenths of an inch in length, light

yellowish brown, with a pruinose surface bloom and a median dorsal

stripe. The adult is about five-eighths of an inch across the expanded

wings, grayish, with whitish and blackisli lines in patches. The princi-

pal injuries seem to be done during the latter part of the year, in

August, September, and the fore part of October. In breeding-cages

moths have begun to emerge November 21st—a fact which would seem

to indicate hibernation as an adult. The number of generations annually

is unknown. The larva is parasitized by a Tachina fly {^Exorista piste

Walk.) and probably by an ichneumon {^Limncria iibiaior Cr.).

It is evident that this species can be easily transported, especially

on cabbage, either in egg, larval, or pupal stage, and it is practically

certain, consequently, to extend its range according to its capacity to

endure our climate. As it is a southern species in the Old World, it

will perhaps not become general in the United States.

Leaves riddled by small holes ustially more or less definitely circular.

Many small hard-shelled leaf-beetles present.

THE LEAF-BEETLES.

Chrysomelidcc.

(PL IV., Fig. 2; Pis. V.-VIII.; PI. IX., Fig. i.)

The adults of several of the sj)ecies of the great family of leaf-

beetles feed upon beet leaves and are commonly present in beet fields

in sufficient number to make them a prominent feature of the insect life

of the crop. Most of these species pass the larval stage on the roots

or leaves of other plants, infesting the beet, with various other kinds of

vegetation, when they become adult. There are a few species, however,

which live upon the beet as larvae also, and one of these at least is a

beet pest of the first importance.
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The beet leaf-beetles vary in size from small to minute. The wing-

covers are often longitudinally striped, or in a very few cases spotted,

and still other species, especially the smaller forms, have a uniform

metallic luster—bronze, green, or black. The leaf-beetles should be

carefully distinguished from the beneficial ladybugs i^Coccinellidcc), of

similar form and size and also often abundant upon the beet leaves.

The latter have wing-covers either plain yellowish or spotted with black,

or, in the smaller forms, plain black, often with red or white spots.

The leaf-beetles commonly riddle the leaf with small holes, and if

abundant may seriously injure the plant or even destroy the crop when

it is still young. Often the injury does not extend at first entirely

through the leaf, the epidermis of the opposite side being left unbroken,

but this soon shrivels and breaks away and a perforation results. This

is usually the case with young larvae or with the smaller flea-beetles.

The holes made by the cucumber beetles and their allies (^Diabrotica)

are more irregular than those made by flea-beetles, the latter being

small and approximately circular. If the injured leaf be young the

holes increase with its growth, and also change form, becoming longer

in the direction of its length. They are sometimes so numerous as to

pepper the leaf thickly as if it had been riddled by fine shot, and as they

increase in size the substance often breaks away between them, making

large irregular openings.

The numerous species of this family which breed on cultivated

plants other than beets are not likely to injure beets seriously except in

the immediate vicinity of such plants. Those which breed on weeds

are more likely to be injurious, especially in weedy fields. Those which

breed on the beet leaf itself have rarely been destructively abundant on

that plant, but are liable to become so at any time.

Since all these insects, in both the adult and larval stages, feed ex-

posed upon the surface of the leaf, biting and devouring the substance

of it, they may be destroyed by the ordinary insecticides, especially the

arsenical sprays. The main difiiculty in the application of these is their

liability to run off the smooth surface of the leaf, but this may be pre-

vented in great measure and the efficiency of the insecticide increased

by a combination with the Bordeaux mixture, as described on another

page.* Professor Garman, of Kentucky, has found, indeed, that Bor-

deaux mixture alone is an efficient insecticide for certain of the flea-

beetles.

The most serious damage by insects of this class is done when the

beet is very young. Here spraying is obviously futile, since the leaves

would be eaten before the insects were thoroughly poisoned. This crisis

may often be avoided, however, by early planting and active cultivation,

pushing the plant rapidly forward before the attack is fully developed.

*See p. 40I.
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The eggs of insects of this family are laid either upon the leaves of

the plant infested by the larvae or on its roots or in the ground close by.

The root-feeding larvae are usually whitish and slender, but the leaf-eat-

ing species are darker, shorter, and thicker, and often with the segments

strongly marked. The larvae change to whitish pupae in the earth, about

the base of the plant infested by them. As a general rule the species

pass the winter as adults, are found feeding on the leaves in May,

and produce larvce in June, adults from which are present in July and

August. Two and even three broods may occur before the end of the

season, but in many root-feeding forms there is but one each year. The

important genus Systoia forms a notable exception to the foregoing

account, hibernating either as larva or egg, and producing a single

brood of adults in summer. Colaspis seems to have a similar history to

Sysiena, and Chcvtocnema departs from that given above by the fact that

its single brood of larvae appears about a month later.

The greater part of the beet leaf-beetles belong to the group com-

monly known as flea-beetles because of the expert quickness and energy

with which they leap when disturbed. This group can be distinguished

from other beetles of the family by the very thick hind thighs, shaped

somewhat like those of a grasshopper. Other members of this family

fly rather than leap when alarmed, their hind thighs being of ordinary

size. The species of flea-beetles infesting the beet are so numerous, the

individuals so small, and the characters distinguishing them so technical

and obscure, that a discrimination of the species—useless as it is for

economic purposes—will not be attempted in this paper. The entomolo-

gist interested in specific characters is referred to Dr. Horn's "Synopsis

of the Halticini of Boreal America."* Certain of these jumping beetles

are, however, so common and occasionally destructive in the beet field

that they are deserving of special mention.

The yellow-black flea-beetle {Disonycha xa*iiho?nelcena—PI. V., VI.)

is one of the commoner beet insects, both larva and adult feeding upon

the leaves. It may be distinguished among the flea-beetles by its com-

paratively large size (its length about a quarter of an inch), by its

metallic greenish-blue or black head and wing-covers, with the thorax

uniform pale yellowish above and black beneath and the abdomen

entirely yellow beneath. A much smaller, also very abundant, species

whose injuries in spring frequently attract attention, is the pale-striped

flea-beetle {Syste/ia tceniata—Fig. 39). This is about an eighth of an

inch in length, light yellowish brown in general color, with a broad pale

stripe down each wing-cover.

f

*Trans. Am. Ent. Soc, Vol. XVI. (1889), pp. 163-320.

rOther species which have been found on beets, many of them more or less injurious, are Dtsonchya

crinicollis, D. triangularis, and D. cerziicalis, Systena hitdsonias and S.frontalis, Phyllotreta vittata,

P. albionica, and P. deci/'iens, Epitrix brevis, Crepidodera airiventris, Glyptina brunnea, Longitarsus

tnelanurus, Chietocnema detiticulata, C. pitlicaria, and C. confinis, and Psylliodes punctitlata and P,

convexior.
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The leaf-beetles which do not have the leaping habit are fewer in

number and much more readily discriminated. The two " French bugs"

{Monoxia), not found in Illinois, are either pale yellowish with indefinite

spots {M. consputd) or uniform in color but varying from yellow to black,

rarely with a more or less distinct pair of dark stripes on the wing-covers

(J/, puncticollis'). The beetle of the northern corn root worm {Diabroiica

longicornis—Fig. 49) is uniform green; that of the southern corn root

worm (Z). i2-punciata—Fig. 45), generally yellow with three cross

rows of black dots on the wing-covers, four in each row. The common
cucumber beetle (Z?. vittata—Fig. 46 a) is striped with black and yellow;

and the grape-vine Colaspis (C brunnea—PI. IX., Fig. i) is a thick

clay-yellowish beetle about an eighth of an inch long, with cylindrical

thorax only about half as wide as the body across the prominent

shoulders.

The Larger Striped-Flea-beetle.

Disonycha crejiicollis Say.

This rather large flea-beetle, about a quarter of an inch in length,

striped with pale yellow and black and with a pair of black dots near

the middle of the yellow thorax, has been occasionally found by us in

the beet fields of Illinois in summer and fall, and has also been seen on

beets in Nebraska. It ranges from New York and Iowa to Texas and

Mexico. Its larval habits are not known, but those of related species

feed exposed upon the leaves of beets and other plants. This beetle also

injures strawberry leaves, and it is one of the common melon beetles of

southern Illinois. It hibernates as an adult, but the number of its suc-

cessive broods has never been determined.

The Three-Spotted Flea-beetle.

Disonycha triangularis Say.

(El. IV., Fig. 2.)

This beetle is black except the thorax, which is pale yellowish

above and bears three small dots arranged as a triangle, the middle one

of the three usually very small. It feeds commonly on leaves of the

sugar beet in Illinois, on lamb's-quarters, apparently its favorite food,

and also on the spiny pigweed {Amaranti/s^. It is found throughout

the United States and Canada. It hibernates as an adult, occurring

not uncommonly in our January collections. We have taken it fre-

quently in July, and occasionally also in late August and early fall. Its

life history is not known except'by analogy with that of the following

species. It occurs throughout the United States east of the Rocky
Mountains and in Canada.
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The Yellow-Back Flea-beetle.

Disonycha xantJiomehcna Dalm.

^Disonycha collaris Fabr.)

(PI. v., VI.)

At any time throughout the season from early spring to fall the

beet leaves may become riddled with small round holes usually from an

eighth to a fourth of an inch in diameter. This very common injury is

most frequently done, according to our observation, by the larvae and

adults of this common flea-beetle of the beet. The adult insect is about

a quarter of an inch long, steel-blue to blackish above, with pale yellow

thorax without spots; the larva is grayish white, cylindrical in general

form, and also about a quarter of an inch long. The segments are

strongly marked, each bearing a row of raised tubercles, with a stiff

black hair from the tip of each tubercle. The larvae commonly feed

from the under side of the leaf, and drop to the ground when disturbed.

When young they merely gnaw the surface, causing discolored spots to

appear on the upper side, but when older they eat entirely through the

leaf. They are somewhat gregarious, especially when young, keeping

together and moving in company from one leaf to another.

The species ranges from the Rocky Mountains to the Atlantic and

Gulf coast, and is also reported from Montana and British America.

It has been treated as a spinach insect, attacking this plant as it does

the beet, and the beetles have been found feeding on lamb's-quarters,

pigweed, and a species of chickweed {Stellaria media).

There seem to be two broods in a season. The female beetles

emerge from their winter quarters in April and May, and lay their eggs

in those months and in early June at the bases of the plants infested, on

bits of leaf or earth, or even within the earth. The eggs are orange-

colored, and placed on end like those of the potato beetle. They

begin to hatch in April or May, according to locality, and continue to

hatch into June and even into early July. Most of the larvre of this

generation have attained their growth and entered the earth for pupa-

tion late in June and early in July, and beetles begin to emerge in about

a month from the time of the first deposit of the eggs. Eggs deposited

June 2oth at Urbana gave origin to the adult July 25th, and others ob-

tained June 27th and 28th yielded larv?e which began to pupate July

15th and to yield adults July 25th. The beetles of the second genera-

tion lay their eggs in late July, August, and early September, and the

beetles of this second brood mature before winter sets in. Miss Murt-

feldt has found the larvje feeding upon spinach leaves near St. Louis in

April and May, the first beetles from these larvce appearing late in the

latter month. In the northern half of Illinois the development is some-
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what later. A dipterous parasite {^Hypostena barbatd) was bred by us

in June from the beetle.

Disonycha cervicalis Lee.

This species is yellow and black like D. xanthomelcBna, but differs

in the fact that the body is entirely yellow beneath, while in xantho7ne-

IcBna the under side of the thorax is black. It is recorded by Bruner as

a beet insect in Nebraska. Although it occurs in Georgia we have not

yet seen it in Illinois.

Crepidodera atriveniris Melsh.

A tiny clay-colored species, of whose habits little is known. It was

found by us on sugar beets in early October, and is recorded by Web-
ster from buckwheat September 7th. It is common in Illinois, where

it hibernates as an adult, occurring in our collections in December and

March. Our specimens have been taken, however, mainly late in April,

in May, and in July.

The Potato Flea-beetle.

Epitrix cucumeris Harr.

This very small, blackish, faintly shining, minutely punctured spe-

cies lives as a larva, so far as known, only on the roots of solanaceous

plants (potato, tomato, egg-plant, tobacco, etc.). The beetles are also

practically confined to plants of this order for food when these are

available, but, nevertheless, infest other plants occasionally. They
have been found abundant in Nebraska on the potato, horse-nettle, and

on beets, riddling the leaves of all these plants with minute holes. We
have taken them several times in small numbers on sugar beets in Illi-

nois. They are also recorded as injurious to celery, sweet-potatoes,

raspberry, turnip, cabbage, and petunia, and have been found by us

doing much injury to young potatoes by gnawing the sprouts. The larvae

are not leaf-miners, as they are often said to be, but feed upon the roots,

being especially injurious to those of the potato, tomato, and egg-plant.

They bore into potatoes, often making them "pimply."

There is probably but one brood in a year, the eggs being laid in

June, the larvae feeding in June and July, and pupating in the earth.

The adults, issuing in July and August, hibernate, and feed again in

spring, disappearing after the eggs are laid in June. They are some-

times parasitized by a hymenopterous insect, probably one of the Bra-
conidce. The proximity of beets to any of the cultivated food plants

mentioned above or to Jamestown weed and other wild members of its

favorite family would of course expose the beet field to injury by this

insect.
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Epitrix brevis Schwarz.

(PI. VII., Fig. I.)

This very minute, black, strongly punctured flea-beetle is doubtless

frequently overlooked on account of its small size. Outside of Illinois

it is known to us from Florida, Louisiana, and Texas. It is somewhat

common in this state, and many examples have been taken at Urbana

in October on sugar beets. It was originally described from specimens

taken on the black nightshade {^Solanum nignwi). The larva probably

feeds on roots of Solanacecc.

Chcctocne?na denticulata 111.

This flea-beetle is about an eighth of an inch in length and of a

uniform metallic bronze color. It feeds principally upon grass and

grain, but has been found injuring beets to some noticeable extent in

Nebraska and in Illinois. In the Eastern States it has been reported as

injurious to broom-corn, millet, and various grasses. On corn, when

abundant, it does conspicuous injury, making minute holes, elongate

slits, and white streaks on the leaf. We have seen it very abundant on

coarse grasses on the banks of the Ohio River opposite Elizabethtown,

111. It hibernates as an adult and eggs have been obtained from it by

us early in July. Its life history is otherwise unknown, the larvae never

having been recognized.

The beetles were found most abundant on broom-corn near Wash-

ington, D. C, during the last week in June, the numbers diminishing

after the first week in July. About the middle of August adults, proba-

bly of the new brood, have been taken by us abundantly in Kentucky,

and also at Metropolis, in southern Illinois. It apparently occurs

throughout the United States east of the Rocky Mountains, and it is

also known from California, Utah, and Montana.

The Corn Flea-beetle.

Chcetocnema pulicaria Melsh.

A number of specimens of this minute bronzed species were taken

by us on sugar beets in October in Urbana. The species has been

known mainly as a corn insect in Illinois, where for several seasons it

did considerable injury to the leaves, riddling them with minute holes,

causing them to wither, and noticeably dwarfing the plants. It has also

been taken on sorghum, blue-grass, wheat, strawberry, ragweed, and

horse-nettle, and was found with the species preceding injuring broom-

corn at Washington, D. C. It occurs from Pennsylvania and North

Carolina to Texas and, Colorado, and seems to be especially common in

southern Illinois. It hibernates as an adult, and has been found de-
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structive to corn in southern Illinois during the latter half of May, the

middle of July, and on various dates thereafter up to the close of the

season. Nothing is known of its immature stages, but we have found

the adult in winter quarters in November.

The Sweet-Potato Flea-beetle.

CJicetocneina confinis Cr.

This minute species has been found by us on sugar beets in Octo-

ber, but makes its principal attack on the sweet-potato, morning-glory,

and other plants of the order Convolvulacece. It burrows small channels

along the leaf veins, causing the leaves to turn brown and die if the

weather is unfavorable, or, if the plants are young, often killing them

before they have fairly started to grow. It has been found by Webster

v^ry abundant and injurious on corn and wheat. We have seen it

riddling the leaves of raspberries with small holes, thus destroying as

much as twenty per cent, of the foliage. It is most injurious on low

lands and near the winter shelters of the beetles. Nothing is known

of its life history except that it hibernates as an adult and appears

abundantly in May,—at which time the sexes copulate,—and that it

disappears by the first of July but comes in again during the latter part

of the month, becoming abundant by August and continuing until the

close of the season. It occurs throughout the greater part or all of the

United States.

The Smartweed Flea-beetle,

Systena hiidsoiiias Forst.

(PI. VIII., Fig. I.)

This beetle is bluish-black throughout, about an eighth of an inch

in length, and more elongate than most of the small flea-beetles, ap-

proximating in form the cucumber beetles {Diabrotica). It occurs

everywhere east of the Rocky Mountains. It has been found abundant

on sugar beets in New York, and has occasionally been noticed by us

on the same plant at Urbana. No serious damage has been noticed,

however, the species feeding primarily on smartweed and dock, and

also infesting the daisy, fleabane, plantain, ragweed, goldenrod,

catnip, Bru7ieUa vulgaris, and the wild verbenas. The adults of this

species are commonest in midsummer, gradually diminishing in

number, and wholly disappearing before winter. Although the life

history is not definitely known and the immature stages have not been

identified, the species is probably single-brooded, the eggs being laid

in the fall.
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Sysiena frontalis Fabr.

(PI. VIII., Fig. 2.)

A somewhat elongate insect, about an eighth of an inch long, with

a narrow thorax, resembling the preceding species in form and general

appearance, and bluish black like that, except that the head is pale red-

dish. It has been reported from New York as riddling the leaves of

garden beets to an extent to give the field a brownish look. It has also

been seen in moderate numbers on beets in Illinois and Nebraska.

Other cultivated plants are occasionally infested, unusual injury having

been reported to the leaves of the gooseberry, grape, and pear. It is

especially a smartweed beetle, but feeds also on lamb's-quarters and on

one of the mallows (^Hibiscus militarist. It seems to be most abundant

in August and September, but its life history is unknown. In the single

instance of reported injury the attack was arrested by spraying with

Paris green.

The Pale-striped Flea-beetle.

Systena tccniata Melsh.

(ySystena blanda Say.

)

This is one of the most abundant and generally injurious of the

flea-beetles and infests an unusual variety of plants, most of them

abundant weeds. It is very destructive in

beet fields especially when unseasonable

weather prevents an early and rapid growth

of the plant. In 1899, for example, sugar-

beet planting was largely delayed in Illinois

until the middle or latter part of May. To-

wards the middle of June, when these later

plantings were very small, the adults of this

species were emerging in great numbers and,

concentrating on the young beets, com-

pletely destroyed many fields of this plant,

Fig. 39. The Pale-striped Flea- necessitating a second and sometimes a third
beetle, Systena twniata, adult.

planting. Ihe beetles commonly do not eat

quite through the leaf of the beet, but gnaw pit-like excavations on both

surfaces until young plants if severely infested blacken, shrivel up, and

disappear, whole fields being thus laid completely bare. If the plant

survives, the epidermis of the leaf opposite to the injury dries up and

breaks away, a small hole thus resulting. This injury was much great-

est, according to our observation, on beets following or adjoining clover

sod. The principal damage to beets by this insect was done the third



week in June, but some of the fields replanted June 25th were also de-

stroyed.

This species occurs throughout the northern part of the United

States east of the Rocky Mountains, from southern New England to

Georgia, and is also abundant in

the extreme southwest. It has

destroyed beets in New York,

New Jersey, Michigan, Indiana,

Illinois, Nebraska, and Colorado,

and has done serious local injury

to various other crops including

carrots, corn, fruit-grafts, toma-

toes, clover, potatoes, melons,

beans, strawberries, blackberries,

alfalfa, lettuce, parsnip, egg-plant,

summer savory, sweet-potatoes,

clover,and the cotton plant. Lint-

ner records it as an oak insect, and

it is destructive to a great variety

of weeds including ragweed, night-

shade, pigweed, cocklebur, plan-

tain, purslane, etc.

Its life history is imperfectly

known. All stages of the insect

have been found and described,

but the number of generations an-

nually has not been ascertained

with certainty, and the stage of

hibernation is somewhat in doubt.

In our own extensive collections

the imago of this insect has been

very abundant in June and July, especially in the former month, and

has gradually diminished in number until September, none appearing

later than September nor earlier than June. In many winter collections

made for the purpose of accumulating lists of hibernating insects

S. tceniata has not once occurred. Furthermore, larvae collected by us

from roots of corn in Champaign county. 111., May 17th had partly, but

not altogether, transformed to the adult on the 17th of June, the pupa
stage being likewise present at that time. Eggs have been laid, accord-

ing to Chittenden, from June loth to July Sth. We find, consequently,

at present no satisfactory evidence of more than one brood or of the

hibernation of the adult. From the facts now on record it would seem

most likely that larval hibernation is the rule; that the June and July

appearance of the beetles is due to the development of the adult at that

Fig. 40. The Pale-striped

Flea-beetle, Systena tceni-

ata: larva, top view,greatly

enlarged.

-;:/,

Fig. 41. The Pale-

striped Flea-beetle, Sys-

tena tcrniata: Iarva,side

view, greatly enlarged.



season; and that the midsummer eggs give origin to the larvae which

pass the winter in the earth. The food plants of the larvae are doubtless

very imperfectly known. Thus far the larva has been found feeding

only upon sprouting kernels of corn in the earth and the roots of lamb's-

quarters {^Chenopodium') and Stramonium (Jamestown weed). The facts

stated above with regard to the relation of this beetle in the beet field to

the growth of clover makes it seem likely that the larva may also infest

that plant.

The larva is a slender, stiff, sluggish insect, about an eighth of an

inch in length, yellowish white, and narrowing gradually from behind

forward. The sutures of the thorax form a peculiar X-mark, and the

anal segment tapers to a prolonged process with a crown of short spines

and four long spinose hairs at its apex.

" The egg is elliptical but somewhat inconstant in outline, about

two and a half times as long as wide, and opaque, light buff yellow in

color. The sculpture of the surface, as observed under a moderately

high power of microscope, appears to be granulated, but under a higher

lens it seems to be divided into very minute and rather ill-defined shal-

low concave hexagonal areas arranged in sevens inclosed in hexagons.

Length, 0.60 to 0.68 mm.; width, 0.25 to 0.27 mm."*

Longitarsus melanurus Melsh.

These minute brownish elongate

flea-beetles, only about a twelfth of an

inch in length, were found in small

number on sugar beets in Urbana in

October. Davis reports it as the com-

monest of the celery flea-beetles. It

occurs from the Dakotas and Canada

south to Kansas, Missouri, and North

Carolina. It hibernates as an adult,

and has been taken by us in that stage

from winter quarters November 15th

and March 2d. It has been most

abundant with us, however, in May,

June, and July. The immature stages and life history are unknown.

Fig. 42. Longitarsus melanurus. (Davis)

Glyptina brunnea Horn.

(PI. VII., Fig. 2.)

This minute brown species, slightly shorter than the preceding, was

found on sugar beets in Illinois in July and October, quite abundantly

in the latter month. Its known range includes Georgia, Louisiana, and

Texas, Illinois, and Wisconsin. Its life history is unknown.

Chittenden, in Bull. No. 23, N. S., U. S. Dept. Agr., Div. Ent., p. 24.
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The Cabbage Flea-beetle.

Phyllotreta vittata Fabr.

This minute insect, from a tenth to a twelfth of an inch in length,

black with two longitudinal yellowish stripes—narrower in the middle

and sometimes broken into four yellow

spots, is a destructive enemy to crucif-

erous plants, especially to cabbage,

turnips, and radishes. The worst in-

jury is done by the larvae, which live

upon the roots, but the leaves are often

very badly pitted or riddled by the

beetles. Beets are not injured, so far

as known, by this beetle to any serious

extent, although the adults occur upon

them occasionally in considerable num-

bers. The species hibernates as an

imago, occurring in our collections in

November, December, and March.

Plants are likely to be injured by them

in the latter part of May; larvae are produced late in May and June;

and beetles are developed from these in the latter part of August. The

species is doubtless single-brooded, at least in central Illinois.

Fig. 43. The Cabbage Flea-beetle, Phyllo-

treta vittata: a, larva; b, adult. (Riley, U.

S. Dept. of Agriculture).

Phyllotreta decipiens Horn.

This is an insect of the far West, inhabiting Washington and Ore-

gon, and reported injurious to beets, radishes, turnips, potatoes, etc.,

in the latter state. It has the general appearance of P. vittata, except

that its black color is varied only by a short indistinct yellowish line

on each wing-cover, this, indeed, being sometimes wanting.

Fig. 44. The Western

Cabbage Fie a- beetle,
Phyllotreta albionica,

(Riley. U. S. Dept. of

Agriculture.)

The Western Cabbage Flea-beetle.

Phyllotreta albionica Lee.

This species is common in Colorado, occupying

there the place of P. vittata in the Eastern States.

The adults are very small,—only about a fifteenth

of an inch in length,—black above, with a brassy

luster, and without longitudinal stripes. They are

reported by Bruner as injuring sugar beets in Ne-

braska; and by Gillette as infesting cauliflower and

other cruciferous plants and the bee-plant {Cleome

iniegrifolia). The immature stages and life history

are unknown.
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The Rhubarb Flea-beetle.

Psylliodes punctiilata Melsh.

This and the following species are about a twelfth of an inch in

length, of a bronzy luster, elongate-oval in form, and readily recognized

by the curious mode of attachment of the hind tarsi. P. punctulata

attacks beet, cucumber, and radish leaves. We have noticed it several

times on sugar beets in Illinois, but never in numbers to be seriously-

injurious. Its favorite food is apparently the rhubarb leaf, in which it

burrows small superficial pits about a tenth of an inch in diameter. It

is apparently single-brooded, the hibernating beetles appearing in May
and disappearing in June. The larvae are said to bore the stems of

succulent plants, but their depredations have attracted no special atten-

tion. This species ranges from Canada to New Jersey, and westward

to the Pacific coast.

Psylliodes co7ivexior Lee.

The range of this species is more southerly than that of the preced-

ing, extending from the Pacific coast to Florida and the District of

Columbia. Like P. punctulata it is somewhat elongate-oval, about a

twelfth of an inch in length, with a bronzy luster, but broader and more
convex than the preceding species. The beetles are said to be very

abundant and injurious to beets in parts of Nebraska. They are re-

corded as injuring corn in Indiana, eating pits in the leaves and not
perforating them, and also as feeding on panic-grass.

The European Beet-tortoise-beetle.

Casslda nebulosa Linn.

This is a European beet insect of considerable importance which

has lately made its appearance in California as an entomological rarity.

If it should maintain itself in this country it is likely to require the at-

tention of beet growers, who should consequently be forewarned against

it. Its principal European food is lamb's-quarters {Chenopodium albuni)

and other plants of the Clienopodium family, but in the absence of these

it turns its attentions to beets, sometimes devastating large areas by eat-

ing out the parenchyma of the leaf, leaving only the principal veins.

In this country it is said to feed on morning-glories, sweet-potatoes,

and Irish potatoes.

This species hibernates as an imago, and lays its eggs, in groups of

several, in large numbers on the under side of the leaves. The larvae,

—

which feed in groups of three or four on the under side of the leaves,

riddling them with small holes,—are oval, flat, and spinose, light green

with white markings, and with two long tails turned over the back and
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supporting a protecting shield composed of cast skins and excrement.

The pupa is similar in appearance, but lacks the elongate tails, and is

attached to the under side of the leaf. The beetles are turtle-shape,

pale rusty brown with dark mottlings. They feed on the upper side of

the leaves, gnawing the surface but not eating through the leaf. There

are two broods of beetles in a year, one appearing in August and the

other in the fall. This beetle is little likely to injure beets if its usual

food plants are suppressed in the field.

The Grape-vine Colaspis.

Colaspis brunnea Fabr.

(PI. IX., Fig. I.)

This common beetle, ranging from Nebraska to the Atlantic States

and Canada, has frequently been taken on the sugar beet in Nebraska

and Illinois. It is a very general feeder in the beetle stage, injuring

grape, strawberry, beans, buckwheat, corn-silk, clover, willow blossoms,

and the leaves and blossoms of many other plants. It is said to begin

its injury by making a small round hole, which it enlarges until, perhaps,

the entire leaf is eaten. The larva—a whitish cylindrical grub an eighth

of an inch in length and with a yellowish brown head—has been found

feeding upon the roots of timothy and Indian corn in central Illinois,

and is also widely known as a strawberry root-worm. It appears to be

primarily a grass-root insect in the larval stage, attacking other crops

when these are substituted for grass on infested land. It lives as a

beetle during the summer months, ranging in our collections from June

22d to September 14th, but being most

abundant in July and August. We have not

found it at all in winter even in strawberry

beds where it had been previously abundant.

The eggs are doubtless laid in summer and

fall, and the time at which injury to corn

begins indicates the presence of the larvae in

the ground quite early in May. The species

is evidently single-brooded, and probably

hibernates as a larva partly grown. J M

The Southern Corn Root Worm.

Diabrotica 12-punctaia Oliv.

This notorious pest includes the sugar

beet in its large dietary, which contains also

leaves, silk and pollen, and unripe kernels of Fig. 45. The Southern Com Root

corn; unripe grains of wheat; petals of various ^°'''"' ^'^^^"'''^'^ 12-punciata. adult.
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garden flowers; the leaves of small grain, fruit-trees, garden vegetables,

and of some weeds; and, lastly, certain molds. The beetles are common

on sugar beets throughout the season, and have frequently been found

gnawing away the surface or making irregular holes in beet leaves in

Illinois, Nebraska, and Oregon. The larvse are subterranean, living on

the roots of corn, but especially also on those of coarse sedges of the

genera Scirpus and Cyperus.

The life history of this insect is in confusion. The beetle appears in

early spring, increases in apparent numbers with the advancing season,

becoming most abundant in August, and continues in gradually diminish-

ing numbers until October or November. The data, published and un-

published, in our possession, are insufficient to separate the succession

into distinct broods.

The Striped Cucumber Beetle.

Diabrotica vittata Fabr.

This well-known melon and cucumber pest feeds when in the beetle

stage on a large variety of plants, among which, according to observa-

tions made in the beet fields of Nebraska and Oregon, the sugar beet is

Fig. 46. The Striped Cucumber Beetle, Diabrotica

vittata: a, adult; b, larva; c, pupa; d, last segment of

larva. (Chittenden, U. S. Dept. of Agriculture.)

Fig. 47. The Striped Cucumber Beetle,

Diabrotica vittata: a, top view of head

and prothora.\ of larva; b, leg of same.

(Chittenden, U. S. Dept. of Agriculture.)

to be included. It is, like the preceding species, subterranean as a

larva, feeding in that stage upon the roots of cucumbers, squashes,

melonS) and other plants of the cucumber family. The adults feed not

only on these plants but also on beans, peas, and ripe apples; on the

leaves, silk, pollen, and unripe kernels of corn; on the blossoms of

fruit-, and other, trees; and on the sunflower, the goldenrod, and other

Compositct. We have found them eating the blossoms and riddling the
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leaves of the horse-chestnut in early spring. The species winters in the

beetle stage, coming out from its hibernation quarters in April or May,
and attacking its favorite food plants even before

they appear above ground. The beetles of the

following brood begin to appear about the second

week of July and continue abundant until October.

The details of the life history are not clearly

known and the number of generations annually

has not been definitely determined.

Fig. 48. The Striped Cu-

cumber Beetle, Diabrotica

vittata: a, egg; b, portion of

its surface greatly enlarged.

(Chittenden, U. S. Dept. of

Agriculture.)

The Northern Corn Root Worm.

Diabrotica longicornis Say.

The grass-green adult beetle of this species is more or less abundant

according to the kind of agriculture prevalent, as it breeds, so far as

known, only in fields of Indian

corn, and becomes numerous

there only where the same land is

planted to corn for several suc-

cessive years. It is abroad as a

beetle during the late summer
and fall, and dies before winter,

leaving eggs in the corn field to

hatch the following spring. It

lives upon a considerable variety

of the softer and more succulent

vegetable tissues of the latter part

of the season. Although it has

never been known to eat beet

leaves it is frequently seen upon

them, especially in the vicinity of

corn fields, and the fact that in

Nebraska it has sometimes riddled the leaves of radishes and turnips

makes it seem likely that a closer observation of it in the beet field

would show an occasional similar injury there.

Fig. 49. The Northern Corn Root Worm, Dia-
brotica longicornis, adult.

The French Bugs.

Monoxia puncticollis Say.

Monoxia conspuia Lee. (J/, guttulaia Lee).

Monoxia puncticollis has seriously injured the beet crop in New
Mexico. It inhabits seacoasts and inland salty places, occurring.along

the Atlantic coast, in Texas, and in California, and inland in the south-

western United States as far as Colorado. The larva feeds on the sea-
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blite (^Siueda linearis'). A New M.exico correspondent of the U. S. De-

partment of Agriculture, Division of Entomology, * says the beetles lay

their eggs on the under side of the sugar beet, these hatching in about

six days. The larv?e feed on the beet leaf. Hundreds occurred on a

single plant, causing it to shrivel and die. After about nine or ten

days, they enter the earth, change to pup?e, and a few days later the

beetles appear.

Afanoxia consputa injures sugar beets to a serious extent in the

West. It ranges from Arizona and California northward to the Dakotas

and the northwestern United States. It is quite common on the Pacific

coast, and seems to be the most troublesome beet pest in Oregon.

These beetles eat small holes in the leaf, sometimes leaving only a net-

work of veins, checking the growth of the beet plants, or killing them

entirely. An application that was successful in killing these and other

leaf-feeding insects was composed of half a pound of Paris green and

three pounds of whale-oil soap in fifty gallons of water. The whale-oil

soap was probably necessary to make the spray adhere to the plants.

GRASSHOPPERS.

Acrididce and Loctistida.

Notwithstanding the abundance of grasshoppers everywhere in beet

fields, and the considerable list of species occurring there, their injuries

to beets are not usually serious but are mainly confined to fields adjacent

to grass lands in which grasshoppers have bred in extraordinary num-

bers. An instance of injury under these conditions came to our notice

in July, 1899. One of the fields of the Illinois Sugar Refining Company,

near Pekin, 111., was considerably injured at this time by the common
red-legged grasshopper (^Pezotettix feniur-rubrum—Fig. 55), which ate

large irregular holes in the leaves, or cut broad deep notches out of

their edges, leaving only the larger veins to hold the leaves together.

The two families commonly confused under the general name of

" grasshopper " may be easily distinguished by their antennae. Those of

the meadow grasshopper (^Locustidce) are many-jointed, slender, and

much longer than the body (Fig. 57, 59) and those of the Acrididce

(often called locusts by entomologists) are much shorter than the body

and comparatively thick (Fig. 50—56). The female of the Locustidoi

(Fig. 57) has projecting backward from the tip of the abdomen a com-

pressed sword-shaped organ which is used for placing the egg in or

about plants, while the female of the Acridida; has at the end of the

abdomen four stout blunt structures with curved tips which, brought

together on the middle line, form a thick conical tip to the body, used

in forcing the abdomen into the earth for the deposit of the t^g mass.

Bull. No. 18, N. S., p. 95.
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The young of both families differ from adults principally in the absence

of developed wings.

A few of our grasshoppers hatch in fall and become full grown in

spring. Most of them, including all those really injurious to beets, pass

the winter in the egg, and, hatching in the spring, undergo their succes-

sive molts during the summer, and reach the winged stage in the latter

part of the summer and early fall. Most of these summer species con-

tinue to feed until cold weather closes their career.

As a general rule, whenever grasshoppers are destructively abun-

dant one year they are present for some years following in insignificant

numbers only, a fact explained by the numbers and powers of reproduc-

tion of their parasites and other enemies. Late in the season adults are

often seen with small, bright red, egg-like bodies attached at the bases

of the wings, and sometimes elsewhere on the body. These are para-

sitic mites, which, like ticks, suck the blood of their insect host in the

fall, and, in the following spring, after undergoing a striking metamor-

phosis, devour the egg masses of the grasshoppers in the ground. Long

thread-like, milk-white hairworms {Me?-mis) are often found in the abdo-

mens of grasshoppers, living there as internal parasites, and escaping

after maturity to enter the earth, where they pass the winter, pair, and

produce myriads of eggs the following spring. The young from these

infest the grasshoppers of the year and assist greatly in the reduction

of any excess of numbers. Larvge of a Tachina fly often occur within

the body when grasshoppers are very numerous, and every specimen so

infested perishes before reproducing. Deadly fungus parasites also infest

and kill them, and larvre of the common blister-beetles devour their

eggs in the earth.

If injuries by grasshoppers reach a stage or threaten a result

which calls for treatment in the beet field their numbers may best be

reduced by poisons mixed with bran mash. For this purpose stir thor-

oughly five pounds of arsenic into half a barrel of bran (or in this ratio

for smaller quantities), dissolve in a pail of water an amount of sugar

equal in weight to the arsenic, and stir the sweetened water into the

bran, adding more water, as necessary, until a good mash is made.

This should then be distributed in handfuls to the part of the field in-

fested by grasshoppers, which will prefer it to the beet itself, for which,

indeed, they have no very eager appetite. Injuries by invasion from

without should, however, be prevented when practicable by watching

adjacent grass lands, and, if grasshoppers appear on them in unusual

numbers, by using the so-called " hopperdozer " for their destruction,

according to methods frequently published and generally well known.

Spring plowing of grass-lands and their subsequent treatment with the

disc harrow will effectually destroy the eggs in the earth.

The common short-horned grasshoppers {^A crididcB) are thicker
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and heavier, and are armed with a thicker crust than the Locustidce, or

slender-horned group. The former are usually neutral blackish brown

or gray in general color. Some of them have pointed foreheads, the

face slanting downwards and backwards. The yellow grasshopper

(^Stenobothriis curtipentiis') is an example of this form (Fig. 50). The
others have rounded foreheads, with the faces nearly vertical. Among
these are two well-marked groups. In one there is a distinct slender

conical spine midway between the fore-legs on the under side; in the

other there is little or no trace of this spine. The black-winged grass-

hopper {Dissosteira Carolina, Fig. 51), known by its black under wings

broadly bordered with yellowish, is the only one of the group without

the spine which we have noticed frequently in Illinois beet fields. There

are other common Illinois species of this group, however, which may
yet be found to feed on beets.

Of the remaining genera, those possessing the prothoracic spine,

only Schistocerca, Campylacantha, and Melanoplus have been reported

from beet fields. Schistocerca contains very large species, some of

which are common in central and southern Illinois, but the species

{^S. alutacea—Fig 52) known to be injurious to the beet is not often

seen in Illinois. It is a brownish yellow species with a pale stripe down
the middle of the back, usually much blotched with red on the fore

wings and abdomen, and with a closely placed row of red or blackish

points along the hinder edge of each abdominal segment, above. Cam-

pylacantha olivacea, a species with rudimentary wings, is found from

Nebraska to Texas. The genus Melanoplus contains our commonest

grasshoppers. There are five well known species on our list of those

infesting the beet, two larger ones {bivittatus and differentialis'), about a

quarter of an inch through at the base of the fore wings,—which latter

are not evidently dotted with small spots,—and three smaller ones, about

an eighth of an inch thick, with the fore wings sprinkled with reddish

or blackish dots, at least along the middle. The two-striped grasshop-

per {^Melanoplus bivittatus—Fig. 54) has a yellowish line on each side

of the back along the angle between the upper and lateral surfaces when
the wings are closed. The olive grasshopper (J/, differentialis—Fig. 53),

a very common Illinois species, is a heavy species of a nearly uniform

dark olive color. Melanoplus femur-rubrum (Y\g. 55), the abundant

"red-legged grasshopper" of the beet fields, and everywhere else in

Illinois, has the shortest wings of the three smaller species, these reach-

ing when closed little beyond the tip of the body; and if the tip of the

male abdomen be carefully viewed from behind, it will show a nearly

straight upper edge. In the other two small species, the closed wings

reach considerably beyond the tip of the body, and the tip of the male

abdomen is distinctly notched above. One of these is M. spretus

(Fig. 56), the Rocky Mountain grasshopper, which has never invaded
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Illinois; the other is a moderately common Illinois species, M. atlanis.

The meadow grasshoppers are distinguished from the other long-

horned green grasshoppers comprising the family Locustidce by the point

of the forehead ending in a narrow but very blunt and somewhat wart-

like protuberance between the bases of the antennae. They belong to

two genera, Orchelimu?n and XipJiidinm, corresponding somewhat in

size and variety to the two groups of larger and smaller species of the

genus Melanoplus. These also have a spine between the bases of the

fore legs. In Orchelimurn, this is quite short and the sword-shaped ovi-

positor of the female is rather broad and noticeably curved (Fig. 57).

In the smaller species, those belonging to Xiphidium, the spine is long

and slender, and the ovipositor is straight or very little curved. The

two species of Xiphidium on our list are short winged. They may be

separated as follows: In X. feinorale the wings cover about half the

length of the abdomen in the female, and two-thirds of it in the male; the

ovipositor is much shorter than the body and a little curved throughout;

and the terminal points of the male abdomen are straight and usually

parallel. X. strictum has very short wings, less than half the length of

the abdomen, while the ovipositor is very long, exceeding the length of

the body. The terminal points of the male,curve slightly inwards.

The Yellow Grasshopper.

Stenobothrus curiipejinis Harr.

This trim little species, yellowish olive above and

yellow beneath, has short narrow wings and yellowish

hind legs with black knees. It is quite common
throughout Illinois and has been reported among the

more numerous species on sugar beets in Iowa. Al-

though wintering as an egg, it matures at an unusually

early date the following year, adults having been taken

as early as June 23d. It becomes common in July, and

continues until October.

The Black-winged Grasshopper.

Dissosteira Carolina Linn.

This is a rather large species, very common through-

out Illinois, found by Bruner eating leaves of the sugar

beet in July. Its mottled brown color, varying to yel-

lowish or gray, often with obscure cross bands on the GrasTho°pper, ^/^^T
wings, makes it inconspicuous when at rest, but it is bothrus curupennis.

distinguishable at once in flight by its black hind wings "^^*''-

strongly bordered with yellow. The median dorsal ridge extending
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Fig. 51. The Black-winged Grasshopper, Dissosteira

Carolina. (Lugger.)

backward from the head is dis-

tinct and sharp, while in our

other common species from

the beet there is little trace of

such a ridge.

This grasshopper matures

early, having been taken from

June 25th until fall. It pairs

early in August and deposits

eggs in August and September.

Trimerotropis latifasciata

Scudd.

This species has been sev-

eral times reported as injurious

to the sugar beet in western

Nebraska, but is not found in

Illinois.

Spharagemon ceqtiale Scudd.

This is a widespread insect in Nebraska, where it is reported as

feeding upon the sugar beet, but not in numbers to make it especially

injurious. It is not known to occur in Illinois.

Schistocerca aliitacea Harr.

{Acridium alutaceuni Harr., and A. eniargifiatum Uhl.)

This species is generally rare in

Illinois, becoming more common
westward. It is mentioned by Os-

born among the grasshoppers most

numerous on sugar beets in Iowa.

It is found from July to October.

The Lubber Grasshopper.

Melanoplus differentialis Thos.

This is a very common and

widely distributed grasshopper, its

normal range extending from the

Pacific to Indiana, and south to

Mexico. Its uniform dark olive

color and large size, taken in con-

nection with its distinctive features

mentioned above, will readily serve

to identify it. Next to the red-

legged species it is our most injuri- Pi^. 5,. schistocerca alutacea. (Lugger.)
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ous grasshopper. It lays its eggs in damp shady ground during the

latter part of the afternoon. As many as one hundred and seventy-one

eggs have been count-

ed in a single mass.

Sometimes only one

such cluster is laid by

a single female, but

two or even three may
be deDOSited at inter- Fig. 53. Thehuhhei Grasshopper, Meltmo^lusd/^ereniiah's.

vals. The adult stage is reached about the first of August, and the eggs

are laid from the middle of August to October.

The Two-striped Grasshopper.

Melanophis bivittatus Say.

This speciesjcommon in Illinois,is confined mainly to the Mississippi

Valley, not occurring on the

Atlantic or Pacific slopes or in

the extreme northwest. It

may be recognized at once

by the yellowish dorsal stripes

on each side of the middle,

along the angle between the

back and side. It has attacked

beets in low grounds or beside

rank growths of grass or clover, but has never been seriously injurious

to that crop.

The eggs are placed in any compact soil, such as old roads, closely-

cropped pastures, and prairie sod. Adults usually begin to appear

about July ist. Eggs are apparently laid in September, and have been

observed to hatch in March.

Fig. 54, The Two-striped Grasshopper, Melanophis

bivittatus. (Riley, U. S. Dept. of Agriculture.)

The Common Red-legged Grasshopper.

Melanophis femur-rubrum DeG.

This is the commonest Illinois grasshopper, and the most abundant

of its kind in fields of beets. It closely resembles the western destructive

grasshopper {Melanoplus spreius'), and

also another species of the genus

{atlanis^ which occurs in Illinois but

which is much less generally known
than the other two. The native home
of the destructive western grasshopper,

or Rocky Mountain locust, is the

mountain country of the Rocky Mountain system; ailafiis breeds mainly

Fig. 55. The Common Red-legged Grass-

hopper, Mela noplnsyemur-rul'r Jill!

.
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in the lesser mountains and hills of the eastern part of the country;

while the present species prefers relatively low and level territory, being

also most at home in the eastern part of the United States. The destruc-

tive spretus never reaches Illinois; the long-winged atlanis is common
in the hilly region of the southern end of this state; while the shorter-

winged, red-legged species is abundant everywhere. It does not tend to

migrate in large swarms like both the others, although when very abun-

dant locally, flights to short distances are sometimes made in numbers

to suggest the flying swarms of the western locust. A single female red-

legged grasshopper may lay approximately one hundred eggs in three or

four separate masses, deposited in the ground usually in grass-lands and

in the firmer parts of fields, such as paths and roadways and trampled

spots in pastures.

This species is single-brooded. Most of the eggs hatch in May,

and the young feed and grow through June and July, getting wings about

seventy days after hatching. Occasional adults may appear as early as

the latter part of June, but the great part of the generation matures in

August, and from this time on the perfect insects are most abundant.

They continue their depredations until arrested by the approach of winter.

Melanoplus atlanis Riley.

This species, inhabits especially the Eastern States, and seems to

prefer hilly and wooded country. It is much like the western destruc-

tive grasshopper in structure and habits, and in its tendency to migrate

when very numerous. It is at times very destructive, especially in New
England. It is common in the hilly region of southern Illinois, and is

taken at times in other parts of the state. It lays from two to four egg

masses and its period of development is about eighty days. The adults

are nearly a month earlier

in their appearance than

those of the red-legged

species, being common-
est in July and August.

The Rocky Mountain
Grasshopper,

Melanoplus spretus Thos.

This, the most de-

structive American spe-

cies, is so thoroughly well

known throughout the re-

gion infested by it that its

special treatment here is

uncalled for, particularly as it does not occur in Illinois..

Fig. 56. The Rocky Mountain Grasshopper, Melanoplus

spretus: a, a, a, females ovipositing; b, egg pod removed from

ground, with end broken open, showing eggs; c, eggs; d, e, egg

masses in the ground;/", egg mass completed and covered up.
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Campylacantha olivacea Scudd.

{Fezotettix olivaceus Bruner.)

This species ranges from Nebraska to Texas, but does not occur in

Illinois. It is reported as rare in eastern and middle Nebraska, but it

is occasionally found there in beet fields, and also feeding on sunflower

(^Helianthus) and lamb's-quarters.

The Larger Meadow Grasshopper.

Orchelimum vulgare Harr.

This is one of the long-horned species (^Locustidcc), the commonest

of its genus in Illinois. By means of its sword-like overpositor it lays

Fig. 57. The Larger Meadow Grasshopper,

Orchelimutn vulgare, female. (Lugger.)

Fig. 59. The Larger Meadow Grasshopper,

Orchelitnum vulgare, male. (Lugger.)

Fig. 58. Th^ Larger Meadow Grass-

hopper, Orchelimum vulgare ; eggs in

stem of corn tassel, with single egg in

outline.

its eggs in the pith of a great variety of soft plants, from one to several

in a place according to the size of the stem. The clusters are placed at

intervals of about an inch in a single row which usually takes a slightly

spiral direction along the stem. The cuticle is torn up with the jaws

before the e^gs are inserted, a row of roughened fibrous spots thus

marking the location of the eggs. These are especially common in

corn stalks just below the tassel, or in stalks of weeds, elder twigs, and

the like. They are usually laid in the first half of September, but hatch

somewhat late in the following season. The young are most abundant

in July and August, and adults begin to appear by the end of July. This

species seems to prefer upland localities, especially fields of clover and

timothy. It has been often seen by us on beets.
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The Smaller Meadow Grasshoppers.

Xiphidiuni.

Specimens of Xiphidimn neino7-ale Scudd. were taken on sugar beets

in Urbana in October, 1898, and those of X. stricttwi Scudd. were found

feeding on beets July 26th and August 19th, young at the former dates

and adults at the latter.

OTHER LEAF-EATING BEETLES.*

Clivina impressifrons Lee.

This little ground-beetle about a quarter

of an inch long, recognizable by the accom-

panying figure, (Fig. 60), may receive mere

mention as a beet insect, having been once

seen by us in small numbers enlarging a small

excavation on the petiole of a beet leaf. The

same species had previously been seen bur-

rowing freely into seed corn in the ground.

The Beet Carrion-beetle.

supha opaca Linn.

This insect, a member of a genus, and

indeed of a family, nearly all of which feed

upon decayed animal matter, is itself a vege-

tarian, and has become noted in Europe as

perhaps the worst insect pest of the beet field.

It was brought into America at least twenty

years ago, but is still quite uncommon in

the United States. It was re-

ported by Dr. Horn from Cali-

fornia in 1880, and in 1891

Prof. Bruner found it several

times in the beet fields of Ne-

braska. In 1893 he reported

again that it had been several

times taken in Nebraska feeding

upon beet leaves. In England,

France, and Austria large num-

bers of the larvse of this species

appear in the early part of the

season in the beet field eating away the parenchyma of the leaf, usually

*The flea-beetles and a few other beetles doing a similar injury to the beet have already been

treated on pp. 112-128.

Fig. 60. Clivina itiipressi/rons.

Fig. 61. The Beet Carrion-beetle, Silpha opaca:

I, 2, young larva; feeding on beet leaf; 3, 4, larva;; 5,

adult beetle in flight; 6, adult at rest. (From publishers

of Curtis's "Farm Insects.")
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at night, and leaving only the skeleton of the veins or wholly destroying

the young leaves as fast as they appear. The adult insect is black, with

nearly parallel sides, the body flat and thin, about three-fourths of an

inch in length, with more or less marked parallel ridges on the wing-

covers. The scaly looking larvae taper from before backwards and have

something the appearance of the well known sow-bugs or cellar bugs

(^Oniscidce). The beetles hibernate, and lay their eggs in June, and

these hatch in about five days thereafter—in England and France about

July xst. The young mature within a fortnight. In about a month
from the time the eggs were deposited the adult beetles emerge.

Silpha bititberosa Lee.

This American species, our nearest ally to the beet carrion-beetle

of Europe, is a western and northern species, ranging from the British

Northwest Territory as far south as Kansas. In British America the

larvae were seen by Mr. Fletcher in 1893 feeding on a variety of weeds,

particularly upon those belonging to the Chenopodium family, and also

on squash and pumpkin vines. In breeding-cages they ate freely of the

leaves of beet and lamb's-quarters, feeding by night and hiding by day.

The larvae are black and shining, half to three-quarters of an inch

long and a fifth of an inch wide, convex above, flattened below, and

tapering towards each end. The beetle is dull black, with dusky hairs

on the thorax, of oval outline, broader than ^S. opaca, which is a com-

paratively elongate species. Fletcher found the larvae living in his breed-

ing-cages from June 5th to July 12th, and adults emerging from July 6th

to 24th. Although this species has not yet been known to injure beet

plants in the field, the foregoing facts make it an object of interest to

economic entomologists engaged in the study of insect injuries to the

beet.

BLISTER-BEETLES.

Meloidce.

This family of insects, readily distinguishable by their elongate-

cylindrical bodies, comparatively soft wing-covers, small thorax, and

rounded head attached to the thorax by a comparatively slender neck,

receive their common name from the fact that when crushed or roughly

handled they cause a blister on the skin due to an irritant oil secreted

by the beetle. They are best known to ordinary agriculture by their

injuries to the tomato and potato, especially to the latter. Previous to

the advent of the hard-shelled, thick-bodied Colorado potato-beetle these

blister-beetles were the principal insect enemy of the potato, and are

frequently referred to now as the "old-fashioned potato-beetle.'' There

are several American species of this family, some striped with black
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and yellow, others black or gray, and still others uniformly colored with

metallic blue, green, or coppery. They move commonly in companies,

devouring their food plants as they go. Their injuries to vegetation

are confined to the beetle stage, the food habits of the larvge being very

different from those of the beetle. The young of some species are para-

sites on bees and eat their eggs and honey, but most of them are bene-

ficial as larvse, feeding on the egg masses of the grasshoppers buried in

the ground. They hatch from eggs laid by the female blister-beetle in

small cavities burrowed in the loose ground among grasshopper eggs.

Most of them pass the winter in the larval stage, coming out as adult

beetles the following summer.

In the beet field these insects may either be poisoned with arsenical

applications, killed by knocking them off into water covered with a film

of kerosene, or driven out of the field by threshing the infested plants

with brush or wisps of straw. Curiously, if the commonest species are

subjected to this last treatment they are not likely to return. On ac-

count of the beneficial habits of their larvse it is best, as a rule, not to

destroy the beetles unless really necessary to preserve the crop. Indeed

they are commonly abundant only when grasshoppers have themselves

become abundant enough to do considerable harm, the blister-beetle

then largely contributing to the suppression of the grasshopper out-

break,

A pound of Paris green or London purple stirred up with an equal

weight of lime in two hundred gallons of water has been found sufficient

to destroy the beetles without injury to the leaf, at an expense for the

insectfcide of only two cents per acre. With an ordinary hand force-

pump working in a barrel on a cart, the cost of treatment was about a

dollar an acre, but with a specially constructed sprayer carrying a num-

ber of nozzles, one for each row, Osborn thought that the expense

could be reduced one half.

Megetra vittata is a black western species with very large exposed

abdomen and a short pair of strongly diverging wing-covers bearing fine

reddish markings. Alacrobasis unicolor (Fig. 62) is uniform ashy gray,

sometimes darker. The gray specimens are almost indistinguishable by

the naked eye from the less common Epicauta cinerea, and the dark ones

might be confused with E. petinsylvanica, but they differ clearly from

both of these in the larger relative size of the second joint of the anten-

nse. Epicauta viaciilata (Fig. d-i^^ is a western species, gray, finely dot-

ted with black. E. vittata (Fig. 64) is the common yellow and black

striped species, with either four or six black stripes above. E. cinerea

is uniform gray, distinguished from our common M. imicolor as already

stated; E. marginata (Fig. 65), common in Illinois, is black above

with a narrow gray edge all around each wing-cover, except at base.

E. pennsylvanica (Fig. 66), very common in Illinois, is solid black
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throughout. Cantharis nuttalli (Fig. 67) has brilliant metallic colors

—

coppery, green, or blue. Like E. maculata it is a western species.

Megetra vittata Lee.

This insect is reported by Cockerell to injure sugar beets in New
Mexico and also in Arizona, and is probably in the larval stage a bee

parasite and honey eater.

The Common Gray Blister-beetle.

Macrobasis unicolor Kirby.

This beetle, although common in Illinois, has not yet been found

by us in the beet field, but in Nebraska it is

reported as injurious to the sugar beet. It in-

habits the entire western United States and is

especially destructive to plants of the bean

family, including beans, peas, clover, black

locust, honey-locust, wild indigo, lupines, and

Astragalus. It also seriously damages the

potato and is known to injure tomatoes and

sweet-potatoes and to eat the leaves of the

cherry, anemone, and chrysanthemum. In the

latitude of central Illinois the beetles have

been found from May 19th to October. They

are most abundant about the middle of June,

and are actively injurious for a month or more.

Specimens collected June 13th soon laid their

eggs abundantly, the female burrowing into the

earth for this purpose, sometimes as much as two

inches, and depositing a batch of sixty to one hun-

dred and twenty eggs irregularly stuck together.

The Spotted Blister-beetle.

Epicauta rnaci/lata Say.

This abundant western species, ranging from

New Mexico to Dakota and west to California

and Oregon, is reported as decidedly injurious to

beets in Kansas, Nebraska, and South Dakota.

It is especially fond of lamb's-quarters and other

weeds of the Chenopodiiim family, and also feeds

upon the potato, clover, and greasewood.

Fig. 62. The Common Gray

Blister-beetle, Macrobasis uni-

color, adult. (Bruner.)

Fig. 63. The Spotted
Blister-beetle, Epicauta
maculata. (Bruner.)
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The Striped Blister-beetle.

Epicatita vittata Fabr., and var. lemniscata Fabr.*

This is the common striped blister-beetle of

Illinois, the one most generally known as a potato

beetle. The variety may be distinguished by the

fact that it has six black stripes on the back

instead of four. It is distributed throughout the

United States from Florida to Canada, and west

to the Rocky Mountains. It is a well-known

destroyer of the potato and tomato, and feeds

frequently with injurious effect on leaves of the

sugar beet. It scatters more widely in feeding

than the black species does, and is consequently

less injurious to individual plants attacked. It

devours also buckwheat, carrots, corn, some of
Fig. 64. The Striped Blister

beetle, Epicauta vittata. the leguminous plants, cabbage, the arrowleaf
(Bruner.) {Sagittaria) , clematis, and the common pigweed

{Amaranius). The adults occur from June ist to the first part of Sep-

tember, most abundantly in the latter half of July and in August. Dr.

Riley found them at St. Louis in October, and a second brood more

or less complete may occur in the South. With us, however, the species

is apparently single-brooded, the female laying four or five hundred

eggs, about one hundred and thirty at a time.

The Ash-colored Blister-beetle.

Epicauta cinerea Forst.

This species, extremely like the gray blister-beetle, with which it

has evidently often been confused, appears to be most abundant west-

ward, principally in Nebraska and adjacent states. It occurs, however,

in small numbers in Illinois and probably farther east. It is quite

destructive to plants of the bean family in Nebraska, and almost de-

stroyed a small beet field near Lincoln in that state. It often completely

defoliates the hornbeam, honey-locust, and black locust trees. It has

been taken sparingly in July and August in both northern and southern

Illinois, most commonly on the Virginia creeper.

*This form is so generally found pairing with typical zu'ttata, that there can be no doubt of their

specific identity.
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Fig. 65. The JNIargined Blister-beetle, Epicanta

tnarginata, adult.

The Margined Blister-beetle.

Epicaiita inarginaia Fabr. i^E. cinerea marginata Horn).

This blister-beetle, very com-

mon in Illinois, is easily distin-

guished by its general black color,

except that the wing-covers are

edged with gray. It is quite in-

jurious to beets in Illinois and In-

diana, but not especially so in Ne-

braska. It has done serious injury

to beans, tomatoes, potatoes and

other vegetables, and to asters and

other flowers. Among wild plants

it feeds upon pigweed, ground-

cherry (/'//j.ya/w) and wild sunflower

{Helianthus). We have taken the

beetles from the latter part of June

till October, most abundantly from

about the middle of July until after

the middle of August. Two broods

of the beetles are said to have been observed in Indiana.

The Black Blister-beetle.

Epicaiita petinsyivanica DeG.

This is probably our most destructive blister-beetle both to beets

and to other crops, owing especially to its great numbers and its gre-

garious feeding habits. It seems to be very com-

mon throughout the country from Massachusetts I J

to Utah. It is found in Texas, and in Kentucky /^f^^^^X'
is said to have destroyed an acre of beets in two

days. It is one of the most destructive of beet

insects in Nebraska, and has been reported to

us from Minnesota beet fields, and is known to

have destroyed a beet crop in some part of New
York. It feeds upon a variety of plants including

potatoes, beans, carrots, cabbages, the leaves and

silks of corn, honey-locust, passion-flowers, garden

pinks, and pigweed, and, especially in fall, upon „ ^^ „. „, , „,.^ ' r o 7 J r- J 'I Pig gg The Black Blister-

flowers of the goldenrod, rosin-weed {Silphiiim), he.f.x.\c, Ej>icautci pennsykum-

mustard, etc. The adults appear from June to
'"^- l^"'""*'')

October. The period of its greatest abundance is during August and
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September—about a month later than that of the other species.

Kentucky outbreak referred to above occurred late in July.

The

Fig. 67. Nuttall's Blister-

beetle, Cant harts nuttalli.

(Chittenden, U. S. Dept. of

Agriculture.)

Nuttall's Bllster-beetle.

Cantharis nuttalli Say.

This beautiful western species, shining

green and red or purple, is distributed from the

Mississippi to the Rocky Mountains, being es-

pecially abundant northwestward into British

America. The larvae probably feed on the eggs

of the Rocky Mountain grasshopper, as the

beetles seem to increase in numbers after "grass-

hopper years. " When abundant they ravenously

devour the tender parts of garden vegetables,

including beets, beans being perhaps injured

worst. The adults appear about July ist and

in some localities continue in destructive num-
bers into the fall. For this species destruction

by mechanical means is evidently to be pre-

ferred to insecticide measures.

SNOUT-BEETLES.

Rhyfichopliora.

The beetles of this family are distinguished by the character of the

head, which is drawn out in front into a more or less evident beak or

snout, sometimes short and broad, sometimes very long and slender, but

always attached to the head without a joint, and bearing the mouth and the

jaws at its tip. The larvse of this family are white, thick grubs, without legs

and usually with brown heads, which live in the roots, stems, and fruits

of plants, within which the eggs are deposited.by the female beetle.

The adults often injure plants by feeding on the leaves, stems,

flowers, and fruit. Those with short snouts simply devour the leaves or

stems from without, and those with longer snouts puncture the stem or

some other thick and succulent part of the plant and devour the soft sub-

stance within. In this manner beets are injured, the leaves being eaten

by some species, and the leaf stems punctured and gouged by others. So

far as known to us, the larvse of the snout-beetles do not appear in the

beet root, although Lintner makes a statement to that effect.

In eastern Europe serious injury is often done to beets by beetles

of this family, but in America they have rarely been abundant enough
in the beet field to do any considerable harm. The beetles are sluggish

and most of them feign death when disturbed, falling to the ground and
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lying motionless there. They are thus easily captured by hand, or they

may be reached by the usual arsenical insecticide applications to the

beet plant.

Seven species of American snout-beetles are known to feed upon

the beet leaf, four of them black or gray with broad short snouts, and

three minute black or gray beetles with long slender snouts. Tanymecus

confertus is about as large as the cucumber beetle and one fourth of an

inch long. It is gray, mottled and speckled with brown, and washed

with yellowish, especially on the subcylindrical head and thorax.

Mpiccerus imbricatus (Fig. 68) is also blackish gray with oblique pale-

gray bands upon the back. It is three-eighths of an inch long, plump
and rounded, and much heaviest behind. Two species of Otiorhynchus

common to this country and Europe infest the sugar beet in America,

O. sulcatus and O. singiilaris. Siilcatus, three eighths of an inch long,

with heavy abdomen and small distinct thorax, is black, without trans-

verse or oblique bands, dotted sparsely with minute tufts of yellow hairs;

singiilaris is similar but smaller, five sixteenths of an inch long, with rela-

tively larger thorax, the color dull dark brown sprinkled with yellowish.

Two American species of Centrinus injure the leaf-stem of the beet;

C. penicellus, which is about an eighth of an inch long, brownish gray,

usually with denuded black spots near the tip of the wing-cover, and C.

perscitiis about half as long as the foregoing and a much darker grayish-

brown. A minute black seed-weevil (Apio/i) also occurs on sugar beets.

The Imbricated Snout-beetle.

EpicccrHS imbricatus Say.

This beetle feeds upon a very large list of plants, comprising the

sugar beet, the leaves and bark of the twigs of the pear, peach, plum,

apple, cherry, raspberry, blackberry, and gooseberry, the leaves and
fruit of the strawber-

ry, and the leaves of

the cabbage, bean,

watermelon, musk-
melon, cucumber,

squash, beet, potato,

tomato, sweet - pota-

to, onion, corn, pig-

eon-grass, and locust,

besides the blossoms

of the red clover: In
Fig. 68. Ihe Imbricated Snout-beetle, Epicarus tmbricatus: a,

t n e beet tield the adult, top view; t, side view; c. larva, top view; d, side view; e, egg;

largest of the leaves ^' =85^ °" 'e-''^- (Chittenden, U. S. Dept. of Agriculture.)

are eaten away until, in some cases, only the stems and a few fragments

of veins and leaves are left.
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This species is widely distributed from the Atlantic to Utah and

Arizona, except in the most northern states. It is especially common
on sandy soil and east of the Mississippi. Eggs have been found on the

pear and strawberry and on the wild sensitive-pea (Cassia marilandica).

They are elongate-cylindrical, pale yellowish, smooth, and shining.

They are placed side by side in irregular rows within a concealment

made by gluing together two adjacent leaves, or by turning over the

edge of the leaf and gluing it securely to the surface. A female of

this species. kept under observation in Washington laid five hundred and

forty eggs, which hatched in from ten to fifteen days. The larvee have

not as yet been raised to maturity, but they seem to thrive in confine-

ment on strawberry leaves. There is apparently but one generation in

a year, the species hibernating as an adult. The beetles have been

found abundant in early spring along the Potomac, and we have col-

lected them throughout the season up to August ist. They are most

injurious, however, in May. The eggs have been noticed April 24th to

July 6th. The first adults of the season seem to appear about Septem-

ber ist, and specimens of this generation have been taken by us in

October.

When disturbed the beetles drop to the ground, apparently feigning

death, and they can consequently easily be destroyed by knocking

them off the plants into pans of water covered with kerosene.

The Black Vine-Weevil.

Otiorhynchiis sulcatus Fabr.

This European species seems not to thrive in the United States.

Although it is found from New York northwest into Canada and has

long been known on this continent, it is still comparatively rare here,

and its injuries have been confined mainly to greenhouse plants, espe-

cially the fern and cyclamen. In Europe it is a troublesome pest, eat-

ing the leaves and shoots of grape, strawberry, raspberry, mangel-wurzel,

primrose, etc. The eggs are laid in the earth at the roots of the plant

infested by the adult. There is but one brood a year, and the species

passes the winter in the larva stage. The pupa is formed in April, and

the beetles appear in April and May. They are nocturnal in their habits,

feeding only in the night and hiding usually by day. They are conse-

quently readily collected under chips, pieces of board, etc., like the

plum-curculio.

The Clay-colored Weevil.

Otiorhynchus singularis Mann. {O. picipes Ydihr.).

This European species, but little known in this country, is a nox-

ious pest in England, swarming out at night from their day-time retreats.
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and devouring the leaves of vines, fruit-trees, raspberries, currants, and

a considerable list of garden crops. Not only leaves, but buds, green

shoots, and tender bark are eaten. The larv?e infest the roots of many
of the plants attacked by the adults. The species has been reported

from Essex, Massachusetts, by Prof. A. S. Packard. Its life history is

substantially the same as that of the preceding species.

Tanymecus confertiis Gyll.

This species has been but once reported as notably injurious to the

sugar beet. In Nebraska it devoured early in the season the cocklebur,

lamb's-quarters, and smartweed in a twelve-acre beet-field, and when
these were gone completely destroyed the beets. This was a very weedy
field which had been allowed to fill up with cockleburs, and the beetles

probably bred on the roots of this plant.

The species is found throughout the United States as far west as

the Rocky Mountains. It is apparently single-brooded and hibernates

as an adult. We have collected it in November and December, and at

various dates in spring and summer up to the first part of July. A few

beetles taken by us in September were probably from the new brood.

Apion sp.

A single black species of this genus of minute seed-weevils, has

been found by Bruner in Nebraska on sugar beets.

Centrinus penicellus Hbst.

This little beetle, reported by Bruner as attacking beets in the

West, is moderately common from the Atlantic States to the Rocky
Mountains. It gnaws small holes in the leaf-stems, and when numerous

does considerable harm to plants attacked. Its immature stages and

life history are unknown. We have taken the beetle in the latter part

of July and in August.

Centrums perscitus Hbst.

Bruner reports this species also as injurious to beets, gnawing small

holes in the leaf-stems. It is commoner in Nebraska than the preced-

ing species, and is reported also from Georgia, Texas, and Iowa.

THE EXPOSED LEAF-EATING CATERPILLARS.

Besides the web-worms, cutworms, leaf-rollers, etc., already dis-

cussed, fifteen species of caterpillars have thus far been seen by us or
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reported by others feeding upon the beet leaf with a frequency to make
them worthy of mention in this article. The cigar-case-bearer is a

minute caterpillar, instantly recognized by the whitish cigar-shaped case

with which it surrounds its body in summer, only the head and legs pro-

jecting as it crawls about. The common army-worm (Fig. 69), the cot-

ton cutworm, the grass-worm (Fig. 73), and the beet army-worm are

striped with gray, blackish, or brown. The army-worm has three dark

stripes on each side; the cotton cutworm maybe recognized by two con-

spicuous rows of velvety black oval-triangular spots on the back, and by

a black spot on each side of the first segment of the abdomen just be-

hind the legs; and the grass-worm and the beet army-worm have on each

side a broad blackish stripe. The slight differences between the last

two will be given in describing the beet army-worm. Next follow two

green larvae, each with a white or roseate lateral stripe. One of these,

Maniestra trifolii (Fig. 75 a, b), is distinguished by a row of darker

streaks down each side of the back which are wanting in the green beet

leaf-worm {Peridroma incivis). The zebra-caterpillar {Ma/nestra picia—
Fig. 77) may be readily known by its brilliant black and yellow stripes

and bands, and the pale green Plusias (Fig. 76) by their resemblance

to measuring-worms as they move along. Having but three pairs of

legs on the abdomen they loop the body more or less in locomotion.

The purslane-caterpillar [Copidryas gloveri—Fig. 78) is banded with

black on a light background; and the purslane-sphinx {Deilephi/a) is

either yellow-green,—with eye-like spots on each segment, often accom-

panied by dark stripes (Fig. 81),—or blackish, with series of pale yellow

spots (Fig. 82).

All the foregoing are smooth or naked caterpillars. Three addi-

tional species are densely covered with a fur of long slender hairs, on

account of which they have received the general name of the woolly

bears. These are the yellow bear {Spilosoma virgi/iica—Yig. 84 d, Fig.

85), the hedge-hog C2iicr\>\\\3ir {Fyrrharciia isal>ei/a—Fig. 84 c, Fig. 86),

and the salt-marsh caterpillar {Leucarctia acrcea—Fig. 84 a, l>).

The Cigar-Case bearer.

{Coleop/iora fletcherella Fernald.)

This little caterpillar in its curious cigar-shaped case has been sev-

eral times noticed by us on sugar beets, eating small circular holes

through the leaves. It ranges from New York and Canada eastward,

and sometimes seriously injures the buds of apple, pear, and plum in

spring, and later bores the fruit. It spends the winter partly grown,

forming its characteristic case about the middle of May. It pupates

within this case, attached to the leaf, in June and July. Its injury to

beets has thus far been altogether insignificant.
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Fig. 69. The Army-worm, Leucania uiiipunLta

(arva.

The Army-worm.

Leucania innpuncta Haw.

The common army-worm is a striped caterpillar with sixteen legs,

of similar size and general appearance to ordinary cutworms, to which,

indeed, it is closely related in the

entomological classification and by
all its habits except the occasional

one of traveling in hordes or armies,

to which its common name is due.

When full grown it is greenish black,

lighter beneath, with three dark

stripes, similar in width, on each side

of the body, the middle one nearly

black. The adult moth is fawn-colored, with dusky hind wings, and
with a small white dot near the middle of each fore wing. Although
it is normally a grass insect, breeding ordinarily in meadows, or occa-
sionally in fields of young grain, a large variety of garden vegetables,

including beets, are accepted by it as food if they happen to be
in its line of march. It will

notbe seen in the beet field,

however, except where its

ordinary food supplies of

grass and grain have be-

gun to fail, compelling it

to abandon its usual feed-

ing grounds. It is a com-

mon insect at all times

and in all parts of Illinois,

but it is not noticeably de-

structive except in occasional years when circumstances favor its mul-

tiplication to an extraordinary extent.

The eggs are deposited in the roUed-up bases of grain or grass

leaves on ground where the rankest growth of plants occurs. From ten

to fifty may be laid on a single leaf. The moths are of

nocturnal habit, and the eggs are deposited after dark.

The caterpillars feed at night, usually remaining

hidden by day except during cloudy weather. When
full grown they bury themselves in the ground an inch

or two, forming there, by turning about, a smooth

cavity within which the transformations occur. There

are three generations in a year, and the winter is passed

mainly in the moth or the pupa stage.

The adults, which come abroad in early spring either from hibernat-

ing pupse or from the winter quarters of the moths, lay eggs late in

Fig 71. The Army-worm, Leucania unipttncta : a, male
adult: /', abdomen of female adult; c, eye; d, base of male
antenna; c, base of female antenna.

Fig. 70. The Army-
worm, Leucania uni-

/•uncta, pupa.
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April or early in May for the first brood of the caterpillars. The second

brood, appearing in Illinois late in June or early in July, is more likely

than either of the others to be injurious, and more than one of the three

broods is never destructive in the same locality.

This species is especially subject to destruction by parasites, which

speedily suppress any destructive outbreak, with the effect that the army-

worm is rarely especially abundant for two successive years in the same

locality. Commonly, indeed, an interval of several years occurs be-

tween noticeable army-worm outbreaks.

Wherever these insects appear in numbers, their movement may be

checked and themselves destroyed by the time-honored farmer's resource

of ditching across their line of movement, or by plowing a series of

furrows, with the smooth vertical edge facing the advancing host. In

these barriers, which they will not easily surmount, they can readily be

destroyed by methods generally well known. Sometimes a similar

purpose may be effected by spraying thoroughly with Paris green and

water a strip of vegetation which the army-worms are about to cross.

If they are abroad in the vicinity of a beet field their progress must be

promptly arrested, as a day's delay will often result in the .destruction

of several acres of the crop exposed to their invasion.

The Cotton Cutworm.

Prodenia or/ii/hogani GviQX\. (P. lineatella Harv.).

This caterpillar, an inch and a third to an inch and two-thirds

long, is conspicuously marked with a row of velvety black oval-triangu-

lar spots along the back, at some distance on each side of the middle.

It is darker than the

average cutworm and

is distinguished by a

conspicuous black
spot on each side

just behind the joint-

ed legs. It has a

varied list of food

plants, including
beets, corn, wheat,

cabbage, potato, as-

paragus, salsify, peach, raspberry, and, especially, cotton. Dr. Riley

says that he found it on practically all kinds of succulent plants both

wild and cultivated. It is one of the common caterpillars in Illinois

beet fields. It has attracted principal attention as a cotton insect,,

destroying sometimes acres of young plants shortly after they appeared

above ground, and later boring into cotton bolls much as does the boll-

worm {Heliothis). The species is found from Massachusetts to Minne-

Fig. 72. The Cotton Cutworm, r>-,>d,>i'i

XV

'nithogalli, adult.
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sota and California, and south to the Gulf of Mexico. It passes the

winter, according to Riley, most generally in the larval stage, but some-

times also as pupa or imago. The caterpillars are commonest in Illinois

in July and August, where there is perhaps but a single brood. In the

South, however, there seems to be at least two generations annually, one

occurring in April and the other late in June.

4-^-

The Common Grass-worm.

Laphygma friigiperda S. & A.

This insect, called also the fall army-worm, and often confused on

that account with the true army-worm, was extraordinarily abundant

throughout Illinois and many other states during the summer of 1899.

According to Chittenden's article* it was reported from New York and

New Jersey southward to Florida, and westward

I

~ r~- to Texas, Kansas, and Nebraska. It attracted

most attention, perhaps, last season in lawns,

the turf of which it completely deadened in

many towns; but it was also injurious to small

grain, corn, broom-corn, etc., giving rise to much

apprehension among those not acquainted with

its history and habits. In Illinois it was defi-

nitely reported to the office from Chicago and

its suburbs, from Quincy, Meredosia, Areola,

and Urbana, and from Villa Ridge in extreme

southern Illinois, as well as from many inter-

Fig. 73. The Common Grass- mediate plaCCS.
^vorm, Laphygma frugipcrda: a.

j^ j^ espccially fond of grass and othcr
larva; i^, head of larva, front view; ^ -^

r, abdominal segment of larva, top gramiuaccous plants, com, broom-com, whcat,
view; d. side view.

^^^^^ ^^^ ^^ ^ Watermelon field it cleared out

the grass-like weeds, but did not injure the

melon vines. Notwithstanding its abundance

about Champaign none were seen by us on beets

until October, when young larvse were found

gnawing the leaves of that plant. Most of them

were freshly hatched, but none of the lot was

large enough for unmistakable identification.

Its list of food plants is so long and varied as to

be almost exhaustive of our ordinary crops and

weeds. Indeed, in extreme cases it leaves

scarcely any green vegetation uninjured, and

has even been known to enter greenhouses, and Fig. 74. The Common Orass-

to eat corn fodder in the stack. '""/T'
^;^''ys"'-/''"siperdara.

adult; 0, c, two-color varieties.

*Bull. No. 23, N. S., U. S. Dept. Agr., Div. Ent., p. 79.
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It differs from the army-worm in its method of avoiding the con-

sequences of a too prolific multiplication, not moving off in definite

hordes and in fixed directions, like the latter insect, but spreading

indefinitely in all directions from the most densely populated area.

It ranges over the whole United States east of the Rocky Mountains,

and it is also found in Jamaica and Brazil. There are at least two, and

probably three, generations of the species in each year in the latitude

of central Illinois, one becoming destructive in the larval state late in

July and continuing abundant in August, and another appearing in Octo-

ber. The fall brood is usually the destructive one, any other rarely

being numerous enough to attract attention. This species is believed

to hibernate mainly in the pupa stage, but partly also, in all probability,

as an adult. Thus, larvse collected by us October ii, 1884, were mostly-

alive in the earth as pupae in December, a few only having emerged in

the preceding month.

It is held in check mainly, if not wholly, by its parasites, of which

a tachinid fly is one of the most important.

The Beet Army-worm.

Laphygma flaviitiaculatii Harv.

This caterpillar, which replaces the foregoing in the Western States,

differs from it by its more decidedly mottled ground-color, by a row of

white dots at the lower margin of the lateral dark band, and by the yel-

lower color of the light stripes. It is an interesting fact that while the

preceding species was doing serious, unusual, and very wide-extended

injuries in the Eastern and Southern States, the present one was simi-

larly abundant in Colorado, where besides destroying many kinds of

weeds and grasses it completely defoliated thousands of acres of sugar

beets. In some cases where the foliage of the beet did not furnish it

sufficient food, the root was attacked and the upper surface often com-

pletely gnawed away. Late plantings of course suffered most severely,

especially when surrounded by newly broken ground. The weeds most

generally eaten were pigweed, saltweed, wild sunflower, and Cleome.

Potato, pea, and apple leaves were also devoured. . These injuries

occurred about the middle of August, at which time larvae and pupae

were abundant, and a few moths laden with eggs were also noticed.

These facts are derived from the statements of Prof. C. P. Gillette, of

the Colorado Experiment Station, who furnished the material for this

account together with specimens of the insect.

This species evidently hibernates as a moth, and at least two broods

of larvae may be looked for each year, the first about June and the sec-

ond in August. The species has been reported thus far from Colorado

and California, but it doubtless has a more extended range in the moun-
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tain region of the far West. Prof. Gillette's field experiments showed

that it could be destroyed by dusting or spraying arsenical poisons on

the beet leaf.

The Garden Mamestra.

Mamestra trifolii Rott.

{^M. che/wpodii h\h\u.)

This green larva, striped with rose or pinkish white, with a row of

darker lines on each side of the back, is found all over Europe and North

America. It infests a variety

of garden plants and weeds, and

sometimes does considerable in-

jury to beets by eating the leaves

or even the entire tops of small

plants, as reported by Bruner in

Nebraska. We have found it also

on beets in late September and

early October on the Experiment

Station farm in Illinois. In Amer-

ica it has been noted feeding on

cabbage, turnips, and numerous

other garden vegetables, and upon

lamb's-quarters and purslane
among the common weeds. It is

evidently two-brooded, hibernat-

ing as a pupa, and the moths ap-

pearing in the early spring. We
have found them abundant at

electric lights in May. Larvae of

the first brood have been taken in

June and early July, and of the

second brood in September and early October. Larvae taken from the

sugar beet September 26th and October 9th entered the ground for

pupation between October 8th and 13th.

Mamestra sp.

Bruner mentions a larva found abundant in beets at Norfolk, Neb.,

which was about the size and general appearance of the darker form of

M. trifolii but differed in habits and markings. It was not bred to the

imago, and its species is consequently unknown.

The Green Beet Leaf-worm.

Peridroma incivis Guen.

During 1899 and 1900 this green larva, with a white or roseate stripe

on each side, was the commonest caterpillar on beet leaves in Illinois.

Fig. 75. The Garden Mamestra, Mamestra tri-

folii: a, b, larva; c, pupa; d, adult; e, wing of adult

enlarged; /, last segment of pupa, ventral view.

(Riley, U. S. Dept. of Agriculture.)
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It fed freely exposed on either the under or upper side of the leaf, eat-

ing irregular holes, but not becoming seriously injurious. Garman

reports it as a common Kentucky insect. It ranges from Florida and

Texas to Massachusetts and Illinois, and occurs also in California.

French and Garman speak of it as feeding in gardens, and we have

found it eating purslane as well as sugar beets. The larva enters the

ground and pupates there. In southern Illinois and Kentucky the

species is apparently two-brooded. Larvae are common in spring,

yielding the imago in June and July; and another brood of larvae oc-

curring in August and September gives the imago in October. In

central Illinois we have found larvae of all sizes common in July and

again in September, the last of them disappearing about October 15th.

Examples taken July 14th and 26th and September 2d all went into the

winter in the pupa stage. Further study of the life history is evidently

necessary to determine the usual facts for this species.

The Cabbage Plusia.

Plusia brassicce Riley.

This pale green looping caterpillar is striped with longitudinal

whitish lines of varying distinctness, which narrow noticeably towards

the head. It is by preference a cabbage insect, but occasionally eats

the leaves of beets. When young it eats small holes in leaves, but as it

grows larger it devours the leaf completely, and even gnaws away the

stalk. It is seriously injurious to the cabbage in the South, and in

Minnesota was reported in

1884 to be almost as injuri-

ous to cabbage as the com-

mon cabbage worm {Fieris

rapie^. It feeds also on

celery, kale, turnip, tomato,

lettuce, mignonette, dande-

lion, dock, clover, lamb's-

quarters, and some less

common cultivated plants.

It ranges throughout the

United States, and occurs

also in Canada. The eggs

are laid upon the food plant

singly or in small clusters,

loosely attached to the leaf.

The full grown larva spins a gauzy cocoon wrapped in the leaf or

attached to the stem, and within this the green or light yellowish pupa

is presently found. The blackish or dark gray moths are distinguished

Fig. 76. The Cabbage Plusia, F/z^/Vt i^rrtji/tv?.- a, larva;

/', pupa in its thin cocoon; c, adult.
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Ijy a silvery U-shaped spot on the middle of the fore wing and an oval

silvery dot adjoining it on the outside.

The number of generations annually has not been satisfactorily de-

termined. Riley believed that there were probably four in the latitude of

Washington, D. C. This caterpillar has an enormously destructive

parasitic enemy, a minute hymenopterous insect, which pupates within

the skin of its dead host and emerges in almost incredible numbers, over

twenty-five hundred having been counted which must have come from a

single infested larva. In a large lot of larvae collected by us at Urbana,

only one example escaped parasitism, and Dr. Riley reports a similar

observation upon fifty larvK collected by him.

The Celery Pi.usia.

Plusia simplex Guen.

This is our commonest Illinois Plusia. It occurs generally in the

United States east of the Rocky Mountains, as well as in New Mexico
and the Hudson Bay Territory. It is a very destructive celery insect, and
we have bred it from a larva found feeding on the sugar beet. It differs

from the cabbage species in the fact that its spiracles are distinctly

Tinged with black, according to Coquillett, while in the cabbage Plusia

these rings are indistinct, partial, or wanting. There are believed to be

three broods of this species in a year. The caterpillars of the first

generation of the year hatch late in May and get their growth late in June
or early in July. The life of the second generation extends from the

first part of July to the middle of September, and the third begins to

issue from the egg early in October. This brood hibernates about half-

grown, attaining full size during the latter half of April, This account,

coftipiled from Coquillett's statement in the Eleventh Illinois Report, is

confirmed by our collections, in which the moths of this species occur

twice in April, ten times early in May, ten times between July 15 th and

August. 15th, and six times in the latter half of September.

The Zebra-caterpillar.

Mamesira picta Harr.

Although evidently preferring cabbage and other cruciferous plants,

this abundant and conspicuous caterpillar occasionally attacks beets.

It seems to be somewhat whimsical in its food habits. It has been re-

ported by Felt, of New York, as excessively abundant in timothy and
as the probable agent in the destruction of twenty acres of oats. Other

food plants recorded are cauliflower, turnip, rutabaga, bean, pea, carrot,

celery, potato, spinach, asparagus, buckwheat, corn, clover, currant,

cranberry, apple, orange, willow, spruce, mignonette, aster, sweet pea,

snowberry, honeysuckle, smartweed, burdock, and lamb's-quarters. It
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is distributed from Canada to Florida, and west to Nebraska. The eggs-

are deposited in large clusters of as many as a hundred and fifty each,

usually on the under surfaces

of the leaves. The young

caterpillars are at first white,

hairy, and speckled, each

with a black head and a

black crescent upon the

thorax. They feed for a

time in a dense group, but

after a few days they molt

and assume the zebra- mark-

ings of the full grown larva.

This is black with two yellow

stripes on each side, the

broad interval between
which is crossed by numer-

ous fine white lines. The
under surface is tawny.

When dis4;urbed the caterpillar coils up and falls to the ground. It

pupates under ground within a rude cocoon. There are two genera-

tions a year, hibernation being either in the pupal or larval stage. The

first and most destructive brood of larvse occurs in June and July, and

the second in vSeptember and October.

Fig. 77. The Zebra-caterpillar, .l/«;««i'»'rt picia: it, larva;

h, adult. (Riley, U. S. Dept. of Agriculture.)

The PURSL.^NE-CATERPILLAR.

Copidryas gloveri G. & R.

Fig. 78. 'I'lie Purslane-caterpillar, Copi-

dryas gloveri: a, adult; b, larva. (Riley ><:

Howard, U. S. Dept. of Agriculture.)

Fig. 79. The Purslane-

caterpillar, Copidry as
gloveri, egg, greatly en-

larged. (Riley & How-
ard, U. S. Dept. of Agri-

culture
)

Fig. 80. The Purs-

lane-caterpillar, Copi-

dryas gloz'eri, with
head and last seg-

ments enlarge (.1.

(Riley and Howard.

U. S. Dept. of Agri-

culture.)

This insect, the usual food of which is purslane, is not an Illinois

species, but as it seems to have spread from its original home in Texas
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and New Mexico into Kansas and Nebraska it may yet reach Illinois,

where there is certainly no lack of its favorite food. In Nebraska it

has been seen to feed on the leaves of the sugar beet. Its size is about

that of a common cutworm. It is whitish or light gray, conspicuously

banded with black on each segment, and shaded with salmon-pink.

The eggs are laid in clusters of two to five on the under side of the leaf

of the infested plant. The young larvae, which hatch in two or three

days, are light or yellowish green at first, with darker shadings. They
become full grown in eight or nine days, and make then a tubular

burrow in the earth for pupation, closing the opening with a thin layer

of dirt. After about twelve days as a pupa, the moth appears. This

is brownish gray, with a creamy curved streak along the fore wings, the

hind wings buff with a blackish border. Four broods of this caterpillar

have been recorded.

The Purslane-sphinx.

Deilephila lineata Fabr.

This fairly well-known caterpillar varies in markings to an unusual

degree. . Two distinct forms may be separated, one yellow-green, with

eye-like spots on each segment, often accompanied by dark stripes, the

Fig. 3i. The Purslane-sphinx, Deiief>hila lineata, larva.

other blackish with series of pale yellow spots. Its favorite food-plants

are purslane and chickweed, and on these it may often be found in con-

siderable numbers. Its preferences are not very strict, however, and it

may devour almost any low plant. It is reported by Bruner to injure

Fig. 82. The Purslane-sphinx, Dcile/ihila lineata. larva, dark variety. ([.Ippincott Co.)

the sugar beet in Nebraska, and has been seen eating beet leaves at

Pekin, 111. Thus far it has caused no serious injury to vegetables in cul-

tivation, and if it should become locally abundant it could easily be

destroyed by hand. When full grown it forms a smooth cavity in the
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•earth within which it changes to a light-brown pupa with a tongue-sheath

like the handle of a pitcher. The handsome well-known moth from

this pupa is commonly called the white-lined morning-sphinx. It is one

of the twilight species which when flitting about flowers in the dusk is

most likely to be mistaken for a hummingbird by those ignorant of the

Fig. S3. Tlie Purslane-sphinx, Dcilcphila liiieata, adult. (Lippincott Co.)

liabits of that species. It is also not uncommon at the electric light.

This sphinx-moth is two-brooded, the larva? of the first brood being

most abundant in July and August, and those of the second from the

middle of September through October. It hibernates in the pupa stage.

The Woolly Bears (Arciiidce).

The Yellow Bear {Spilosotna virginica Fabr. ).

The Hedge hog Caterpillar {^Pyrrharctia Isabella Abb.).

The S^lt-Marsh Caterpillar {Leiicarctia acrcca Dru.).

The larvae of these three related species are one and a half to one

and three fourths inches long, and thickly coated with erect hairs—from

which fact their general name is derived. They are common and widely

distributed, and very general feeders, devouring leaves of garden vege-

tables (including beets), small fruits, vines, and young trees. The yel-

low bear is probably the commonest and the salt-marsh caterpillar the

least common of the three in Illinois. The hedge-hog caterpillar, tawny

red on the middle half or two-thirds of the body and black at each end,

is a familiar object in late fall and early spring, often noticed as it hur-

ries over the ground in search of hibernating quarters, for it passes the

winter in the larval stage. It derives its popular name from the fact

that it rolls itself up into a bristly ball when frightened or disturbed. In

the other two species the coat is nearly uniform in color throughout, but

differs in shade from very light to very dark. The head of the yellow
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bear is pale and iiniiMrkcd, the liair is commonly dark brown, the bod)^

beneath it often witn flusky stripes. In llie salt-marsh caterpillar the

Fig. 84. Faces of woolly bear larva;: u, b. The Salt-Marsh Caterpillar, Leucarctia acnea, showing:

variation in extent of black coloring; c. The Hedge-hog Caterpillar, Pyrrharctia Isabella: d, The-

Yellow Bear, Spilosoina Z'irginica.

head is more or less black, the hair is commonly dark brown, and the

body is blackish, with

pale lateral and medio-

dorsal stripes. Both

these species hibernate

in the pupa stage. When
quite young the larv»

merely eat the surface of

the leaves, but when

older they make large

holes. When one of the

woolly bears is full

grown it seeks a conven-

ient shelter, makes rath-

er a thick cocoon of the

hairs of its coat inter-

woven with coarse silk, and transforms within this to a dark brown
chrysalis. The pupa of the hedge-hog caterpillar bears some tufts of

golden bristles, and its tawny cocoon is often found on old boards.

Fig. 85. The Yellow Bear, Spilosoina 7'irginica: a, lar\

/', pupa; c, adult.
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The perfect insects of these species are very well-known thick-bod-

ied moths, that of the yellow bear being the one to which the common
name of "miller" is most likely to be attached. Its heavily-coated

wings are snowy white with a few black dots, and the abdomen orange,

with three rows of black spots above. The adult of the hedge-hog cat-

erpillar is the Isabella moth, orange-buff on wings and body, with the

hind wings tinted more or less with rose. The wings are also speckled

with black, and black dots are

arranged on the upper surface

of the abdomen in three longi-

tudinal rows. The moth of the

salt-marsh caterpillar has the

abdomen orange, and all the

wings white in the female, the

male differing by the orange

hinder wings. In both sexes

the wings are thickly speckled

with black, and the abdomen
with black in three longitudinal

rows. All three of the species

seem to be normally two-

brooded. The larvae of the first

brood are commonest in June

and July, and those of the sec-

ond brood in September. The woolly bears are frequently beset by

hymenopterous parasites, and the hedge-hog caterpillar seems especially

subject to death by muscardine—due to the attacks of a parasitic fungus

which converts the body soon after death into a rigid mummy, scarcely

shrunken from the proportions of the living insect.

Fig. 86. The Hedge-hog Caterpillar, Fyrrliarctiu

Jsahella: a, larva; b, pupa in cocoon; c, adult.

Injuries to the roots.

In case an unthrifty condition of the beet plant is not fully ex-

plained by injuries to the foliage, an examination of the roots will often

betray the presence there of insects doing an injury sufficient to diminish

the general vigor of the plant, or which may result in its destruction.

There are two classes of injury to the roots of beets by insects; those

resulting from a sucking of the sap from the tissue of the root by true

bugs iyHemiptera); and those due to beetles and their larvae, which gnaw

the surface of the root or eat into its substance. Injuries by the sucto-

rial Heiniptera are distinctly recognizable only when the insects them-

selves are found on the root, since the local effect of the abstraction of

"the sap is not usually very marked. The insects of this description thus
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far noticed on the beet root are few in number, and have rarely been of

great importance. Our present list of those infesting the root of the

Taeet is limited to two species of plant-lice {^Pemphigus beta, and Aphis

middletonii) and a single mealy bug {D'aciyhpins), the species of which

is uncertain.

ROOT-LICE {Aphidida and Coccidce).

The Beet Aphis.

Pemphigus betce Doane.

This insect, but very lately brought to the attention of beet-growers,

offers an extraordinary example of the injury to vegetation which may
be done by root-lice. Our information concerning it is due to Mr. R.

W. Doane, Assistant Zoologist of the Washington State Agricultural

Experiment Station, at Pullman, Wash., whose latest publication on this

species is contained in Bulletin 42 of that Station.

Attention was first called to this pest, he says, in 1896, when it was

found that a field of two or three acres of beets was generally infested,

a strip of twenty-five to a hun-

dred yards being so badly in-

jured that the beets were nearly

all soft and spongy, and the

plants much smaller than the

average. Other beet fields in

the vicinity of this were also

generally infested. During sub-

sequent years this aphis has

been found in considerable

numbers in almost every beet

field in that locality, and in

1899 it was unusually destruc-

tive.

It was first described as a new species by Mr. Doane in 1900, and

seems thus far to have been found only in Washington and Oregon. In

the latter state it has been even more destructive than in Washington,

at least a thousand tons of beets having been destroyed by it in one

year in a single valley devoted largely to beet culture. Like very many
other beet insects, this species infests also several wild or useless plants;

a wild yarrow {Achilla'a laniilosa Nutt.) and a knot-weed {Polygonum

aviculare), together with various other weeds and grasses, both native

and introduced. It has also been reported as occurring on potatoes,

cultivated roses, and the wild service-berry, but its identity in these

<;ases is as yet in doubt.

This root aphis occurs in two forms, wingless and winged, the

Fig. S7. 'X\i^^e.e.X \'^\i\%. Pemphigus bctie : «, winged
female; b, wingless female; r, antenna of winged female.

(Doane.)
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wingless form being much the more abundant. These are small, pale-

yellow or whitish, with a mass of flocculent matter covering the posterior

part of the body, evidently much as in the case of the woolly aphis of

the apple. Indeed, the first thing to attract attention when an infested

beet is examined is this white fungus-like substance covering the in-

fested surface. The insects are mostly pear-shaped, an eighth of an

inch in length when full grown.

''Upon examination with the lens the whole body, including the legs

and antennae, is seen to be dusted over with a white powder, and the floc-

culent mass is seen to be made up of thousands of very fine white threads

arising from the last three or four segments of the body and often half

as long as the body itself. The legs and antennae and a rather large spot

on the dorsal side of the head are brown. The eyes appear as small

black dots on the sides of the head. The antennae are six jointed, the

third joint being the longest; the sixth joint, which is the next in length,

has the distal portion contracted so it is only about half as large as the

basal portion.

"Winged forms are also often found late in the season. These are

somewhat larger, more elongated, and very much darker in color. The

whole head and thorax, together with the legs and antennae, are bluish

black, lightly dusted with the white powder. The abdomen is dark green

with only a little of the flocculent matter on the posterior segments. The

thin membranous wings are usually held folded roof-like over the body,

beyond the tip of which they extend for some distance. The eyes are

much larger than in the wingless forms and are brown. With the winged

forms a number of pupte usually also occur. These look just like tha

winged forms, but instead of the wings they have little blunt pad-like

organs, the undeveloped wings, on either side of the thorax."

The smaller rootlets of the beet are first attacked by this aphis,

and if it occurs in considerable numbers these are soon all destroyed,,

and the leaves thereupon soon wither, and the whole beet shrivels and

becomes spongy. This wilting of the leaves will frequently, in fact, be

the first thing to attract the attention of the beet grower. The actual

injury to the crop will, of course, depend largely upon the time when the

attack of the aphis is made. If the plants are small they may readily be

destroyed, while if they are practically full grown the loss of the small

rootlets will not materially affect them.

No sexual generation of this aphis has as yet been discovered and

no eggs have been seen, viviparous reproduction continuing throughout

the year except when the cold of the winter temporarily suspends the

physiological activities of the species. The winged females, appearing

from time to time during the summer and fall, serve to distribute the

species generally, new colonies being started wherever these females

find lodgment and food. In districts liable to injury by this insect it
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seems inadvisable that beets should be the first crop on new land, or

that ground should be continued in beets or in any other root crop after

the pest has made its appearance in the field.

ApJiis iniddletouii Thos.

Occasionally colonies of this root aphis, which had previously been

found only on roots of certain weeds, were detected by us in 1899 ^^id

1900 in Illinois on the sugar beet, established among the smaller roots

on each side of the main mass of the beet. Only a small percentage of

the beets examined were infested. Two species of ants, Lasiiis niger

aliein/s and Formica schaufussi, were running about among them in a

way to indicate an association of the usual form.

The wingless insects of this species are greenish gray, with dark

spots above, near the sides, and some dark cross-bars in front of the

middle. The winged individuals have the head and thorax black.

Thomas found the winged form among the wingless ones during the

latter part of September, and the eggs occurred at the same time among
the roots.

The species is recorded as abundant on the roots of various weeds
of the order Coinpositce—the fleabanes {Ei-igeron), horse- weed {^Ainbrosia

trifida), goldenrod {Solidago seroti/ia), iron-weed {Verno/iia), and aster.

It has been recorded from Illinois, Minnesota, and Nebraska.

The Root Mealy Bug.

Dactylopins sp.

A minute whitish insect, resembling a wingless plant-louse, but with

an (jblong or oval body and very short legs and antennae, may some-

times be found on sugar beets. Like the beet root-aphis, described

above, it is usually well covered with a white waxy excretion. Such
insects infest the roots of a considerable variety of plants. Little is

known of their life history, and very few have been taken on beets. A
single immature specimen was seen on a sugar-beet root in July in Illi-

nois along with examples of Aphis middletonii, and specimens doubtfully

referred by Cockerell to Dactyiopins soiani Q,W\. were found in Colorado
on. the crown of the sugar beet. This species occurs on the roots of a

common western weed, Solanuin rostratuin, and a variety of it infests

the roots of a plant of the beet family, Atripiex cancscens.

WIRE WORMS.
Elaterid(C.

Among the subterranean insect enemies of the beet one may occa-

sionally find, buried in its substance or eating into it from without, long,

cylindrical, hard, smooth, reddish brown, worm-like larvae, about an
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inch long'when full grown, and with three pairs of short legs immedi-
ately back of the head. This last is flattened, wedge-shaped, with the

mouth in front and the jaws extending forward. These wireworms are

ordinarily most abundant in grass-lands, which are their normal breed-

3:

Fig. 88.- The Corn
Wireworm, Melanu-

tus cribulosiis, larva.

^^>^.>

Fig. 90. The Corn Wire-

worm, Melanotns cribulosus,

last segment of larva, top

\ iew.

Fig. 92. The Corn

Wireworm, Melanotus

criduh'SKS, right-side

view of one of the

middle segments.

Fig. 8y. Dmstcriiis ele-

\gans, larva.

Fig. 91. Drasterius elegans, last

segment of laiva, top view.

ing grounds, but as they live in the earth about two years before trans-

forming to the adult beetle stage, they continue their injuries to suc-

ceeding crops when the infested pastures or meadows are broken up,

often doing much greater injury to this cultivated vegetation than to

the grass the roots of which furnish their usual food.

These wireworms have been found to eat the smaller roots of beets,

and, burrowing into the tap-roots and crowns, often cause the plants to

shrivel and die. The species have not ordinarily been discriminated by

observers, but we have seen larvae of Mclanotus cribulosus and of Dras-

terius elegans about beet roots which had been more or less injured and

eaten away. An elaborate account of them and of their injuries to corn

will be found in the Eighteenth Report of the State Entomologist of

Illinois, with keys and figures for the discrimination of the various spe-

cies thus far separated.

The injurious species agree fairly well in the main features of their

life history. They change, when full grown, to dormant pupx in the

earth in July, or sometimes in August, and again some three or four
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weeks later to the brown or reddish beetles commonly known as click-

beetles or " jumping-jacks "—hard, somewhat hairy insects, of slender

oval form, distinguished at once by their peculiar habit of springing into

the air with a sudden click when placed upon their backs. A large part

of these fully developed beetles remain under ground until spring, enjoy-

ing there the protection of the oval earthen cavity or cell formed by the

Fig. 93. The Corn ^Vire^vo^m.

Mclanotus crihiihmis, adult.

^-^ t^.

Fig. 94. Jlrasterins elrgiins, adult.

larva as a preparation for pupation. A part, however, come forth from

the ground in fall, passing the winter in sheltered places, and the remain-

der emerge in spring, laying their eggs most commonly in grass-lands

in the earth. Of their subsequent life history little is yet definitely

known. It seems certain that all live more than one year as wireworms

in the earth, and observation of the various sizes of larvae of the same

•species to be found in the field at once, usually supports the common
impression that the period of life in the larval stage does not extend much
beyond two years. Obviously, infested ground, and especially infested

grass-land, should not be put into sugar beets for a year or two after it

is broken up from sod.

WHITE GRUBS.
Lachnostcrna and Lii^yi'its.

The white grubs or grub-worms are the larvae or young of the very

common insects usually known as May-beetles or June-bugs, and of

another group, known as manure beetles. These grubs are so common
and generally recognized that the accompanying figures will serve to

identify them without further description. They are most abundant in

grass-lands or in lands recently in grass, although they are occasionally

bred in large numbers in fields of corn. They do serious injury to the
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underground parts of a great variety of crops, including sugar beets^

being, like the wireworms, most destructive the second year after grass.

They eat the smaller roots, destroy the tap-root of the plant, or gnaw

Fig. 95. A June-bug larva

or White Grub, I.aclniosterna

rugosa.

97. A June-bug. Laclinostcrita rugosa, adult;

<i, last segments of male, from beneath.

large cavities in the substance of the beet—injuries frequently indicated

by the sudden' wilting of the leaves. In a Nebraska field of beets^

planted on ground which had lain idle for a few years, about fifteen per

cent, of the plants were thus destroyed.. Grubs of Lacliiiosterna nigosa

have been found by us this year injuring the roots of beets in central

Illinois, and causing the plants to wilt.

The white grubs common in this state are elaborately treated in

the Eighteenth Report of the State Entomologist of Illinois, to which

reference may be made for a more de-

tailed account. The following summary

of the life history will, however, be useful

in this place.

The eggs are transparent white, at first

oblong-oval, soon becoming nearly spher-

ical. They are deposited in the earth,

one to three inches below the surface,^

usually some time in June, and they hatch

in about ten to eighteen days. The young

larvee feed on roots during the remainder of the season, winter over

deeper in the ground, and come up and resume feeding when the next

season opens. A second winter is passed in the same way, and in June

and July of the third season they form oval cells in the earth, and in

late summer change to the June beetles. These beetles do not usually

leave their cells until the following spring, when they emerge, pair and

lay their eggs, and soon die. They feed during their short life on the

Fig. 96. A June-bug larva or White

Grub, Lachnosterna rugosa, last seg-

ment, from beneath.
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leaves of trees, especially oak, hickory, and ash, as well as on a few

other plants. The damage to foliage is sometimes considerable.

There are no measures which can be depended upon for the destruc-

tion of white grubs in the beet field, and the beet grower must conse-

quently rely upon preventive measures. The most obvious of these is

suggested by the fact that the white grub is bred mainly in grass-lands,

and that there are few pastures or meadows of long standing which are

not more or less infested by them. Consequently, whenever an old sod

is broken up it should be planted to some other crop for at least two years

before it is set in beets; or, if necessity requires that beets should be

raised on such ground at once, this should not be done until it has been

cleared of the grubs by thorough pasturing of the sod with pigs. These

search out and root out the grubs in the ground, greedily devouring them,

and may in the course of a few weeks completely clear a badly infested

turf. The fact of the winter retreat of the grubs to a considerable depth

below the surface must, however, be borne in mind in this connection.

From November to March inclusive they will commonly be beyond the

reach of pigs.

The Muck Beetle.

Ligyrus gibbosus DeG.

(PI. IX., Fig. 2.)

The larva of this muck beetle need not ordinarily be distinguished

from the white grubs above discussed, its size, habits, and appearance

being substantially similar; but its life history is less definitely known,

and the period of its continuance in the earth is in doubt. The prin-

cipal economic difference is due to the different habit of the adult

beetle, which does not feed, so far as known, upon the leaves of plants

like LacJuiosterna and Cyclocephala, but burrows in the earth, eating the

roots or the lower part of the stalk of the infested plant much as does

the larva itself. In early spring, says Mr. H. E. Weed, the beetles

are often dug up by persons working in grass-land. They are said by

Bruner to have been quite destructive to sugar beets over limited areas

in western Nebraska, gnawing great holes into the roots and sometimes

thus entirely imbedding themselves. They work at different depths from

the surface, sometimes as much as six or seven inches, but mostly about

three or four inches under ground. They were most abundant on old

ground and on ground that had been irrigated. They are reported as

feeding also on carrots, roots of sunflowers, and tubers of the dahlia.

In Mississippi, according to Mr. Weed, a serious injury to corn follow-

ing upon grass was done by these beetles, which gnawed the base of the

stalk, causing the plant to wilt or killing it outright. The species is

widely distributed in the United States, and is abundant in Illinois.
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TECHNICAL LIST OF SPECIES OF BEET INSECTS.

OKDER ACARIiVA.

Red Spiders. page

Tetranychus bimaculatus Harv 58.

ORDER ORTUOrrERA.

Grasshoppers {Acrididcc , Locustida).

Stenobothrus curtipennis Harr 131 Melanoplus femur-rubrum De G. . . . 133

Dissosteira Carolina Linn 131 M. atlanis Riley 134

Trimerotropis latifasciata Scudd. . . . 132 M, spretus Thos 134

Spharagemon aequale Scudd 132 Campylacantha olivacea Scudd 135

Schistocerca alutacea Harr 132 Orchelimum vulgare Harr 135

Melanoplus differentialis Thos 132 Xiphidium nemorale Scudd .- 136

M. bivittatus Say 133 X. strictum Scudd 136

ORDER IIEMIPTERA.

suborder heteroptera.

The Pigweed Bug.

Piesma cinerea Say 85

The Common Flower-bug.

Triphleps insidiosus Say 86

Leaf-bugs {Capsida).

Agalliastes associatus Uhl 88 Eccritotarsus elegans Uhl 90

Plagiognathus obscurus Uhl 89 Lygus pratensis Linn 90

Macrocoleus chlorionis Say go Calocoris rapidus Say 92

Halticus uhleri Giard 88 Hadronema railitaris Uhl 92

Garganus fusiformis Say go

Smaller Plant-bugs {I.ygcEidu-).

Emblethis griseus Wolff 94 Geocoris pallens St:il 95

Sphragisticus nebulosus Fall 94 Nysius minutus Uhl 93

Geocoris bullatus Say 95 N. angustatus Uhl 95

Larger Plant-bugs {Corcidfc, Pcnlalo77iid(v, Corimehcnidir).

Corizus lateralis Say 96 Pentatoma uhleri StAl 97

Acanthocerus galeator Fabr 97 Corimeljena pulicaria Germ 99
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SUBORDER HOMOPTERA. »

The Flatas {Ormen/s, Chlorochroa).

Ormenis pruinosa Say S3 Chlorochroa conica Say 83

Leaf-hoppers (Jassoidca, DelpJiacincc).

Stobera tricarinata Say 67 Athysanus sp 75

Liburnia ornata Stal 67 Eutettix seminuda Say 75

L. puella Van D 68 E. tenella Uhl 75

Agallia 4-punctata Prov 68 Phlepsius irroratus Say 76

A. novella Say '69 Thamnotettix belli Uhl 76

A. uhleri Van D 70 Gnathodus abdominalis Van D 76

A. sanguinolenta Prov 69 G. impictus Van D 76

Oncometopia undata Fabr 70 Cicadula G-notata Fall 77
Diedrocephala versuta Say 71 Dicraneura fieberi Loew 77

D. mollipes Say 71 Empoasca mali Le B 77

Gypona S-lineata Say 72 E. flavescens Fabr 79
Platymetopius acutus Say 72 Typhlocyba vulnerata Fitch 79
Dehocephalus melsheimeri Fitch. ... 73 T. comes Say .... 79
D. inimicus Say 74 T. comes vitis Harr 79
D. nigrifrons Forbes 75

Tree-hoppers {Me7nbracidce).

.\cu talis calva Say 80

Plant-lice {Aphididcc).

Pemphigus betac Doane 159 Aphis sp S2

Aphis middletonii Thos 161 Myzus achyrantes Monell 82

A. gossypii Glover 81 Nectarophora erigeronensis Thos.?.

.

S3

.\. atriplicis Linn 82 N. pisi Kalt S3

Root Coccid.

Dactylopius solani Ckll. ? 161

ORDER COLEOPTERA.

Ground-beetles (Carabidcc).

Clivina impressifrons Lee t 36

Carrion-beetles.

Silpha opaca Linn 136 Silpha bituberosa Lee 137

Wireworms {Elatertdce).

Drasterius elegans Fabr 162 Melanotus sp \6z

Melanotus cribulosus Lee 162

White Grubs.

Lachnosterna rugosa Melsh 164 Ligyrus gibbosus DeG 165

Lachnosterna sp 164



— i68 —

f Leaf-beetles (C7iryso?nei/d(i-j,

NON-JUMPING LEAF-BEETLES.

. Breeding oji Leaves of Plants.

Cassida nebulosa Linn 124 Monoxia consputa Lee 127

Monoxia puncticollis Say 127

Breeding on Roots of Plants

.

Colaspis brunnea Fabr 125 Diabrotica vittata Fabr 126

Diabrotica i2-punctata Oliv 125 D. longicornis Say 127

FLEA-BEETLES.

Ih'eeding on Leaves of Plants.

Disonycha crenicollis Say 115 Disonycha xanthomelasna Dalm 116

D. triangularis Say 115 D. cervicalis Lee 117

Breeding on Boots of Blanls.

Crepidodera atriventris Melsh 117 Systena frontalis Fabr 120

Epitrix cucumeris Harr 117 S. tseniata Melsh 120

E. brevis Schwarz 118 Longitarsus melanurus Melsh 122

Chcetocnema denticulata 111 118 Glyptina brunnea Horn 122

C. puliearia Melsh 118 Phyllotreta vittata Fabr 123

C. confinis Cr 119 P. decipiens Horn 123

Systena hudsonias Forst 119 P. albionica Lee 123

L.eaf-mining Plea-beetles.

Psylliodes punctulata Melsh 124 Psylliodes convexior Lee 124

Blister-beetles {Meloidcc).

Megetra vittata Lee i39 Epicauta cinerea Forst 140

Macrobasis unicolor Kirby 139 E. marginata Fabr 141

Epicauta maculata Say 139 E. pennsylvanica DeG 141

E. vittata Fabr 140 Cantharis nuttalli Say 142

E. vittata lemniseata Fabr 140

Snout-beetles {BhyneJiofhora )

.

Leaf-eating Snoitt-bectles.

Epicaerus imbricatus Say 143 Tanymecus confertus Gyll 145

Otiorhynchus suleatus Fabr 144 Apion sp 145

O. singularis Mann 144

Stem-eating Snout-beetles.

Centrinus penieellus Hbst 145 Centrinus perseitus Hbst 145

OBnER LLiPID c )PTE R.4

.

The Cigar-Case-bearer.

Coleophora fletcherella Fern i4<^

Leaf-rollers {Tortrieidtc, Pyranstidte).

Tortrieida:', spp 106 Phlyeticnia ferrugalis Walk 105
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Garden Web-worms {Loxosleg^c. llelliila).

Loxostege similalis Guen 108 Hellula undalis Fabr m
L. sticticalis Linn 109

Cutworms.

Carneades messoria Harr 102 Noctua c-nigrum Linn 103
Chorizagrotis agrestis Grote 102 Agrotis ypsilon Rott 104
Noctua piecta Linn 104

Exposed Smooth Caterpillars.

Leucania unipuncta Haw 147 Mamestra sp 151
Prodenia ornithogalli Guen 148 Peridroma incivis Guen 151
Laphygma frugiperda S. & A 149 Plusia brassiere Riley 152
L. flavimaculata Harv 150 P. simplex Guen 153
Mamestra trifolii Rott 151 Copidryas gloveri G. & R 154
Mamestra picta Harr 153 Deilephila lineata Fabr 155

Woolly Bears {Arctiidic).

Spilosoma virginica Fabr 156 Leucarctia acrsea Dru 156
Pyrrharctia Isabella Abb 156

ORDER DIPTERA.

The Beet Leaf-miners

Cbortophila floccosa Macq 59 Pegomyia vicina Lintn 59
C. betarum Lintn 59
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ECONOMIC BIBLIOGRAPHY.

LiNTNER, J. A.—Notice of some Anthomyians mining Beet Leaves. (Ninth Ann.

Rep. on the Injurious and other Insects of the State of New York, pp 203-211.)

Account of injury in vegetable garden at Middleburg, N. Y., in summer of i88i.

Method of feeding, notes on life history, and description of immature stages given.

Three species of adults bred from the larvae: Pliorhia (=C/ioi-tophila)Jloccosa, C.

belaritni n. sp., and Pegomyia vidua n. sp. Similar depredations by these insects

observed at Morrisville, N. Y., and at Bennington, Vt., during this same season.

LiNTNER, J. A.— Insects mining Beet Leaves. (Cultivator and Country Gentleman,

Vol. XLIX ,
Aug. 18, 1884, p 677 )

Answer to a correspondent who sends from Erie, Pa., beet leaves mined by larva?

of AnthoTYiyidcr.. Species not determined. Refers to earlier observations of this

injury to beets. Advises picking off infested leaves

Bruner, L.—Report of the Entomologist. (Rep. Neb. State Bd Agr., pp. 84 130.)

Eficcz7-us imbricalHs briefly treated (p. 117), and list of food plants given, in-

cluding the beet.

1889

Cassidy, James.—Notes on Insects and Insecticides. (Bull. 6, Col. Agr. Exper.

Station, p. 18.)

Systcna mitis {^ziccuiala) reported to injure beets, etc.

1890.

LiNTNER, J. A —Notices of Various Insects. (Sixth Rep State Ent N.Y.,pp 109-155.)

Epicaula viltata extensively treated (p 132), and beets mentioned among food

plants.

Webster, F. M—Notes on Garden Insects. (Insect Life, Vol III
, pp. 148-151.

Subjoined statement also in Trans Ind. Hort Soc , 1890, p 26.)

Reports beets on grounds of the Indiana Experiment Station seriously injured by

Sysiena blatida (^=t(€tiiala).

1891.

Bruner, Lawrence.—Report on Nebraska Insects. Beet Insects. (Bull. No. 23,

U. S. Dept. Agr., Div Ent. pp. 11-18
)

General description of insect injury to beets in Nebraska during summer of 1S90.

Notes use of growing beets for shelter against the sun by many insects not feeding

upon them Insect enemies of sugar beets mostly general weed-feeders, especially
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those infesting tumble-weeds, pigweed, purslane, and other juicy weeds. None found

exclusively injurious to beet. Only very few considered destructive. Those recog-

nized either leaf-feeders or root-borers. Publishes list of sixty-four species with brief

notes upon injuries by each. Advises clean culture, and use of arsenical sprays

except for suctorial insects, and for these the kerosene emulsion.

Bruner, Lawrence. —Notes on Beet Insects. (Insect Life, Vol. III., No. 5, pp.

229, 230 )

Author's abstract of article read at the second annual meeting of the Association

of Economic Entomologists, held at Champaign, 111., Nov. 11-13, 1S90. Consists

mainly of list of sixty-four species found upon either leaves or root of the sugar

beet. Notes fact that most of the common species are usually known as weed-feeding

forms.

Bruner, Lawrence.— Experiments in the Culture of the Sugar Beet in Nebraska.

Insect Enemies. (Bull. No. 16, Neb. Agr. Exper. Station, Vol. IV., Art. i.,

Sugar Beet Series No. II., pp. 55-72; and Fifth Ann. Rep. Neb. Agr. Exper.

Station, pp. 55-72.)

General article, discussing the garden web-worm, several flea-beetles, blister-

beetles, true bugs, leaf-hoppers, cutworms, and wireworms, giving descriptions, illus-

trations, habits, and life histories of several of them, with description of injuries to

beets and other food plants, and recommendation of remedies.

OsBORN, Herbert, and Gossard, H. A.—Some Insect Enemies of the Sugar Beet.

(Bull. No. 15, Iowa Agr. Exper. Station, Nov. i8gi, pp. 265-272.)

General article, including observations made at Ames, la., with matter compiled

mainly from Bruner. Discusses cutworms, grasshoppers, blister-beetles, flea-beetles

wireworms, true bugs, the clover leaf-hopper, beet lice, and "Insects associated with

rotting in Beets."

Washburn, F. L.—A Sugar-Beet Beetle (Monoxia ^ul(iilala). (Bull. No. 14, Oregon

Agr. Exper. Station, p. 11; Noticed in Bull. No. 26, U. S. Dept. Agr., Div. Ent.,

p. II, and in Bull. No. iS, N. S., p. 95.)

Reported as quite destructive to sugar beets in Oregon. A solution of Paris

green—half a pound to fifty gallons of water—with the addition of three pounds of

whale-oil soap killed the beetles, but six weeks later they were again at work. Double

the above strength of poison was used without injury to the beet leaf.

1892.'

Bruner, Lawrence. —Notes on certain Caterpillars attackiug Sugar Beets. (Bull.

No. 24, Neb. Agr. Exper. Station, Vol. V., Art. II., Sugar Beet Series, No. IV.,

PP- 3-7; Sixth Ann. Rep. Neb. Agr. Exper. Station, App
, pp. 47-51.)

. Description of food plants and natural history of some of the garden web-worms,

with illustrations of luirycrcoti similis (after Riley). Natural and artificial remedies.

Bruner, Lawrence.—Report upon Insect Depredations in Nebraska for 1891. Sugar

Beet Insects. (Bull. No. 26, U. S. Dept. Agr., Div. Ent., pp. 10, 11.)

Adds two species to list of Nebraska beet insects, and two others are reported

from Oregon. Notes abundance of cutworms, which almost destroyed entire crop on

two Experiment Station plats. Observation indicating that fall plowing followed by
spring plowing may prevent injury.
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Nicholson, H. H., and Lloyd, Rachel.—Experiments in the Culture of the Sugar

Beet in Nebraska. (Bull. No. 21, Neb. Agr. Exper. Station, Vol. V., Art. I.,

Sugar Beet Series No. III., p. 15; Sixth Ann. Rep. Neb. Agr. Exper. Station,

App., p. 15.)

Mention of injury to beets by cutworms. Amount of injury as related to previous

crop. Destruction by poisoning.

Shaw, G. W.—Sugar Beet. (Oregon Agr. Exper. Station, Bull. No. 17, p. 15: Bull.

No. 44, p. 36.)

Under " Enemies," Mo>io\ia guttiilata (see Washburn, 1891), Pliyllotreta

decipieyis, and cutworms are reported as injurious.

1893.

Bruner, Lawrence.—Report upon Insect Injuries in Nebraska during the Summer
of 1892. Beet Insects. (Bull. No. 30, U. S. Dept. Agr., Div. Eat., pp. 36-41.)

Describes injuries by Hadronema jnilitayis, blister-beetles, white grubs (Lach-

noslerna), the beet web-worm [Loxostc^e sti'cticah's), the garden web-worm (Loxo-

steg^e sitnilalis), Si7J)ha opaca, and species of Manicstraz.x^^ Antliomyia . Gives also

remedies and preventive measures for blister-beetles and white grubs, and notes on

the life histories of L. stkticalis and Anthomyia.

Bruner, Lawrence.—Something about a few of the Insect Enemies of the Sugar

Beet. (Bull. No. 27, Neb. Agr. Exper. Station, Vol. VI., Art. I., Sugar Beet

Series, No. V., pp. 30-33 )

General preliminary discussion of insects injuring beets in Nebraska, including

I/adro)ic7na tm'iilaris (quite numerous), two or three leaf-hoppers not specified,

white grubs (destroying in one case fully fifteen per cent, of the beets), and two or

more species of web-worms, the injuries and life history of one of which {Loxostege

slicticalis) is briefly summarized. Results of experiments with arsenical and kero-

sene sprays were favorable. Expenses of spraying estimated.

LiNTNER, J. A.—Beet Insects. (Cultivator and Country Gentleman, Vol. LVI., July

16, 1891, p. 577; Ninth Ann. Rep. on the Injurious and other Insects of the State

of New York, pp. 374-376.)

Describes injuries to beet leaves submitted for examination. Infers attack by

tarnished plant-bug, flea-beetles, and leaf-miners. Advises use of kerosene emulsion.

Riley, C. V.—-The Sugar Beet Web-worm. Loxostege sticticalis Linn. (Rep. of

the Eitomologist, in Ann. Rep. Dept. Agr. for 1892, pp. 172-175, PI. VI., Fig. 1-3.)

Account of outbreaks of this insect in Nebraska beet-fields in 1891 and 1892, with

details of its successful treatment with Paris green. Life history given so far as

known; also brief descriptions of egg and larva. Moth and larva contrasted with cor-

responding stages of the "so-called garden web-worm."-

Riley, C. V., and Howard, L. O.—The Sugar Beet Web-worm. (Insect Life, Vol.

v., July, pp. 320-322. Four figures.)

Notes additional to the above, with account of experimental economic measures

for the destruction of the larval cases in fall. Conclusion reached that most of larvse

left undisturbed in beet fields will transform to adults and stock the beet plantations

with their eggs—probably in June. Three generations believed to occur. Recom-

mends application of Paris green solution on first appearance of larvae.
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1894.

Bruner, Lawrence. —Report on Injurious Insects in Nebraska and Adjoining Dis-

tricts. Sugar Beet Insects. (Bull. No. 32, U. S. Dept. Agr., Div. Ent., p. 18.)

Account of "Tanymccus confertiis as a Sugar Beet Enemy."

Howard, L. O.—Completed Life-history of the Sugar Beet Web-worm. (Insect

Life, Vol, VI
, pp. 369-373, Fig. 30, 31.)

Huston, H. A.— Sugar Beets. (Bull. No. 49, Purdue Univ. Agr. Exper. Station,

Vol. v., March.)

Under "Injury from Insects" (p. 33), damage by Epicauta marginala

{=^cincrea) recorded, with note of remedy used.

Piper, C. V. —Small punctured flea-beetle {PsylUodes funclulata). (The Ranch

June 23, 1894.)

Damage to Sugar beets. Remedies.

1895.

Gillette, C. P., and Baker, Carl F.—A Preliminary List of the Hemiptera of

Colorado. (Bull. No. 31, Tech. Ser., No. i, Col. Agr. Exper. Station. 137 pp.)

Record from sugar beets the following species: N'ysius minutus (p. 22), Geo-

coris pallens (p. 24), Lygus pralensis (p. 36), Agallia uhleri{^. 81), Platymetopius

acutus (p. 84), Thamnotettix {=^Eutettix) tenella (p. 100), Gnathodus abdominalis

(p. 104), and Dactylofius solayii? (p. 126); and from "cultivated beet," Tliani'

tiotettix {^Eutcllix) belli (p. 94).

Howard. L. O.—The Beet-Leaf Pegomyia {Pegomyia c't'ct'na L-'inin.). (Insect Life,

Vol. VII., p. 379.)

Account of its injuries in sugar-beet fields in California. Figure.

1S96.

OsBORN, Herbert.—Spraying Mangels for Blister Beetle [Epicauta pennsylvayiica'l

(Bull. No. ^i, Iowa Agr. Coll. Exper. Station^ pp. 597, 598.)

A solution of London purple, one pound to two hundred gallons of water, was

found to be a very satisfactory spray, costing about one dollar an acre. When sugar

beets are attacked by this insect the same treatment, it is said, will be found effective.

Quaintance, a. L.— Insects Affecting the Beet. (Bull. No. 34, Fla. Agr. Exper.

Station, March, 1896, pp. 264-266.)

Brief general account of blister-beetles, cutworms, and wireworms, with refer-

ence to miscellaneous insects affecting the beet.

Sirrine, F. a.—The Spinach Leaf Maggot or Miner, Pegojnyia I'icina. (Fourteenth

Ann. Rep. Bd. of Control, N. Y. Agr. Exper. Station, pp. 625-633, PI. IV.)

General article. Known only to feed on Chcnopodium. beets, and spinach.

1S98.

Chittenden, F. H.—A New Sugar-Beet Beetle. (Bull. No. 18, N. S., U. S. Dept.

Agr., Div. Ent., p. 95.)

Reports serious local injury to sugar beet by .'\ronoxia punclicollis in N. Mex.

Gives correspondent's notes on life history. Principal damage by larva.
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Saunders, D. A.—Four Injurious Insects. (Bull. No. 57, U. S. Exper. Station, S.

Dak., pp. 35-52.)

IJoderma {=Pcntatomd) ulilcri a^nd Epicaula maculata treated. Said to attack

beets; the former new as a beet insect.

Saylor, Chas. F.—Beet-Sugar Industry in the United States. (House Document
396, 55th Congress, 2d Session; Separate Reprint. 72 pp.)

On pp. 224 and 231 are given answers by correspondents in Nebraska, California,

and New Mexico to the question, "What are the obstacles you encounter, including

diseases, insects, etc.?"

Wilcox, E. V.—An Army Cutworm. (Bull. No. 17, Mont. Agr. Exper. Station,

pp. io~i8.)

Description of an excessive outbreak of Chorizagrotis agicslis, with an exten-

sive list of plants attacked, including beets.

1899.

CocKERELL, T. D. A.

—

Megeliit I'itlatu injuring Sugar Beets. (Ent. News, Vol.

X., p. 44 )

Reported by a correspondent in New Mexico. Comment on coloration of the two

specimens sent.

Felt, E. P.— Notes of the Year for New York. (Bull. No. 20, N. S., U. S. Dept.

Agr., Div. Ent., p. 60.)

Reports injury by Systoia J'ro>Ua/is to sugar beets in N. Y. Insect killed by

spraying with Paris green.

Gillette, C. P.—The Sugar-Beet Caterpillar. (Special Press Bulletin, Col. Agr.

Exper. Station, Aug. 19, 1899.)

Injuries to sugar beets in Colorado by Laphygma Jlavi'maculata reported.

Spraying with Paris green recommended.

Pettit, Rufus H.—Some Insects of the Year 189S. 13. Leaf-miner in Sugar-Beet.

(Bull. 175, Mich. State Agr. Coll. Exper. Station, pp. 356, 357, Fig. 14.)

Pcgomyia vicina reported mining sugar-beet leaves in Michigan. Imago figured.

Stone, J. L.— Sugar-Beet Investigations for i8g8. Part I. Observations and Con-

clusions based upon a Study of Field Conditions. (Bull. 166, Cornell Univ. Agr.

Exper. Station, March, pp. 419-438.)

"Enemies of the Beet Crop" (p. 425): Sysicna t(cniata, S. hiidsoniasi, and

Pegomyia vicitta reported as common beet-feeders, but no considerable damage done.

1900.

Chittenden, F. H.—The Pale-striped Flea-beetle {Sysicna blatida Mels.). (Bull.

No. 23, N. S., U. S. Dept. Agr., Div. Knt., pp. 22-29.)

Detailed account of this species as an enemy of cultivated plants, including

sugar beets.

DoANE, R. W.—A New Sugar Beet Insect, and other Insects attacking the Beet.

(Bull. No. 42, Wash. State Agr. Exper. Station. 14 pp., 4 figures.)

Detailed account of the beet aphis {Pempliigas hclw) and its injuries to sugar

beets; also brief treatment of flea-beetles,—especially Psylliodcs pumttda/a,—and

of cutworms,—in particular (.'arueadcs messorta,—as beet insects.
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DoANE, R. W.— Notes on a New Sugar-Beet Pest, with a Description of the Species.

(Ent. News, Vol. XL, No. 3, pp. 390, 391 )

Description of Pemfhigus hehc, with note of extent and character of its injuries

to the sugar beet in Washington State, and a brief account of its life history.

Gillette, C. P.—The Beet Army Worm [Laphygma fJavimaculata). (The Sugar

Beet, July, 1900, p. 103*; Twelfth Ann. Rep. Col. Agr, Exper. Station, p. 39

—

briefer account of same outbreak.)

Account of injuries to beets in Colorado in August, iSgg. Many acres com-

pletely stripped of foliage; body of the beet also injured. Items of life history given.

Arsenical poisons tested successfully. Arsenate of lead preferred. One pound to a

hundred gallons of water used without injury to beets. Occurrence of insect reported

at %'arious Colorado points and at Lehi, Utah. Figure of injured beets.

* Received after the paragraphs on this species (in preceding article) were in type.

Errata.—On page 75, under Kutettix tenella Uhl., the synonym Thamnotetlix

tenella Uhl. should have been placed; and on page 113 the foot-note citation should

be to page 53. YeWow-back, line i, page 116, should read yellow- Wac/t.

All the figures of the plates except Fig. i, Plate III., and Figures 29, 31, 58, 65,

72, 84, and 85 in the text, drawn by the Artist of the State Laboratory of Natural

History, Miss L. M. Hart, are published in this paper for the first time. Figures

18-21, 27, 28, 30, 39-41, 45, 49, 53, 55, 56, 60, 69-71, 73, 74, 76, Si, 86, 88, and 89-97

have all been published in the Reports of the State Entomologist of Illinois.

Additional Errata.

Page 75, line 6 from bottom, for "M<? next species" read Phlepsius

irroratus.

Page 78, line 15 from bottom, for Aletra read Alebra

Page 115, last paragraph, dele third sentence.

Page 128, line 15 from bottom, for Pezotettix read Mclanoplus.

Page 131, line 14, iox femorale read nemorale.

Page 149, line 8 from bottom, for none read one.
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Plate I.

Fig. I. Stobcra trica)huita.

Fig. 2. Liburnia piiella.

Fig. 3. Liburnia ornata.

Delphacine Leaf-hoppers.
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Plate II.

l,vV^

Fig. I. Cicadula scxnolala. Fig. 2. Dcltocf/^hal/ts nigrifrons.

' /

It:

,iai^-

Fig. 3. E)npoasca mali. Fig. 4. F.rnfoasca Jlavesccyis.

Green Leaf-hoppers.
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Plate III.

r

/-

d' b.

Fig. I. The Grape Leaf-hoppers, Typhlocylnt. Leaf showing effect of injury,

and, on under side, the cast skins and the young; at left, young of different ages; at

right, adults of T. vuhierala (upper) and T. comes (lower). (Lugger.)

Fig. 2. J'hlcpsius irroratiis. Fig. J. The False Flea-hopper, Agal-

lia stcs a ssoci'a tus

.
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Plate IV.

Fig. I. The Green Lfaf-bug, Macroco/cus chlofiofiis.

Fig 2. The Three-spotted Flea-beetle, />/s<>>/yt//a t)'ia?i^ularis.
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Plate V.

Fig. I Larva, dorsal view.

Fig. 2. Larva, side view. P'ig 3. Face of larva.

Fig 4. Pupa.

^^^^^^H^^^!?^^^^

Fig. 5. Adult. Fig. 6. Eggs on leaf.

Thh Yellow- Black Flea beetle, Disonvcha xanthomel.kna.



Plate VI.

Fig. I. Beet-leaf riddled by the Yellow-Black Fieabeetle, Z^/i'o«\T//a xaulhomehcna.
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Plate VII.

Fig. I. lipilrix b)(-,'i>

Fig. 2. Cilyptiua brioinca.

Fle.\-beetles.
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Plate VIII.

Fig. I. The Smart weed Flea-beetle, Svs/cua hndsonias.

Fig. 2. The Red-headed Flea-beetle, Sysleua f'>-o>itaHs,

Flea-beetles, Systena.
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Plate IX.

/

Fig. I. The Grape-vine Colaspis, Co/aspis brinnua

.

Fig. 2 The Muck Bsetle, /j\<ry)-us g^ihbosiis.



INDEX.

abdominalis, Giiathodus, 67, 7G.

Acacia, 13.

Acantliocei'os galeator destructive to Or-

ange, 96.

general description and distribution

of, and plants found on, 97.

hibernation of, 97.

Achilkva lanulosa infested by Beet Aphis,

1.j9.

.\chyrantes, Myzus achyrantes on, S2.

achyrantes, Myzus, 82.

aerjea, I.euearctia, 146, 156.

Acrididse and Locustida?, distinctions be-

tween. 128, 129, 130.

Aoridium alutaceum, 132.

emargiuatum, 132.

Acutalis calva, distribution, general de-

scription, and food plants of, 80.

acutus. I'latynietopius, 66, 72.

Adams, ('. C, 84.

cv<iuale, Spharagenion, 132.

Agallia, 04.

general description of adults of species

of. 04, 65.

no\ell.i. description of adult of, O.j.

of nymphs of, 66.

on distribution, life history, and
food plants of, 09.

nymphs of, 05.

punctata, OS.

4-punctata, 09, 70.

descrii)tion of nymph of, 65.

on distribution, life history, food
plants, and habits of, ijS.

sanguiiiolcnta. description of adult of,

05.

of nymph of. 66.

eggs of, 70.

DM distribution, life history, and
food plants of, <i9, 70.

nhliTi. description of adult of. 05.

plants found on, 70.

Agalliastes associatus, 87. 88. See Flea-

hopper, False.

bra<-tatus, 88.

Agathis exoratus as parasite of Common
Garden Web-worm, 109.

agrestis, Chorizagrotis, 102.

Agricultural procedure as measure against
injury to Beet by leaf-beetles, 113.

Agrotis, 100.

ypsilon, 102, 104. See Cutworm, Greasy,
albionica, Phyllotreta, 114, 123.

albopicta, Enipoa, 77. . '

albostriella. Aletra, 78.

album, Chenopodium, 52, 60, 110, 124.

Alder, 13.

Alebra albostriell.a' bred from Basswood
and occurring on Pear and Cherry, 78.

Alfalfa, Agallia nhleri on, 70.

Corlzus lateralis on, 97.

injured by Pale-striped Flea-beetle,

121.

Thamnotettix belli on, 76.

Allygus, 76.

irroratus, 70.

Almond, 13.

alutacea, Schistocerca, 130, 132.

alutaceum, Acridium, 132.

Amarantus, 52.

as food plant of Striped Blister-beetle,

140.

of Three-spotted Flea-beetle, 115..

of Agallia sanguinolenta, 70.

Beet Web-worm on, 110.

Common Garden Web-worm on, 108,

109.

Garden Flea-hopper on, 88.

infested by Hadronema militaris, 93.

by Melon Aphis, 81.

by Myzus achyrantes, 83.

by Pigweed Bug, 85.

Large-eyed Purslane Bug on, 95.,

reflexus, eggs of &ilse Chinch-bug on
blossoms of, 96.

Ambrosia infested by San Jose Scale, 42:.

triflda infested by Aphis niiddletonii,.

161.

Amelanchier infested by San Jose Scale, o-..

Anasa tristis, 97.

Anemone as food plant of Common Gray
Blister-beetle, 139.



angustatus. N.vsius, !>4, 05.

Ants, 80. 81, 82.

Aphellnus diaspklis. 44.

mytylaspidis, 44.

Aphididse, 80, lo9.

Aphis atriplicis, jj;('Ihm;i1 (Ifsn-iption and

food plants of, 82.

Beet, 1.59-iRl. bee under Beet Aphis.

Ciu'uniber. 81. See Aphis, Melon,

cuouniei'is, SI.

gossypii. 81. See Aphis, Melon.

Melon, color of eggs and wingless in-

dividuals of, 81.

distribution and food plants of, 81.

migration of, 82.

middletonii, SO, 159.

associated with ants, 161.

food plants and range of, 161.

general description of, 161.

note on life history of, 161.

sp. on Sugar Beet, general description

of, 82.

Apiou sp. on Sugar Beet, 143, 145.

Apple, 13.

Agallia novella on, 69.

as food plant of Beet Army-worm, 150.

of Imbricated Snout-beetle, 143.

of Zebra-caterpillar, 153.

CicaduUi 6-notata on, 77.

Empoasca flavescens on, 78.

var. birdii on, 79.

obtusa bred on, 78.

grafts injured by False Ohinch-bug,

96.

infested by San Jose Scale, 3, 4.

injured by Cigar Case-bearer, 146.

by Empoasca mali, 78.

by Greasy Cutworm, 104.

by Mealy Flata. 84.

Phlepsius irroratus on, 76.

Platymetopius acutus on, 73.

Typhlocyba rosis on, 78.

Apples, ripe, as food of Striped Cucum-
ber Beetle, 126.

Apricot, 3, 13.

infested by Common Red Spider, 59.

by San Jose Scale. 19.

Arctildse, 156.

arenarius, Emblethis, 94.

Army-Cutworm as beet Insect, 51.

injurious to beets; general descrip-

tion of, 102. See Cutworm, West-
ern Army,

-worm, 102, 103, 146.

as beet insect, 51.

Beet, 51, 146. See Beet Army-worm.
Fall, 149. See Common Grass-

worm,
general description, food habits,

oviposition, and life history of,

147.

parasites of and measures against,

148.

Arrowleaf as food plant of Striped Blis-

ter-beetle, 140.

Arsenic, white, and sal-soda for beet in-

sects, 54.

Arsenical insecticides for Beet Army-
worm, 151.

for blister-beetles, 1.38.

for leaf-eating beet insects, 53.

for snout-beetles, 143.

poisons, 53, 64, 81, 107, 13^.

application of, 53, 55.

spray for garden web-worms. 107.

for leaf-beetles, 113.

Artemisia tridentata, Thamnotettix bel-

li on, 76.

Ash-colored Blister-beetle, range and in-

juries of, 140.

Ash leaves as food of June-beetles, 165.

Ashmead, AV. H., on Eutottix seminuda,
75.

on new species of Macrocoleus,

90.

Asparagus as food plant of Cotton Cut-

worm, 148.

of Zebra-caterpillar, 153.

Aspid lotus forbesi, 20.

obscurus infested by Siih.trostilbe

coccophila, 31.

perniciosus, 1-47. See under San Jose

Scale,

associatus, Agalliastes, 87, 88.

Aster as food plant of Zebra-caterpillar,

153.

infested by Aphis middletonii, 101.

injured by Margined Blister-beetle,

141.

Astragalus injured by Common Gray Blis-

ter-beetle, 139.

Athysanus sp. on Beet, 75.

atlanis, Melanoplus, 131, 133. 1.34.

Atriplex canescens infested by Dacty-

lopius solani, 161.

infested by Aphis atriplicis. 82.

alriplicis. Aphis, 82.

atriventris, Crepidodera. 114, 117.

avicnlare, Polygonum, 1.59.

B

Baker, C. F., and Gillette, C. P., He-
miptera of Colorado cited, 70. See also

Gillette and Baker,

barbata, Hypostena, 117.

Barley, Corizus lateralis on, 97.

Gnathodus abdominalis on, 76.

Basswood, 13.

Alebra albostriella on, 78.

infested by Phlepsius irroratus, 76.

Bean as food plant of Black Blister-

beetle, 141.

of Imbricated Snout-beetle. 143.

of Striped Cucumber Beetle, 12G.

of Zebra-caterpillar, 153.



Ill

Bean

—

Continued.

Enipoasca flavescens, var. birdii on, 79.

Empoasca mall on, 78.

infested by Melon Aphis, 81.

injured by Common Gray Blister-bee-

tle. 139.

by Common Ked Spider, 58.

by Garden Flea-hopper, 88.

by Grape-vine Colaspis, 12.'5.

by Margined Blister-beetle, 141.

by Nuttall's Blister-beetle, 142.

by rale-striped Flea-beetle. 121.

Lima, destroyed by AVestern Green
Stink-bug. 99.

Bee-plant infested by Western Cabbage
Flea-beetle, 123.

Bees parasitized by larva? of blister-bee-

tles, 138.

Beet Aphis. liS9-!6l.

agricultural procedure as preventive

measures against, Kil.

character of injury by. ICO.

destructive to Sugar Beet, 1.59.

mode of reproduction of, 16(i.

plants infested by, 159.

wingless and winged forms of, de-

scribed, IW).

Army-worm, 146.

crops destroyed by, life history of,

and measures against, 150, 151.

Carrion-beetle. 130. 1.37. See Carrion-

beetle, Beet,

insects, economic bibliograi)hy of,

170-175.

technical list of species of, 166-169.

Leaf-worm. Green. 140. 151.

food habits, range, and life history

of, 1.52.

Tortoise-beetle, European, food plants,

life history, and general description

of, 124. 125.

Web-worm, 109-111. See under Web-
worm, Beet.

(See also Sugar Beet.)

Beetle, Common Cucumber, general de-

scription of, 115. See under Striped
Cucumber Beetle.

Beetles, characterization of injury to

beets by, .56.

cucumber, <-haracterization of injury

by, 11.!.

other leaf-eating, 136, 137.

predaceous, as enemies of cutworms,
101.

belli, Thamnotettix, 70.

betse, remi)higus, 52, 80, 1.59.

betarum. (^hortophila, 59.

Bidens as food plant of Common Negro
Bug. ItiO.

Bigelovia. Nysius minutus on, 95.

bimaculatus, Tetrauychus, 58.

Birch, 13.

Eutettix seminuda on, 75.

Birds as enemies of cutworms, 101.

Bisulphide of carbon for root-lice and
wireworms, 53.

bituberosa, Silpha, 137.

bivittatus, Melanoplus, 130.

bivulnerus, Chllocorus, 43, 44.

Black Blister-beetle, range and injuries
of, 141.

Cherry, Wild, Eutettix seminuda on,

75.

Locust defoliated by Ash-colored Blis-

ter-beetle, 140.

injured by Common Gray Blister-

beetle, 1.39.

Nightshade, Epitrix brevis on. 118.

Vine-weevil in United States and Eu-
rope, injuries, oviposition, life his-

tory, and capture of. 144.

Walnut. 13.

Empoasca mali on, 78.

-winged Grasshopper, general descrip-

tion of, 1.30. 131.

Blackben-y, 13.

Acanthoceros galeator on, 97.

as food plant of Imbricated Snout-
beetle, 143.

infested by Oncometopia undata, 71.

by San Jose Scale, 22.

by stink-bugs, 97.

injured by Tale-striped Flea-beetle,
121.

Mealy Flata, feeding on, 84.

blanda Systena, 120.

Blister-beetle, Ash-colored, range and in-

juries of, 140.

Black, range and injuries of, 141.

Common Gray, range, injuries, and
life history of, 139.

Margined, color and food plants of,

141.

Nuttall's, color, distribution, food, hab-
its and destruction of, 142.

Spotted, range and food plants of, 1.39.

Striped, range, injuries, and life his-

tory of, 140.

Blister-beetles, 137-142.

as beet insects, 50, 52, 55.

distinction of species of. 138.

general description of and injuries by,
138.

grasshoppers' eggs as food of. 138.

larvae of, as parasites of bees, 138.

measures against, 55, 1,38.

oviposition and hibernation of, 1.38.

Blue-grass, Agallia novella on, 69.

as food plant of Agallia sanguino-
lenta, 70.

Cha?tocnenui pulicaria on, 118.

Cicadula 6-notata on, 77.

eggs of Deltocephalus inimicus in

blades of, 74.

Guathodus impictus on, 76.

infested by Common Negro-bug, 100.



IV

Boiipsct, A^Mlliii 4-piiiK-t;\Ia mi. U8.

Bordeaux mixture as medium for eonvey-

iiig arseiiieal insecticides, 53, 113.

Boston Smilax injured by Common Red

Spider, 58.

Botis harveyana, 105.

posticata, 108.

Box-elder, Mealy Flata on, 84.

Braoonidse, 117.

bractatus, Agalliastes, 88.

Capsus, 88.

Bran mash, poisoned, for cutworms, 54,

101.

brassicai, I'lusia, 140. 1.52.

Braucher, R. W.. 3, 5. 7. 0, Hi. 17, 18, 20,

21, 22, 23, 24, 25, 29.

brevis, Kpitrix, 114, 118.

Broom-corn injured by Chsetocnema den-

ticulata. 118.

by Common Grass-worm, 140.

by Corn Flea-beetle, 118.

Brugmansia injured by Common Kctl

Spider, 58.

brunnea, Colaspis, 115, 125.

Glyptina, 114, 122.

Brunella vulgaris Infested by Smartwecd
Flea-beetle, 119.

Bruner, Lawrence, 57, 07, 70, 78, 82,

85, 94.

on Aoanthoceros galeator, 9(5. 97.

on Allygus sp.. 70.

on Beet Carrion-Beetle. 130.

on Beet Web-worm, 110.

on Black-winged Grasshopper. 131.

on cutworm injury to Beet, 51.

on Disonycha cervicalis, 117.

on Garden Mamestra. 151.

on injuries by Muck Beetle. 165.

on insects found on Sugar Beet,

145.

on Mamestra sp. on beets. 151.

on occ\irrence of Athysanns sii. on

Beet, 75.

on outbreak of Spliragisticns neb-

ulosus, 94.

on I'urslane-sphinx, 155.

on Western Cabbage Flea-beello.

12:'..

Buckeye, I'igweed-bng feeding on. 85.

Buckwheat, Acutalis calva on, 80.

as food plant of Strii>ed Blister-bee-

tle, 140.

of Zebra-caterpillar. 153.

Corizus lateralis on, 97.

Crepidodera atriventris on, 117.

Deltocephalus inimicus on, 74.

infested by moth of Common Garden
Web-worm, 108.

injured by Grape-vine Colaspis. 125.

Bugs, French, 115, 127. See under French

Bugs.
buUatus, Geocoris, 94.

r.ullclin Cdloi'adii Agriculi\iral lOxperi-

ment Station cited. 54. 04. 95.

Illinois Agricultural Experiment Sta-

tion cited, 13, 49.

Maryland Agricultural Experiment
Station cited, 2(>.

Montana Agricultural Experiment Sta-

tion cited, 102.

South Dakota Agricultural Experiment
Station cited, 97.

U. S. Department of Agriculture. Di-

vision of Entomology, cited. 44. 75,

84, 88. 94, 111. 122, 128, 149.

Washington State Agricultural Experi-

ment Station cited. 102, 1.59.

Bulrushes, eggs of Diedrocephala uiol-

lipes deposited in tissue of. 72.

Burdock as food plant of Zebra-caterpil-

lar. 1.53.

infested by Melon Ai)his. 81.

Burning rubbish as measure against False

Chinch-bng, 06.

as measure against Tarnished

I'lant-bug. 91.

to prevent insect injury ti> P.cet,

53, 86.

vegetation as measure against Diedro-

cephala mollipes, 72.

Burrill, T. .1., 5.

Bythoscopus siccifolius, (>9.

Cabbage. Agallia 4-punil.\ta on. OS.

as food plant of Agallia sanguino-

lenta. 7(i.

of Black Blister-beetle. 141.

of Cotton Cutworm, 148.

(jf (Jarden Mamestra, 151.

of Imbricated Snout-beetle. 143.

of Striped Blister-I)eetle, 140.

of Zebra-caterpillar. 1.53.

destroyed by Cabbage Flea-beetle. 123.

l)y Inii)orted tJarden AVeb-worm,

106. Ill, 112.

by Spotted Cutworm, 103.

by Western Green Stink-ling. 97.

I'lea-beetle, general description, in-

juries, and life history of. 123.

Western, general description .-uid

injuries of, 123.

injured by Cabbage Plusia, 152.

by False Chinch-bng, 96.

by Potato Flea-beetle. 117.

I'lnsia, 1.52. See Plusia, Cabbage.

Calla infested by Common Bed Sidder. .59.

Calocoris r.-ipidus, gener;il description of,

87. 92.

Calosoma as enemy of cutwornis. lot.

Calva acutalis, ,S().

C'anii)ylacantha, i:'><t.

olivacea, distribution and food plant.s

of, 130, 135.



canesceus. Atriplex. liil.

Sisymbrium. 7(i.

Cantliaris nuttalli, general description of,

139. See uiuler Blister-beetle. Nut-

tail's.

• aiisida'. 80.

how to (listiujiuish from L.vgiTeid?e. S7.

Capsus brar-tatiis, 88.

chlorionis, 90.

Carboleum for San Jose Scale, -tl.

Carneades messoria, 5(i.

character of injury to beets by.

and measures against. Iii2.

Carolina, Dissosteira, 130, 131.

Carrion-beetle. Beet, general description

and life history of, 137.

bistor.v of and injur.v b.v. 1.30.

Carrot as food idant of Black Blister-bee-

tle, 141.

of Muck Beetle, 105.

of Striped Blister-beetle. 140.

of Zebra-caterpillar. ir)3.

injured by I'ale-striped Flea-beetle.

121.

Cassia marilandica, eggs of Imbricated
Snout-l>eetle df^posited on, 144.

Cassida nebulosa. 124. See European
Beet-Tortoise-beetle.

Castor-oil plant injured by ('umnion Red
Spider, 58.

Catalpa. 13.

Caterpillar-hunter as enem.v of cutworms,
101.

Caterpillars, characterization uf iniury to

beets b.v, 5(>.

expcsed leaf-eaiing. \Ab-\M.

species of, which feed upon
Beet, 145.'

Catnip a.s food plant of Smartweed Flea-

beetle, 119.

Greeu Plata on, 84.

Cauliflower as food plant of Zebra-cater-

pillar, .153.

infested by "Western Cabbage Flea-

beetle, 123.

Cedar, Red, Agallia uovella on, 69.

Celery as food plant of Agallia sauguino-

lenta, 70,

of Cabbage Thisia, 152.

of Cicadula 6-notata, 77.

of Noctua plecta, 105.

of Zebra-caterpillar, 153.

destroyed by Celery Plusia, 153.

Deltocephalus iuimicus on, 74.

infested by Greenhouse Loaf-roller,

100.

by Longitarsus nielanurus. 122.

b.v I'latymetopius acutus, 7.">.

injured by Empoasca mall, 78.

by Potato Flea-beetle, 117.

Phlepsius irroratus on, 70.

I'lusia, distribution and life history of,

153.

Celery Plusia.— Conf in ued.

larva of. distinguished from Cab-

bage Plusia, 153.

Cellar bugs, 137.

Centrinus penicellus, general description

of and injuries b.v, 143, 145.

perscitus, general description, injuries,

and range of, 143, 145.

cervicalis, Disonycha, 114, 117.

/Cliajtoeuema, concerning life history of,

114.

confinis. 114, 119. See under Flea-

beetle. Sweet Potato,

denticulata, 114.

general appearance, food plants,

hibernation, and range of, 118.

pulicaria, 114, 118. See under Flea-

beetle, Corn.

(;henopodiacea?, Agallia 4-punctata on, 68.

as food plants of European Beet-Tor-

toise-beetle, 124.

infested by Aphis atriplicis, 82.

ehenopodii. Mamestra, 151.

Chenopodium album, 52.

as food plant of Beet leaf-miners,

00.

of Beet Web-worm, 110.

of European Beet-Tortoise-

beetle. 124.

as food plant of Agallia sanguinoleta, 70.

of Pale-striped Flea-beetle. 122.

of Silpha bituberosa, 137.

of Spotted Blister-beetle, 139.

infested b.v Aphis atriplicis, 82.

by Large-eyed Purslane Bug, 95.

by Melon Aphis. 81.

Cherry, 13.

Alebra albostriella on. 78.

as food plant of Common Gray Blis-

ter-beetle. 139.

of Imbricated Snout-beetle. 143.

infested by San Jose Scale, 4, 5.

Rocky Mountain, infested by San Jose
Scale, 5, 17.

T.vphlocyba rosse on, 78.

Wild Black. Eutettix seminuda on. 75.

Chestnut, 13.

Chickweed as food plant of Purslane-
sphinx, 155.

of Yellow-Black Flea-Beetle, 116.

Chicory as food plant of Noctua plecta,

105.

Chiloeorus bivulnerus, 43, 44,

Chinch-bug as food of Common Flower
Bug. 80.

False, 94.

injuries, life history, and measures
against, 95, 96.

Sporotrichum for. 30.

Chionaspis furfurus, 20.

Chit tendon, F. H., description of eggs of

Pale-striped Flea-beetle, cited,

122.



Chittenden, F. U.— CoHtinued.

on Comiuou Grass-worm. 149.

on eggs of Pale-striped Floa-

beetle, 121.

on Garden Floa-liopper, 88, 89.

cblorionis, Capsns. 90.

Macroeoleus, 87, 90.

Chlorochroa conica, general description,

oviposition, food plants, and life history

of, 83, 84, 85.

Chorizagrotis agrcstis, 102. Soo Cnt-

worni. Western Army,
as beet insect, ~>1.

chortalis. Loxostege, 107.

Cbortophila betarnni, injnry to beets l)y,

59.

floccosa, injnry to beets b.y. 59.

Chrysanthemnm as food plant of Common
Gray Blister-beetle, 139.

injnred b.y Common Flower Bug, 86.

by Garden Flea-hopper, 88.

Chrysomelidpp, 112.

Cicadula nigrifrons, 75.

4-lineata, 77.

6-notata, general description of, 67, 77.

distribution, food plants, and life

history of, 77.

Cigar Case-bearer, range and injuries of,

146.

cinerea, Epicauta, 138, 140.

marginata, Epicauta, 141.

Piesma, 85.

Clay-colored Weevil, occurrence and in-

juries of, 144, 145.

Clean culture as measure against False

Chinch-bug. 90.

as measure against Pigweed Bug, 86.

as protection against insect injury

to the Beet, 52. 63.

Clematis as food plant of Striped Blis-

ter-beetle, 140.

Platymetopins acutus on, 73.

Cleome as food plant of Beet Arm.y-worm,
150.

integrifolia infested by Western Cab-
bage Flea-beetle, 123.

Click-beetles,' 103. See Wireworms.
Clivina impressifrons, injuries b.y, 136.

Clover, 122.

and timothy fields, upland, preferred

by Larger Meadow Grasshopper, 135.

as food plant of Cabbage Plusia, 152.

of Spotted Blister-beetle, 139.

of Zebra-caterpillar, 153.

blossoms punctured by Common Flow-
er Bug, 80.

destroyed by Agallia sanguinolenta,

70.

Infested by Garden Plea-hopper, 88.

by Nectarophora pisi, 83.

Injured by Common Gray Blister-bee-

tle, 139.

by Empoasca mali, 78.

Clover injured— Uonfinued.

by Fnroitean Beet-Tortoise-beetle,

125.

by I*al(<-slriped Flea-beetle, 121.

.Midge larv»» .-is food of Common Flow-
er Bug. 8(!.

Ked, blossoms of, as food of Imbri-

cated Snout-beetle, 143.

infested by Melon Aphis, 81.

iTij\ired by Mealy Flata, 84.

c-nigrum, Xoctua. 102. 103, 105.

Coccidsie, 159.

coccinea, Diedrocephalji. 71.

Coccinellida:^, 113.

coccophila. Sphairostilbe, 30-40, 44.

Cockerell. T. I>. A., on Dactylopius sp.,

101.

on injuries by Megetra vittata,

139.

Cocklebui', 52.

Pale-striped Flea-beetle destructive to,

121.

Tan.vmecus confertus destructive to,

145.

Colaspis brunnea, 125. See under Grape-

vine ('olaspis.

concerning life history of, 114.

Grape-vine, 125. See under Grape-

vine Colaspis.

Coleophora fletcherella, range and injuries

of. 140.

collaris. Dison.vcha. 110.

comes, Typhlocyba, 79.

var. vitis, Typhlocyba, 79.

Common Flower Bug. general description,

food habits, and food plants of, 86.

Garden Web-worm, general descrip-

tion of larva of, 107. See Web-
worm, Common Garden.

Grass-worm, abundance and injuries

of, in 1899. 149. (See Errata. 175.)

contrasted with Army-worm. 150.

food plants and habits of, 149.

range, life history, and parasites

of. 150.

Gray Blister-beetle, range, injuries,

and life history of, 1.39.

Negro-bug, general description, food

plants, and life history of, 99, 100.

Ked-legged Grasshopper, 128, 1.33.

Red Spider, 58. See under Red Spider.

Squash-bug. 97.

Composita;, Agallia 4-punctata on, 08.

as food plants of Striped Cucumber
Beetle. 120.

infested by Ai)his middletonii, 101.

confertus, Tanymccus, 143, 145.

conflnis, Chajtocnoma, 114, 119.

conica, Chlorochroa, 83.

conspnta, Monoxia, 52, 115, 127, 128.

convexior, Psylliodes, 114, 124.

("onvolvnlaceae injured by Sweet-Potato
Flea-beetle, 119.



VII

Copidryas gloveri. 146, 154. See Purs-

lane-caterpillar.

Coquillett, D. W., ou Celery Plusia, 153.

Coreidfe, general description of two spe-

cies of. possibly injurious to Sugar
Beet, 96.

Corimelsena pulicaria, general description,

food plants, and life history of, 99, 100.

CorimelsenidjB, 99.

Coriseus ferus as enemy of larva of beet

leaf-miners, 61.

of leaf-hoppers, 63.

Corizus lateralis, general description, food

plants, distribution, and life history of,

- 96, 97.

Corn, account of injuries to, by wire-

M'orms, cited, 162.

as food plant of Cotton Cutworm, 148.

of Diedrocei)hala mollipes. 71.

of Grape-vine Colaspis, 125.

of Southern Corn Root Worm,
125, 126.

of Striped Blister-beetle, 140.

of Striped Cucumber Beetle, 126.

of Zebra-caterpillar, 153.

Cicadula 6-notata on, 77.

Deltocepbalus inimicus on, 74.

destroyed by Western Green Stink-

bug, 97, 99.

eggs of Diedrocephala mollipes on, 72.

fields as breeding place of Northern
Corn Root Worm, 127.

Flea-beetle, injuries, range, and hiber-

nation of, 118.

Gnathodus abdominalis and G. impic-
tus on, 76.

Green Flata breeding on, 84.

injured by adult and larva of Pale-

striped Flea-beetle, 121, 122.

by Agallia novella, 69.

by Chsetocnema denticulata and C.

pulicaria, 118.

by Common Garden Web-worm,
108.

by Common Grass-worm, 149.

by Common Xegro-bug, 100.

by Corn Flea-beetle, 118.

by Deltocepbalus nigrifrons, 75.

by Empoasca mali, 78.

• by False Chinch-bug, 96.

by Muck Beetle, 165.

by Psylliodes convexior, 124.

by Spotted Cutworm, 103.

by Stobera tricarinata, 67.

by Sweet I'otato Flea-beetle, 119.

leaves and silk as food of Black Blis-

ter-beetle, 141.

Myzus achyrantes on. 83.

Onconietopia uudata on, 71.

Root Worm, Northern, general descrip-

tion of, 127. Sec under North-
ern.

Corn, Root Worm— Continued.

Southern, 125. See under South-
ern,

seed, injured by Clivina impressifrons,
136.

silk injured by Grape-vine Colaspis,

125.

stalks, eggs of Larger Meadow Grass-
hopper deposited in, 185.

eggs of Western Green Stink-bug
laid on, 99.

Sweet, injured by Western Green
Stink-bug, 97.

Cornell University Agricultural Experi-

ment Station, 57.

Cotoneaster, 13.

Coton as food plant of Eutettix semi-
nuda, 75.

Boll-worm, eggs of. eaten by Common
Flower Bug, 86.

Cutworm, 146. See under Cutworm,
destroyed by Cotton Cutworm, 148.

infested by Diedrocephala versuta, 71.

by Melon Aphis, 81.

injured by Pale-striped Flea-beetle,

121.

Cottonwood infested by Empoasca mall,

78.

by Typhlocyba rosse, 78.

Crab-apple, 13.

Cranberry as food plant of Zebra-cater-

pillar, 153.

crenicollis, Disonycha, 114, 115.

^ Crepidodera atriventris taken on Sugar
Beet and Buckwheat. 114, 117.

cribulosus, Melanotus, 162.

Cruciferse, Agallia 4-punctata on, 68.

Cabbage Flea-beetle destructive to,

123.

infested by Western Cabbage Flea-

beetle, 123.

Imported Garden Web-worm destruc-

tive to, 106, 111.

Cucumber as food plant of Imbricated
Snout-beetle, 143.

of Melon Aphis, 81.

of Striped Cucumber Beetle, 126.

Aphis, 81. See Aphis. Melon.
Beetle, Common, general description

of, 115. See under Striped Cucum-
ber Beetle,

beetles, 119.

character of injury by, 113.

Cicadula 6-notata on, 77. •

infested by Common Red Spider. 59.

by Rhubarb Flea-beetle, 124.

Wild. Acanthoceros galeator on, 97.

cucumeris. Aphis, 81.

Epitrix, 117.

Currant, 3, 1:5.

as food plant of Clay-colored Weevil,
145.



VIII

Currant, as food plant — Continued.

of Zebra-cateipillaf, 153.

Flowering, 13.

infested by San Jose Scale, 4, 20, 21.

by Typblocyba rosse, 78.

curtiponnis, Stcnobotbris, 130, 131.

Cutworm, Aruiy, as beet insect, 51.

Cotton, 140.

general description, food plants,

distribution, and life history of,

148, 149.

Dark-sided, 56.

injuries to beets by, 102.

Greasy, 102.

food plant.s and life history of, 104.

Spotted, 102.

food plants, general description

and life history of, 10.3.

Western Army-, 102.

description, hibernation, and
measures against, 103.

distribution of, and devastation
by. 102.

Cutworms as beet insects, 50, 51, 53, 56.

breeding places of, 100.

general discussion of injuries, life his-

tories, and enemies of, with recom-
mendations against, 100-105.

poisoned baits for, 54, 55.

Cyclamen injured by Black Vine-weevil,
144.

Cyclocephala, 105.

Cyperus as food of Southern Corn Root
Worm, 126.

Cypress-vine infested by Common Red
Spider, 59.

D

r>actylopius sp.. 159, Kil.

solani, 161.

Dahlia injnred by Mealy Plata, 84.

tubers as food of Muck Beetle, 165.

Daisy infested by Smartweed Flea-beetle,

119.

I>amsel-bug as enemy of leaf-hoppers, 63.

r»andelion as food i>lant of Cabbage
Plusia, 152.

infested by Melon Aphis, 81.

Dark-sided Cutworm, 50.

Datura infested by Melon Aphis, 81.

Davis, G. C, 73, 70, 77.

on Greenhouse Leaf- roller, 106.

on Longitarsus melannrus, 122.

decipiens, Phyllotreta, 114, 123.

Deep plowing and rolling, effect of, on
Pegomyia vicina. 62.

Deilephila linenta, 140. 155. See Purslane-
sphinx.

Delphaciuitt, 62. See under Ijeaf-hoppers.

description of, 64.

Delphax tricarinata, 67.

Doltocephalus inimicus, 73.

description of, 66, 74.

distribution, food plants, and life

history of, 74.

larva of, infested by red mites, 75.

melsheimeri, food plants and life his-

tory of, 73.

general description of, 60.

nigrifrons, distribution, injuries, and
life histor.v of, 75.

general description of. 06.

two forms of, 75.

denticulata, Cha^tocnema, 114, 118.

Diabrotica, 113, 119.

12-pnnctata, 115, 125. See under
Southern Corn Root Worm,

longicornis, 115, 127. See nnder
Northern Corn Root Worm,

vittata, 115, 126. See Striped Cucum-
ber Beetle,

diaspidis. Aphelinus, 44.

Dicranenra heberi, concerning range, food

plants, and life history of, 77.

general description of, 67, 77, 78.

Diedrocephala, general description of, 64.

coccinea, 71.

mollipes, burning vegetation as meas-
ure against, 72.

description of, 66.

eggs of, 71, 72.

fungus parasite of, 72.

nymphs of, 71.

on distribution, food plants, and
life histor.y of, 71, 72.

versuta, description of, 06.

food plants of, 71.

differentialis, Melanoplus. 130, 132.

Diptera. parasitic. 101, 107, 109, 111, 112,

117.

^NDisonycha cervicalis, 114.

general description and occurrence

of, 117.

collaris, 11(>.

crenicollis, 114, 115. See under Flea-

beetlo, I^arger-striped.

triangularis, 114, 115. See under Flea-

b(>etle, Tliree-Spotted.

xanthomehvna, 117.

general description of. 114. See

Flea-beetle, Yellow-Black.

DIssosteira Carolina, general description

of, 130, 131.

Ditching against Army- worm. 148.

Doane, R. AV., ."7.

A New Sugar-Beet Pest, and
other Insects attacking the

Beet, paper on, cited, 102, 159.

on Beet Aphis, 159, 160.

Dock as food i)lant of Cabbage Plusia,

1.52.

of Smartweed Flea-beetle, 119.

False Chinch-bug taken under leaves

of, 90.



IX

T>oc\i.~Oonfiniied.

infcstPd by Melon Aphis. SI.

Dog-fennel, Cioadula 6-notata on, 77.

DoiTwooil, European, Melon Aphis on, 81.

Drasterius elegans. 162.

12-pnuc-tata. Diabrotica, 11.".. 12.j.

Dusky I^eaf-bug. general description, dis-

tribution, and life history of, 89, 92.

H

Ec-critotarsiis elegans, general description

of, ST.

occurrence of, on Sugar Beet, 90.

Eg.uiilant as food of Potato Flea-beetle,

117.

iuffstcd by Common Red Spider, 59.

injured by Garden Plea-hopper, 88.

by Pale-striped Plea-beetle, 121.

Eggs of Acanthoceros galeator, 97.

of Agallia 4-punctata, 68.

of Agallia sanguinoleuta, 70.

of A))liis atriplicis, S2.

of Ai)his middletonii. 161.

of Army-worm. 147.

I if bees as food of blister-beetles. 138,

139.

of Keet Army-worm, 150.

of Beet Carrion-beetle, 137.

of Beet leaf-miners, 60, 61.

of Beet Web-worm, 110.

of Black Vine-weevil, 144.

of Black-winged Grasshopper. 132.

of blister-beetles. 1.38.

of Cabbage Plusia. 1.52.

of Celery Plusia, 1.53.

of ChiPtocnema denticulata, 118.

of Cicadula 6-notata, 77.

of Common Garden Web-worm, 108.

of Common Gray Blister-beetle, 139.

of Common Red-legged Grasshopper
134.

of Cotton Boll-worm, 86.

of cutworms, 100.

of Deltocephalus inimicus. 74.

of Deltocephalus melsheimeri. 73.

of Deltocephalus uigrifrons, 75.

of Dicraneura tieberi. 77.

of Diedrocephala mollipes. 72.

of Dusky Leaf-bug, 80.

of Empoasca mail, 78.

of European Beet-Tortoise-beetle, 124.

of Palse Chiucli-bug, 96.

of Garden Plea-hopper, 80.

of Grape leaf-hoppers, 70.

of Grape-vine Colaspis, 125.

of grasshoppers. 120.

as food of blister-beetles, 52, 138.

of Greasy Cutworm, 104.

of Green and Mealy Flatas, 84.

of Gypona 8-lineata, 72.

of Imbricated Snout-beetle, 144.

of Imported Garden Web-worm, 112.

Eggs—Continued.
of Larger Meadow Grasshopper, 135.

of leaf-beetles, 114.

of leaf-bugs, 87.

of leaf-hoppers, 63.

of Lubber Grasshopper. 133.

of Melanoplus atlanis, 1.34.

of Melon Aphis, 81, 82.

of Monoxia puncticollis, 128.

of Oncometopia undata. 71.

of Pale-striped Plea-beetle, 122.

of Pegomyia vicina, description of. 61.

of Phlepsius irroratus, 76.

of plant-lice. 81.

of Potato Plea-beetle, 117.

of Purslane-caterpillar, 155.

of Rocky Mountain Grasshopper, 142.

of Smartweed Flea-beetle, 119.

of Striped Blister-beetle, 140.

of Systena, 114.

of Tachina flies, 101.

of Tarnished Plant-bug, 91.

of Two-striped Grasshopper, 133.

of web-worms, 106.

of Western Green Stink-bug, 99.

of white grubs, 164.

of wireworms, 163.

of Yellow-Black Plea-beetle, 116.

of Yellow Grasshopper, 131.

of Zebra-caterpillar, 154.

Elateridse. 161.

Elder twigs, eggs of Larger Meadow
Grasshopper deposited in, 135.

elegans. Drasterius, 162.

Eccritotarsus, 87, 90.

Elm, 1.3.

Cicadula 6-notata on, 77.

Dicraneura fleberi on, 77.

Empoasca mali on, 78.

infested by San Jose Scale, 4.

nymphs of Mealy Plata on, 84.

emarginatum, Acridium, 132.

Emblethis, 93.

arenarius, 94.

griseus, distribution and food plants
of, 94.

general description of, 93.

Empoasca, 67.

albopicta, 77.

flavescens, 78.

distribution, food plants, habits,

and life history of, 79.

general description of, 67, 79.

var. birdii. range and food plants
of, 79.

mali, 79.

food plants and life history of, 78.

general description of, 67, 77.

species likely to be confused with,
78.

obtusa infesting Apple and Willow, 78.

Empusa grylli as parasite of Diedro-
cephala mollipes. 72.



Endive as food plant of Noctua plecta,

105.

English Walnut, 13.

Epicserus imbricatus, general description

of, 143. See Snout-beetle, Imbricated.
Epicauta cinerea, distinctions as to color,

138. See also Blister-beetle,

Ash-colored,

marginata, 141. (—Epicauta cin-

erea marginata.
maculata, general description of, 138.

See also Blister-beetle, Spotted,
marginata, general description of, 138.

See Blister-beetle, Margined,
pennsylvanica, color of, 138. See also

Blister-beetle, Black,
vittata, general description of, 138.

See also Blister-beetle, Striped,
var. lemniscata distinguished, 140.

Epitrix brevis taken on Sugar Beet and
Black Nightshade, 114, 118.

cucumeris, 117. Sec under Flea-
beetle, Potato.

Eragrostis major infested by Emblethis
griseus, 94.

Erigeron infested by Aphis middletonii,
161.

erigerouensis, Nectarophora, 83.

Errata, 175.

Erythroneura sp. as beet insect, 78.

Eupatorium infested by Agallia 4-punc-
tata, U8.

purpureum as food plant of Acutalis
ealva, 80.

Euphorbia, eggs of False Ohinch-bug
under, 96.

European Beet-Tortoise-beetle, food plants,

life history, and general description
of, 124, 125.

Dogwood infested by Melon Aphis, 81.

Eurycreon rantalis, 108.

eurycreontis, Limneria, 109.

Eutettix seuiiiuuhi, general description
of, 06.

distribution, food plants, and life

history of, 75. (See Errata, 175.)

tenella, infesting Sugar Beet, 75. (See
Errata, 17.5.)

Euthoctha galeator, 97.

exoratus, Agathis, 109.

Exorista piste as parasite of Imported
Garden Web-worm, 112.

Fall Army-worm, 149. See Common Grass-
worm,

harrowing for garden web-worms, 107.

plowing to protect beets against injury
by cutworms, 101.

False Chiuch-bug, 94, 95. See Chinch-
bug, False.

Flea-hopper, 87, 88. See Flea-hopper,
False.

Felt, E. P., on injuries by Zebra-cater-
pillar, 153.

femur-rubrum, Melanoplus, 130, 133.

Pezotettix (=femur-rubrum, .Melano-

plus), 128.

Fern injured by Black Vine-weevil, 144.

ferrugalis, Phlyctfenia, 105.

ferns, Coriscus, 61, 63.

Feverfew infested by Common Red
Spider, 59.

fleberi, Dicraneura, 07, 77, 78.

Flatas, Green and Mealy, general descrip-

tion, oviposition, food plants, and
life history of, 83, 84, 85.

or Lantern-flies, 83-&5.

flavescens, Empoasca, 79.

var. birdii, Empoasca, 67.

flavimaculata, Laphygma, 51, 150.

Fleabane and other weeds infested by
Mealy Plata, 84.

infested by Aphis middletonii, 161.

by Smart weed Flea-beetle, 119.

Flea-beetle, Cabbage, general description,

injuries, and life history of, 123.

Corn, injui-ies, range, and hibernation

of, 118.

Larger Striped, description, range, in-

juries, and hibernation of, 115.

Pale-striped, as beet insect, 50, 52, 120.

description of adult, 114.

of larva and eggs of, 122.

distribution and injuries of, 121.

food plants of larva of, 122.

Potato, food plants, life history, and
parasite of, 117 .

Red-headed, general description and
food plants of. and arrest of injury

by, 120.

Rhubarb, general description, food

plants, hibernation, and range of,

124.

Smartweed, general description, dis-

tribution, food plants, and life his-

tory of, 119.

Sweet-Potato, injuries, hibernation,

and range of, 119.

Three-Spotted, description, food plants,

range (See Errata, 175), and hiberna-

tion of, 115.

Western Cabbage, general description

and injuries of, 123.

Yellow-Black, general description of,

114, 110. (See Errata, 175.)

mode of feeding and food plants,

range, life history, and parasite

of, 116, 117.

Flea-beetles as beet insects, 50, 52, 56,

113.

beet, 114.

character of injuries by, 113.

Flea-hopper, False, distribution of, 88.

general description of, 87, 88.

occurrence in beet fields, 88.



Flea-hopper— Vontinued.

Garden, food plants and hibernation

of, 88, 89.

general description of, 87, 88.

Fletcher, Jas.. 57.

on Silpha bitubcrosa, 137.

fletcherella, Coleophora, 146.

floccosa, Ghortophila, 59.

Flower Bug, Common, general description

and food of. 86.

Flowering Cinrant, 13.

Quince, 13.

Flowers injured by Margined Blister-

beetle, 141.

fluviatilis, Scirpus, 72.

Forbes, E. B., 9, 16, 31, 33. 34. 35, 36, 37,

40, 42.

forbesi, Aspidiotus, 20,

Formica schaufussi, 161.

French bugs as beet insects, 52.

general description of, 115.

injuries, range, and life history of

127, 128.

insecticide application for, 128.

French, G. H., on Green Beet-Leaf-worm,
152.

frontalis, Systena, 114, 120.

frugiperda, Laphygraa, 149.

Fruit blossoms as food of Striped Cucum-
ber Beetle, 126.

grafts injured by Pale-striped Flea-

beetle, 121.

-tree leaves, buds, and bark devoured
by Clay-colored Weevil, 145.

Fruits and field crops injured by Greasy
Cutworm, 104.

Fuchsias injured by Common Red Spider,

58.

Fulgoridae, 64.

Fumigation with hydrocyanic acid gas for

San Jose Scale, 25, 26.

Fungus parasite of Diedrocephala mol-
lipes, 72.

of grasshoppers, 129.

of l?an Jose scale, 24, 30-40, 44, 47.

of woolly bears, 158.

furfurus, Chionaspis, 20.

fusiformis. Garganus, 87, 90.

Q
galeator, Acauthoceros, 96, 97.

Euthoctha, 97.

Garden Flea-hopper, food plants and hi-

bernation of, 88, 89.

general description of, 87, 88.

flowers as food of Southern Corn Root
Worm, 126.

Mamestra as beet insect, 51.

general description, food plants, in-

juries, and life history of, 151.

Pea infested by Nectarophora pisi, 83.

pinks as food of Black Blister-beetle,
'

141.

Ga,T6.en— Continued.

produce destroyed by Western Green
Stink-bug, 97.

Web-worm, Common, general descrip-

tion of larva of, 107. See Web-
worm, Common Garden.

Imported, 111. See under Web-
worm,

web-worms, 106-112.

destructive to Beet, 51.

Garganus fusiformis, general description

of, 87.

occurrence on Sugar Beet, 90.

Garman, H., on Bordeaux mixture for

flea-beetles, 113.

on Green Beet-Leaf-worm. 152.

Geocoris, 93.

bullatus, 93, 94, 95.

distribution and food plants of, 95.

pallens on Sugar Beet, 95.

gibbosus, Ligyrus, 50, 165.

Gillette, C. P., and Baker, C. F., 75, 76,

94, 95.

Hemiptera of Colo-

rado cited, 70,94,95.

on Eutettix tenella,

75.

on occurrence of Cori-

zus lateralis, 96.

on Thamnotettix bel-

li, 76.

article on the Typhlocybinse

cited, 78.

on arsenical poisons for beet in-

sects, 53.

on Beet Army-worm, 150, 131,

175.

on Platymetopius acutus, 73.

on Western Cabbage Flea-bee-

tle, 123.

Glassy-winged Soldier-bug as enemy of

leaf-hoppers, 63.

gloveri, Copidryas, 146, 154.

/ Glyptina brunnea, distribution of, 122.

taken on Sugar Beet, 114, 122.

Gnathodus, 66.

abdominalis, general description of,

67, 76.

range and food plants of, 76.

impictus, general description of, 67, 76.

range and food plants of, 76.

Goldenrod as food plant of Striped Cu-
cumber Beetle, 126.

flowers as food of Black Blister-beetle,

141.

Infested by Aphis mlddletonii, 161.

by Smartweed Flea-beetle, 119.

Gooseberry, 3, 13.

as food plant of Imbricated Snout-
beetle, 143.

injured by Mealy Flata, 84.

leaves injured by Red-headed Flea-

beetle, 120.



XII

Gooseberry— Continued.

Typhlocyba rosse on, 78.

gossypii, Aphis, 81.

Grain as food of Chjetocnema denticulata,

118.

fields, Cotnniou Negro-bug abundant
in. 100.

fruit trees, garden vegetables, and
weeds, leaves of, as food of Southern
Corn Root Worm, 126.

injured by Common Grass-worm, 149.

Grains, leaf-hoppers infesting, G7, 68, 71,

76, 77.

Grape, 13.

blossoms injured by Tigweed Bug, 85.

injured by Black Vine-weevil, 144.

by Grape-vine Colaspis, 125.

by Greasy Cutworm, 104.

injury to, by Oneomctopia undata, 71.

leaf-hoppers, distribution, food plants,

and life history of, 79.

general description of, 07, 79.

leaves injured by Red-headed Plea-

beetle, 120.

Typhlocyba rosae on, 78.

Wild, Empoasca mali on, 78.

Grape-vine Colaspis, general description

of beetle of, 115.

range, food, and life history of,

125.

cultivated and wild, injured by species

of Typhlocyba, 79.

injured by Mealy Flata, 84.

by outbreak of Sphragisticus nebu-
losus, Geocoris bullatus, and
Nysius angustatus, 94.

Grape-vines, 'i.

Agallia novella on, GO.

Grass, Conunon Negro-bug on, 100.

eggs of cutworms on, 100.

roots us food of wireworms, 162.

-worm, 51, 146. See Common Grass-

worm.
Grasses devoured by Western Army-Cut-

worm, 102.

infested by Beet Aphis, 159.

by Pigweed Bug, 85.

injured by Chsetocnema denticulata,

118.

leaf-hopi)ers occurring on or injuring,

67, 68, 69, 71. 72, 73, 74, 75, 76, 77, 78.

Grasshopper, Black-winged, general de-

scription of, 130, 131.

Common Red-legged, 128, 133.

general description of, 130.

haunts, htibits. oviposition, and
life history of, 134.

Larger Meadow, oviposition of, and
preferences as to localities and food

plants. 135.

Lubber, or Olive, general description

of, 1.30.

Grasshopper, 'Lu'b'ber—Conii7))ted.

distribution, and deposition of eggs
of, 133.

Rocky ISIountain. 130, 1.33, 1.34.

eggs of, 142.

Two-striped, general description, dis-

tribution, and deposition of eggs of,

130, 1.33.

Yellow, general descrii)lion and hiber-

nation of. 130, 131.

Grasshoppers, 128-136.

as beet insects, 50, 51, 56.

eggs of, as food of blister-beetles, 52,

138.

enemies of, 55, 129.

injuries to beets, 128.

life history of, 129.

meadow, general description of, 131.

smaller, 136.

measures against, 129.

occurring on or injuring Sugar Beet,

128, 130, 131, 132, 133, 135, 1.36.

parasites and other enemies of, 129.

poisoned baits for, 55.

Gray Blister-beetle, Common, range. In-

juries, and life history of, 139.

Greasewood as food plant of Spotted Blis-

ter-beetle 1.39.

Greasj' Cutworm, injuries to beets by,

and general description of, 102. See

Cutworm, Greasy.

Green, E. C, 9, 10, 17, 18, 19, 20, 21, 22,

23, 27, 28, 29.

Green Beet-Leaf-worm, 146, 151. See un-

der Beet-Leaf-worm, Green,
dolphin on Sugar Beet, 83. See Nec-
tarophora pisi.

Flata. 'general description, oviposition,

food plants, and life history of, 83,

84, 85.

Leaf-bug. general description of, 87, 90.

plant-bug as beet insect, 52.

Stink-bug, Western, 97. See Stink-

bug, Western Green.

Greenhouse Leaf-roller, 105. See Leaf-

roller, Greenhouse,

lilants injured by Black Vine-weevil,

144.

Ground-beetles as enemies of Common
Garden Web-worm, 109.

Ground-bug, 95. See Large-eyed Purslane

Bug.
Ground-cherry as food plant of Margined
Blister-beetle, 141.

Ground-squirrel as enemy of cutworms,
101.

grylli. Empusa, 72.

gnttulata, Monoxia, 127.

Gypona, general description of, 64.

8-lineata, descrii)tion of, 66. 72.

distribution and food plants of, 72.



XIII

H

Hackberry injured by Mealy Plata, 84.

Hadronema militaris as a beet insect, 92.

Hairworms as parasites of grasshoppers,

129.

Haltieiis nhleri. food plants and hiberna-

tion of, «8. 89.

general description of, 87.

Hand-picking for cutworms, 54, 101.

for Purslane-sphinx, 1.55.

for snout-beetles, 14.3.

Hapke, Theo., 57.

Hard Maple, 3.

Harvey, F. L., 58.

harvoyana, Botis, 105.

Haw, Red, 13.

Hedge infested by San Jose scale, 7. See
Osage Orange.

Hedge-bog Caterpillar, 146, 156. See un-

der Woolly bears.

Helianthus as food plant of Campyla-
cantha olivacea, 135.

of Margined Blister-beetle, 141.

Heliothis, 148.

Heliotrope infested by Common Red Spi-

der, 59.

Hellula, 106.

uudalis, 106. 107, 111. See under Web-
worm, Imported Garden.

Hemiptera as beet insects, 56, 158.

Hemp infested by Common Red Spider, 58.

Hibiscus militaris as food plant of Red-
headed Flea-beetle, 120.

Hickory, 13.

leaves as food of June-beetles, 165.

Phlepsius irroratus on, 76.

Holden, P. G., 57.

Honey eaten by blister-beetles, 138.

locust, Acutalis calva on, 80.

as food plant of Black Blister-bee-

tle, 141.

defoliated by Ash-colored Blister-

beetle, 140.

injured by Common Gray Blister-

beetle, 139.

Honeysuckle as food plant of Zebra-cat-
erpillar, 153.

Hop, Empoasca flavescens var. birdii on, 79.

infested by Common Red Spider, 59.

Melon Aphis on, 81.

Hopperdozer for grasshoppers, 129.

Horn, G. H., on Beet Carrion-beetle, 136.

Synopsis of the Halticini of

Boreal America, cited, 114.

Hornbeam defoliated by Ash-colored Blis-

ter-beetle, 140.

Horse-chestnut injured by Striped Cu-
cumber Beetle, 127.

Horse-nettle, Corn Flea-beetle on, 118.

infested by Potato Flea-beetle, 117.

by San Jose Scale, 42.

Horseradish, Agallia 4-punctata on, 68.

Horseweed infested by Ajdiis middletonii,"

161.

Hothouse plants infested by Melon Aphis,
81.

Howard, L. O., 57.

on hydrocyanic acid gas for San
Jose Scale, 26.

on life history of beet lc;il"-ini ti-

ers, 61.

Hubbard, H. G., on injuries by Acantlio-

ceros galeator, 97.

hudsonias, Systena, 114, 119.

Hyaloides vitripennis as enemy of leaf-

hoppers, 63.

Hydrocyanic acid gas for San Jose Scale,

25, 26.

Hymenoptera, parasitic. 101, 107, 109. 111.

112, 117, 1.53.

Hypostena barbata as parasite of Yellow-
Black Flea-beetle, 117.

1

Ichneumon, 112.

Illinois localities infested by San Jose

Scale, discovery of new, 3.

Sugar Refining Co., 57, 128.

Imbricated Snout-beetle, 143. See under
Snout-beetle, Imbricated,

imbricatus, Epicserus, 143.

impictus, Gnathodus, 67, 76.

Imported Garden Web-worm, 111. See
under Web-worm, Imported Garden,

impi-essifrons, Clivina, 136.

incivis, Peridroma, 146, 151.

Indigo, Wild, injured by Common Gray
Blister-beetle, 139.

inimicus. Deltocephalus, 66, 73, 74.

Jassus, 74.

Insect Life cited, 86.

Insecticide apparatus for destruction of

leaf-hoppers in potato fields, 64.

sprays in orchard work, experiments
with, 40-42.

Insecticides. See Remedies.
insidiosus, Triphleps, 86.

Inspection, expenditures on account of, in

1897 and 1898, 9.

of nurseries, 7-11.

value of official certificate of, 11.

integrifolia, Cleome, 123.

intertexta, Liburnia, 67.

Irouweed infested by Aphis middletonii,

116.

irroratus, Allygus, 76.

Phlepsius, 66, 76.

Isabella Moth, general description of, 158.

Isabella, Pyrrharctla, 146, 1,56.

Jamestown Weed, 117.

as food of Pale-striped Flea-beetle,

122.

infested by Melon Aphis, 81.
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Japanese pear infested by San Jose

Scale, 5.

I'lum Infested by San Jose Scale, 27.

Jassoirtoa, 62. See under Leaf-hoppers.

description of, 64.

Jassus inimiciis, 74.

Joe Pye Weed as food plant of Acutalls

calva, 80,

Johnson, W. G.. on Greenhouse Leaf-

roller, 106.

Jumping-jacks, 163. See Wireworms.

June-berry infested by San Jose Scale, 5.

June-bugs, 163. See White grubs.

Kale as food plant of Cabbage I'lusia,

152.

Kaltenbach, J. H., Die Pflauzciifeinde aus

der Klasse der Insekten, cited,

82.

on food plants of Noctua plecta,

105.

Kerosene for blister-beetles, 138.

for Imbricated Snout-beetle, 144.

for leaf-hoppers, 64.

for leaf-piercing insects, 53.

for plant-lice, 81.

for Red Spider, 59.

for Sau Jose Scale, 2, 40, 41.

for Tarnished I'lant-bug, 92.

Sprayer, "Eclipse," 40.

"Success," tests of, 41.

use of, by orchardists, for scale in-

sects, 2.

emulsion for False Chinch-bug, 96.

for leaf-hoppers, 63.

for leaf-piercing insects, 53.

for Pegomyia vicina, 62.

for plant-lice, 81.

for Red Spider, 59.

Knot-weed infested by Beet Aphis, 159.

Lace-wing flies as enemies of plant-lice,

81.

Lachnosterua, 103, 165.

rugosa, iujury to Beet by, 164.

Ladybird, Twice-stabbed, 43, 44.

Ladybirds as enemies of Common Garden
Web-worm, 109.

Lady-bugs, 99, 113.

as enemies of plant-lice, 81.

Larab's-quarters, 52.

as food plant of Agallia sanguinolenta,

70.

of beet leaf-miners, 60.

of Beet Web-worm, 110.

of Cabbage Plusla, 152.

of Campylacautha ollvacea, 135.

of European Beet-Tortoise-bee-

tle, 124.

of Garden Mamestra, 151.

Lamb's-quarters as food p\a,nt—Uontinued.

of garden web-worms, 106, 107.

of Pale-striped Flea-beetle, 122.

of Red-headed Flea-beetle, 120.

of Silpha bitulierosa, 137.

of Spotted Blister-beetle. 139.

of Three-Spotted Flea-beetle,

115.

of Yellow-Black Flea-beetle, 116.

of Zebra-caterpillar, 153.

devoured by Tanymecus confertus,

145.

infested by Aphis atriplicis, 82.

by Melon Aphis, 81.

by Phlepsius irroratus, 76.

lanceolata, Plautago, 100.

Lantern-flies or Flatas, 83-85.

lanulosa, Achillsea, 159.

Laphygma flavimaoulata. 51, 150. See

Beet Army-worm,
frugiperda, 149. See Common Grass-

worm.
Large-eyed Purslane Bug or Plant-bug,

94, 95.

Larger Meadow Grasshopper, oviposition

of, and preference as to localities,

135.

Striped Flea-Beetle, description, range,

injuries, and hibernation of, 115.

Lasius niger alienus, 161.

lateralis, Corizus, 96.

latifasciata, Trimerotropis, 132.

Leaf-beetles, 112-128.

as enemies of the Beet, 112, 113.

beet, 114.

character of injuries by, 113.

general description of, ll.">.

insecticides for, 113.

life history of, 114.

preventive measures against injuries

by, 113.

Leaf-bug, Dusky, general description, dis-

tribution, and life history of, 89, 92.

Green, general description of, 88, 90.

Leaf-bugs, .56, 8H-i(3.

general description, and conspicuous

difl"erences in species of, noted, 87.

leaf-folders, leaf-hoppers, leaf-miuers,

leaf-rollers, characterization of in-

juries to beets by, 56.

life history of, 87.

Leaf-eating beetles, other, 136, 137.

caterpillars, exposed, species of, which
feed upon Beet, 14.5-15H.

Leaf-folilcrs. 56.

Leaf-hoppers, character of injury to beets

by, 62,63.

device for destruction of, 64.

enemies of, 63.

eggs of, 63.

grape-vine, on beets. 67, 79.

general descri|)tiiMi and life his-

tory of, 79.



Leaf-hoppers— Continued.

infesting the beet, 50, 62-79.

four groups of, 64-67.

life history of, 63.

parasites of, 63.

Leaf-miners as beet insects, 50, 51, 59-62.

See under Sugar Beet leaf-miners,

characterization of injury to Beet, 56.

Leaf-roller, Greenhouse, general descrip-

tion, food plants, and life history of,

103, 100.

Leaf-rollers, 105.

Leaf-worm, Green Beet, 146, 161. See un-

der Beet-Leaf-worm, Green.
Leguminoste infested by Nectarophora

pisi, 83.

devoured by Striped Blister Beetle,

140.

Lepidium infested by Sau Jose Scale, 42.

Lettuce as food plant of Cabbage Plusia,

1.j2.

of Noctua plecta, 105.

injured by False Chinch-bug, 96.

by Pale-striped Flea-beetle, 121.

Leucania, 103.

unipuncta, 147. See Army-worm,
as beet insect, 51.

Leucarctia acraea, 140, 156. See under
Woolly bears.

Liburnia intertexta, 67.

ornata, general description of, 65.

on distribution, life history, and
food plants of, 67.

puella. general description of, 65.

on life history and food plants of,

68.

on Sugar Beet, 68.

Ligustrum injured by Mealy Flata, 84.

Ligyrus, 52, 163.

gibbosus, 50, 165. See Muck Beetle.
Lilac, Green Flata on, 84.

Lima Bean destroyed by Western Green
Stink-bug. 99.

Lime and London purple or Paris green
for blister-beetles, 138.

for beet insects, 54; with
Bordeaux mixture added,
53.

Limneria eurycreontis as parasite of Com-
mon Garden Web-worm, 109.

tibiator, 112.

linearis, Suaeda, 128.

lineata, Deilephila, 140, 155.

lineatella, Prodenia, 148.

Liiitner, J. A., on injury to Beet by leaf-

miners, 59, 60.

on life history of beet leaf-min-
ers, 61.

on Pale-striped Flea-beetle, 121.

Lioderma as beet insect, 52.

uhleri, 97,

Lippincott Publishing Co., J. B., 57.

Locust as food plant of Imbricated Suout-
beetlc, 143.

Black, defoliated by Ash-colored Blis-

ter-beetle, 140.

Injured by Common Gray Blister-

beetle, 139.

Locustidae, 128, 131.

and Acrididse, distinctions between,
128, 129, 130.

Locusts, 128. See Grasshoppers.
London purple, 81.

and lime for blister-beetles, 138.

for insects injurious to beet
leaves, 54.

longicoruis, Diabrotica, 115, 127.

Longitarsus nielanurus on Sugar Beet and
Celery, 114, 122.

range of, 122.

Loquat, 13.

Loxostege, 106.

chortalis, 107.

similalis, 51, 107. See under Web-
worm, Common Garden,

sticticalis, 51, 109. See under Web-
worm, Beet.

Lubber, or Olive, Grasshopper, 130. See
under Grasshopper.

Lugger, Otto, 57.

Lupines injured by Common Gray Blister-

beetle, 139.

Lygaeidse, general description of family
of, also of beet-leaf species of, 93.

how to distinguish from Capsidse, 87.

Lygus pratensis. 87. See Tarnished Plant-
bug.

M
Macrobasis unicolor, general description

of, 138. See Blister-beetle, Common
Gray.

Macrocoleus, 90.

chlorionis. general description of, 87,

90.

Macropsis nobilis, 69.

novellus, 69.

maculata, Epicauta, 138, 139.

Maine Agricultural Experiment Station,

57.

Annual Report of, cited, 58.

major, Eragrostis, 94.

mall, Empoasca, 67, 77, 78, 79.

Mallows as food plant of Bed-headed
Flea-beetle, 120.

Malva rotundifolia infested by Myzus
achyrautes, 83.

Mamestra chenopodli, 151.

Mamestra, Garden, as beet Insect, 51.

general description, food plants, in-

juries, and life history of, 151.

picta, 146, 153.

sp. on beets, 151.

trifolii, 140, 151. See Garden Mames-
tra.
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Mamestra tritolii— Continued.

as beet insect, 51.

Mangel-wurzel injured by Black Vine-

woovil, 144.

Manure beetles, 1G3.

Maple, 17.

Hard. 3.

injured by Mealy Flata. 84.

Soft, Dicraneura fieberi on, 77.

niarginata. Epicauta, 138, 141.

Margined Blister-beetle, 55: color aud food

plants of, 141.

marilandica, Cassia, 144.

May-beetles, 163. See White grubs.

Meadow Grasshopper, Larger, oviposition

of, and preferences as to localities

and food plants, 135.

grasshoppers, distinguishing characters

of, 131.

smaller, 1.30.

Lark as enemy of cutworms, 101.

Meadows and pastures as breeding-places

of cutworms, 100.

Mealy Bug, Root, 159, 161.

Flata, general description, oviposition,

food plants, and life history of, 83,

84, 85.

media, Stellaria, 116.

Megetra vittata, general description and

food of, 139.

Melanoplus, 130, 131.

atlanis, 131, 133, 134.

hauuts, habits, injuries, and ovi-

position of, 134.

bivittatus, 130. See Grasshopper,

Two-striped,

differentialis, 130. See under Grass-

hopper, Lubber,

femur-rubrum, 130. See under Grass-

hopper, Common Red-legged,

species of, infesting Sugar Beet, 130.

spretus, 130, 133, 1.34.

Melanotus cribulosus, 162.

melanurus, Longitarsus, 114, 122.

MeloidfP, 137.

Melon Aphis, 81. See Aphis, Melon.

Melous.as food plants of Melon Aphis, 81.

of Striped Cucumber Beetle, 126.

injured by Larger-striped Flea-beetle,

115.

by Pale-striped Flea-beetle. 121.

melsheimeri, Deltocephalus, 66, 73.

MembracidJE, 80.

Mermis as parasite of grasshoppers, 129.

messoria, (Jarneades, 56, 102.

Michigan Agricultural Experiment Sta-

tion, 57.

Microcei-a, sp.. culture of, 36.

middletonii, Aphis, 80, 159, 101.

Mignonette as food plant of Cabbage
riusia, 152.

of Zebra-caterpillar, 153'.

Infested by Red Spider, 59.

militaris, Hadrouema, 92.

Hibiscus, 120.

Milkweed, Green Flata found on, 84.

Millet injured by Chretocnema denticula-

ta, 118.

minntus, Nysius, 95.

misella, Pentilia, 43, 44.

Mites as sugar beet insects, 58.

destructive to grasshoppers. 120.

red, infesting larva of DoUocophalns
inimicus, 75.

Molds as food of Southern Corn Root
Worm, 126.

mollipes, Diedrocephala. 06, 71.

Monoxia consputa and ^L puncticollis,

general description of. 115, 127,

128. See under French bugs,

as beet insect. 52.

guttulata, 127.

puncticollis as beet insect, .52.

Moon-flower infested by Common Red
Spider, 59.

Morning-glory as food plant nf European
Beet-Tortoise-beetle. 124.

infested by Common Red Spider. .')0.

injured by Sweet Potato Flea-beetle.

119.

Morning-sphinx. White-lined. 1~>C>. See

Purslane-sphinx.

Mountain Ash infested b.v San Jose Scale,

3, 16.

Muck Beetle as beet insect. 52. 56.

economic difference between, and

May-beetles, 165.

food plants, injuries, and (listril>u-

tion of, 165.

Muck-worms, 50.

Murtfeldt, M. E., on food plants of Green
and Mealy Flatas, 84.

on Yellow-Black Flea-beetle as

spinach insect, 116.

Muscardine infecting woolly bears. 1.58.

Muskmelon as food plant of Imbricated

Snout-beetle, 14.3.

infested by Common Red Spider, 59.

Mustard flowers as food of Black Blister-

beetle, 141.

injured by False Chinch-bug, 96.

by Xysius minutus, 95.

Myrsiphyllum injured by Common Red
Spider, 58.

mytylaspidis, Aphelinus, 44.

Myzus acbyrantes, plants recorded from

and general description of. 82. 8::.

N
nebulosa, Cassida. 124.

nebulosus, Sphragisticus, 93, 94.

Trapezonotus, 94.

Nectarophora erigeronensis collected from
Sugar Beet, 83.

pisi, general description and food

plants of, 83.
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Npi'tarophofiiii. S2.

Npgro-bv.R. Cominon. seiUM'.-tl desoription,

food plants, and lifo history of. i»n. 100.

Nesi-«i-l)ngs. 00.

nenioi-aU', Xipliidinni. i:!l (Kirata. 175),

Nottlfs, Ncctai-oiilinla pisi (Ui. s:?.

niger alienns. I.,asins. Kil.

Nightshade. P.lacl<. Epitrix Ijrpvis on. 118.

I'ale-stripod Flea-boetlo destructive to,

121.

nigrifrons, Ciradula, 75.

Deltooephalns, 06, 75.

nigrtim, Solannni, 118.

nobilis, Macropsis, 00.

Noctua, 100.

c-nigriim. 102. lo;j, 105. See Cutworm,
Spotted,

pleeta. 102.

distribution, food plants, and gen-

eral description of moth of, 105.

Northern Corn Root Worm, general de-

scription of adult of, 115.

life history and injuries of,

127.

novella, Agallia, 65, 60.

novellus, Macropsis, 60.

Nursery inspection, 7-11.

nuttalli, Cantharis, 130, 142.

Niittall's Blister-beetle, color, distribution,

food habits, and destruction of, 142.

Nysius. 0.3.

angustatus. 04.

injuries and life history of, and
measures against, 05, 96.

minutus, distribution of, and plants

taken on, 95.

O
(»ak, 13.

infested b.v Pale-striped Plea-beetle,

121.

leaves as food of June-beetles, 165.

Platymetopius aoutus on, 73.

Tyi)hloc.vba rosa^ on. 78.

Water, parasitized scale on, 31.

Oats destroyed by Western Green Stink-

bug, 97.

Cicadula 6-notata on, 77.

Empoasca mali on, 78.

infested by Zebra-caterpillar. 153.

injured b.v Common Grass-worm. 149.

b.v Deltocephalus nigrifrons, 75.

obscurus. Aspidiotus, 31.

I'lagiognathus, 87. 89.

obtnsa. Empoasca, 78.

8-lineata, Gypona, 66. 72.

CEstlund, O. W. 83.

Okra infested by Oncometopia undata, 71.

olivacea. Campylacantha. 130, 135.

olivaceus, Pezotettix, i;?5.

Olive, or Lubber, Grasshopper, 130. See
under Grasshopper.

Oncometopia, general description of, 64.

undata, 70, 75.

concerning distribution and life hli-

tory of, 71.

food plants of, 71.

general description of, 66.

Onion as food plant of Imbricated Snout-

beetle, 143.

Oniscida?, 137.

opaca, Silpha, 136, 137.

Ophion as parasite of cutworms, 101.

Orache infested b.v Aphis atriplieis. 82.

Orange as food plant of Zebra-caterpillar,

153.

infested b.v Melon Aphis, 81.

Osage, as food plant of the Green and
Mealy Flatas. 84.

Orchelimum. general description of, 131.

vulgare, 135. See Larger Meadow
Grasshopper.

Ormenis pruinosa. general description,

oviposition, food plants, and life his-

tory of, 83, 84, 85.

ornata, Libnrnia, 65, 67.

Osage Orange as food plant of the Green
and Mealy Flatas, 84.

infested by San Jose Scale, 4, 13,

17. 23, 24.

Osborn, Herbert, 60. 70, 76, 85, 86.

on Diedrocephala versuta, 71.

on False Chinch-bug, 06.

on Gypona 8-lineata, 72.

on insecticide measures for blister-

beetles. 138.

on life histor.v of Agallia 4-puncta-

ta, 68.

and parasite of Deltocephalus
inimicus, 74, 75.

on Schistocerca alutacea, 132.

Otiorhynchus picipes, 144.

singularis,, general descrirition of. 143,

144. See Clay-colored Weevil,
sulcatus, general description of. 143..

See Black Vine-weevil.

Pachymerus as parasite of Common Gar--

den Web-worm, 109.

Packard, A. S., 76, 145.

Pale-striped Flea-beetle as beet insect, 50.

52, 120. See under Flea-beetle,

pallens, Geocoris. 95.

Panic-grass as food of Psylliodes convex-
ior, 124.

Parasites and other enemies of cutworms.
101.

of bees, 138, 1.39.

of Beet Web-worm, 111.

of Cabbage I'lusia, 153.

of Common (^rass-worm, 150.

of Deltocephalus inimicus, 75.

of Diedroi-ephala moUipes, 72.
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P&Tasites—Confinued.

of luiportoil (Jiinleii Web-woriu, IVJ.

of le.nf-lioppt'rs, (i."!.

of plaiit-liec. 81.

of r'otato Flca-bcetlf. 117.

of San Jo.se Scale. 24. 30 Ki, 44.

of woolly boars, laS.

of Yollow-Black Fl.-a-bectle. 117.

rari.s Ki-i't'ii. SI.

for b(H>t insects, 58, .54, 55.

for blister-beetles, 55.

for cutworms, 101, 102.

for Ueil-headeil Flea-beetle, 120.

and lime for blister-l)oetles, 13S.

for insects iujurious to beet

leaves, 54.

and whale oil soap for Monoxla
conspiita and other insects feed-

ing on beet leaf, 128.

Parsnip injured by I'alc-striped Flea-bee-

tle. 121.

Passion-flower as food of Black Blister-

beetle, 141.

Pastures and meadows as breeding places

of cutworms, 100.

Pasturing with pigs to clear sod of white
grubs, 105.

Pea as food plant of Beet Army-worm, 150.

of Striped (,'ucumber Beetle, 12G.

of Zebra-caterpillar, 15.3.

destroyed by Western Green Stink-

bug, 99.

Garden and Sweet, infested by Nec-

tarophora pisi, 83.

injured by Garden Flea-hopper, 88.

by Common Gray Blister-beetle,

139.

Sweet, as food plant of Zebra-cater-

pillar, 153.

Peach, 13.

as food plant of Cotton Cutworm, 148.

of Imbricated Snout-beetle, 143.

infested by San Jose Scale, 3, 4, 5, 6.

kerosene spray on, 40.

orchards artiticially infected with
scale fungus, 32, 33.

Pear, 13.

Agallia novella on, 69.

Alebra albostriella on, 78.

as food plant of Imbricated Snout-
beetle, 143.

eggs of Imbricated Snt)ut-beetle de-

posited on, 144.

infested by Melon Aphis, 81.

by San Jose Scale, 4, 5, 6, 17.

injured by (Jigar (."ase-bearer, 146.

by Ued-headed Flea-beetle, 120.

Japanese, infested by San Jose
Scale, 5.

Pecan, 13.

Pegomyla vicina, description of stages of,

cited, 01.

Injury to beet by, 59, 60.

Pegomyia vicina— Oontinuec/.

measures against, 62.

Pemphigus betie as beet in.sect, .52, 80,

159. See under Beet Aphis,
penicellus, Centrinu.s 143, 14,5.

Penicilium, 31.

pennsylvanica. Ei)icauta, 138. 141.

Pentatonia uhleri, 97. See Western
Green Stink-bug.

Pentatomidse, 97.

Pentilia misella as enemy of San Jose
Scale, 43, 44.

Pepper-gras.s infested by Melon Aphis, 81.

by San Jose Scale, 42.

Peridroma incivis. 146, 151.

perniclosus, Aspidlotus, 1-47.

perscitus. Centrinus, 143, 145.

Persimmon, 13.

Pestalozzia, 31.

Petunia injured by I'otato Flea-beetle,

117.

Pezotettix femur-rubruni (=Melan<)plus
femur-rubrum), 128.

olivacens, 1.35.

Phlepsins, 70.

irroratns, distriliution, food phints,

and life history of, 76.

general description of, 66.

I'hlyctiieuia ferrugalis, general descrip-

tion, food plants, aiul life history of,

105, 106.

"Phyllotreta albionica, 114, 123. See under
Flea-beetle. Western Cabbage,

decipiens, injuries and general appear-
ance of. 114. 12;!.

vittata. 114. 123. See under Flea-bee-

tle. Cabbage.
Phylloxera as fond of Conimoii I'lower

Bug, 86.

Physalis as food plant of Margined Blis-

ter-beetle, 141.

picipes, Otiorh.vncluis, 144.

picta, Mamestra. 146, 153. See under
Zebra-caterpilla r.

Pieris rapne, 152.

Plesma cinerea, 85. See Pigweed Bug.
I'igeon-grass as food plant of Imbricated
Snout-beetle, 143.

Pigweed. 107.

as breeding plant of Common Gai"deu

.Web-worm. 108, 109.

as food plant of Agallia sanguinolenta, 70.

of Beet Army-worm, 150.

of Black Blister Beetle, 141.

of garden web-worms, 106.

of Margined Blister-beetle, 141.

of Striped Blister-beetle. 140.

of Yellow-Black Flea-beetle, 116.

blossoms, eggs of False Chinch-bug
among. 96.

Bug, general description, food plants,

life history, and checks on rauitl-

plicatiou of, 85, 86.
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'PisvieeA— Continued
Coninioii Xegro-bug on, 100.

Oardpii Flea-hoppci- on. SS.

infosted by Melon Aphis. 81.

Pale-stiipod Floa-beetle dostructive to,

121.

Spiny, as food plant of Three-Spotted
Flea-beetle, 115.

M'hite, 52.

as food plant of beet leaf-miners,
eo.

Kniblethis }.'n.seus on. 94.

Si)hraglstifus nebulosus on, 94.
Pigweeds as breeding place of beet leaf-

miners, 62.

infested by Hadronema militaris. 93.
Large-eyed Purslane 13ng ou, 95.
red, or spiny, .52.

Pinks, garden, as food of Black Blister-
beetle, 141.

infested by Common Red Spider. 59.
pisi, Nectarophora, 83.

piste, Exorista, 112.

Plagiognathus obscurus. distribution and
life history of, 89.

general description of, 87. 89.
Plant-beetles, characterization of injury
to beets, 56.

Plant-bug, Green, as beet insect, 52.

Large-eyed, 94.

Tarnished,' 87, 89. See Tarnished
Plant-bug.

Plant-bugs as beet insects, .50, 56.

smaller, 93-96. See under Lygseidae.
Plant-lice as beet insecrs, .50, 56, 80-83,

159, 161.

general description of, 80.

natural enemies of, 81.

on life history of, 81.

remedial measures for, 81.

Plantago lanceolata. Common Negro-bug
on, 100.

Plantain infested by Melon Aphis, 81.

by Smartweed Flea-beetle, 119.
Pale-striped Flea-beetle destructive to,

121.

Platymetopius acutus, description of, 66,
72.

listribution, food plants, and life

history of, 73.

plecta, Xoctua. 102, 104.

Phim, 3," 13.

as food plant of Imbricated Snout-bee-
tle. 143.

Empoasca mali on, 78.

infested by San Jose Scale, 4, 5.

injured by Cigar Case-bearer, 146.
Japanese, infested by San Jose Scale,

Typhlocyba rosip on, 78.

Plusia brassicae, 146, 152. See Plusia,
Cabbage.

TXMsia.— Continued.

Cabbage, injuries and food plants,
range, general description, number
of generations, and parasites of,
152, 153.

Celery, 153. See Celery Plusia.
simplex, 153. See Celery Plusia.

Poisoned baits for cutworms, 54, 55, 101
103.

for grasshoppers, 129.

Polygonum aviculare infested by Beet
Aphis, 159.

I'openoe, E. A., 88.

Poplar, 13.

posticata. Botis, 108.

Potato as food plant of Beet Army-worm,
150.

of Black Blister-beetle, 141.
of Cotton Cutworm, 148.
of European Beet-Tortoise-bee-

tle, 124.

of Imbricated Snout-beetle, 143.
of Spotted Blister-beetle, 139.
of Zebra-caterpillar, 153.

Beet Aphis reported as occurring on,
1.59.

blossoms injured by Western Green
Stink-bug, 97.

Flea-beetle, food plants, life history,
and parasite of, 117.

injured by Common Gray Blister-bee-
tle, 139.

by Empoasca mali, 78.

by False Chinch-bug. 96.

by Margined Blister-beetle, 141.
by Pale-striped Flea-beetle, 121.
by Phyllotreta dccipiens, 123.
by Potato Flea-beetle, 117.

by Striped Blister-beetle, 140.
pratensis, Lygus, 87. 90.

Prescott Chemical Co., 41.

Primrose injured by Black Vine-weevil
144.

Privet injured by Mealy Flata. 84.

Proceedings U. S. National Museum cited,
78.

Prodenia lineatella, 148.

oruithogalli, 148. See under Cutworm,
Cotton,

pruinosa, Ormenis, S3.

APsylliodes convexlor, 114.

range, general description, and in-

juries of, 124.

punctulata. 114. 124. See Flea-beetle,
Rhubarb.

Ptelea trifoliata infested by Empoasca
mall, 78.

puella, Liburnia, 65, 68.

pulicaria. Cha?tocnema, 114. 118.

Corimelflena. 99.

Pumpkin as food of Silpha bituberosa,
137.
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punctata, Agallla, 68.

puncticollis, Monoxia, 52, 115, 127.

punotulata, I'sylliodos, 114, 124.

purpiireum, Eiipatoriuni, 80.

Purslane, 52, 107.

as food plant of False Chinch-bug, 96.

of Garden Mamestra, 151.

of garden web-worms, 106.

of Purslane-sphinx, 1.55.

Bug, Large-eyed, distribution and food

plants of, 95.

-caterpillar, 146.

food, distribution, description, and
life history of, 154, 155.

eggs of Melon Aphis on, 81.

infested by Common Garden Web-
worm, 108, 109.

by Large-eyed Purslane Bug, 95.

by Melon Aphis, 81.

Pale-striped Flea-beetle destructive to,

121.

-sphinx, 140.

distinct forms, food preferences,

and life history of, 155, 156.

measure against, 155.

Pyraustidfe, 105.

Pyrrharctia Isabella, 146, 156. See under
Woolly bear,s.

4-lineata, Cicadula, 77.

4-punctata, Agallia. 65, 68. 69, 70.

Quince, 13.

Flowering, 13.

infested by San Jose Scale, 20.

infested by San Jose Scale. 17, 19.

Hadish as food plant of Western Green
Stink-bug, 97.

destroyed by tiabbage Flea-beetle, 123.

infested by Rhubarb Flea-beetle, 124.

injured by False Chiuch-bug, 96.

by I'hyllotreta decipiens, 123.

leaves riddled liy Xorthern Corn Root
Worm, 127.

Ivagweed as food plant of Smartweed
Flea-beetle, 110.

Corn Flea-beetlo on, 118.

Green Flata on, 84.

infested by San Jose Scale, 42.

Pale-striped Flea-beetle destructive

to, 121.

rantalis, Kurycreon, 108.

rapse, Pieris, 152.

rapidus, Calocoris, 87, 92.

Raspberry, 13.

Acanthoceros galeator on, 97.

as food plant of Clay-colored Weevil,

145.

of Cotton Cutworm, 148.

of Imbricated Suout-beetle, 143.

grape leaf-hoppers on, 79.

Raspberry— Contin tied.

Infested by Oncometopia undata, 71.

injured by Black Vine-weevil, 144.

by Empoasca mall, 78.

by Potato Flea-beetle, 117.

by Sweet Potato Flea-beetle, 119.

Red Cedar, Agallia novella on, 69.

Clover blossoms as food of Imbricated
Snout-beetle, 143.

infested by Melon Aphis, 81.

injured by Mealy Flata, 84.

Haw, 13.

-headed Flea-beetle, general descrip-

tion and food plants of, and arrest

of injury by, 120.

-legged Grasshopper, 130.

injury by, 128.

mites infesting larva of DeltocephaliiS

inimicus, 75.

Pigweed, 52.

Spider, Common, 58.

kerosene for, 59.

life history of, 58.

plants infested by, 58, 59.

spiders, characterization of injury to

beets by, 56, 58.

Redbud injured by Grape-vine leaf-hop-

pers, 79.

reflexus, Amarantus, 96.

Remedies and preventives for insect dep-

redations: agricultural procedure, 53,

129, 161. 163, 165.

arsenic, white, and sal-soda, 54.

arsenical poisons, 53, 64, 81, 107, 113,

138, 143, 151.

barriers, 148.

bisulphide of carbon, 53.

Bordeaux mixture, 53, 113.

bran mash, poisoned, 54, 101.

burning rubbish, 53, 86, 91, 96.

vegetation, 72.

carboloum, 41.

clean culture, 52, 63, 86, 96.

deep plowing and rolling, 62.

ditching, 148.

early planting and active cultivation,

113.

fall harrowing, 107.

and spring plowing, 53, 101.

fumigation, 26.

fungous infection, 30.

hand-picking. 54, 101. 143, 155.

hopperdozer, 129.

hydrocyanic acid gas, 25, 26.

insecticide apparatus, 64.

kerosene, 2, 40, 41, 53, 59, 64, 81, 92,

138, 144.

emulsion, 53, 62, 63, 81, 96.

lime and Paris green or London pur-

ple, with addition sometimes of Bor-

deaux mixture, 53, 54, 138.

London purple and lime, 54, 138.

mechanical measures, 55, 142.
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Remedies— Continued.

l':ivi:i Rieoii. 55, 120, 138, 148.

tiiid lime. 53. .54. 138.

with r.ordeaiix mixture.

.53.

in bran masti, 101.

and whale-oil soap, 128.

pasturing with pigs, 165.

poisoned baits, 54. 55, 101, 103, 129.

rotation of crops, 52, 53.

«al-soda and white arsenic, 54.

soap-suds, as means of conveying
arsenical insecticides, 53.

sjirinir plowing and harrowing, 129.

siuiiuier plowing, late, or early fall,

Kil.

tobacco-water, 81.

traps, 102.

whale-oil soap, 16, 24, 26.

and Paris green, 128.

whipping and brushing, 54, 55, 138.

Report. Commissioner of Agriculture cited,

SI).

New York Agricultural Experiment
Station cited, 60, 62.

State Entomologist of Illinois cited,

5, 22, 69, 77, 153. 162, 164.

of New York cited, 60.

United States Entomologist cited, 108.

Rhubarb as food plant of Rhubarb Flea-

beetle, 124.

Flea-beetle, general description, food
plants, hibernation, and range of,

124.

injured by Mealy Flata, 84.

Rhynchophora, 142.

Rib-grass infested by Common Negro-bug,
100.

Riley, C. V., 140.

on Cabbage riusia and parasite

of, 153.

on Cotton Cutworm, 148, 149.

on number of broods of Common
Garden Web-worm, 109.

Robin as enemy of cutworms, 101.

Rocky Mountain Cherry infested by San
Jose Scale, 5.

Grasshopper. 1.30, 133, 134.

eggs of, 142.

Rolfs, P. H., 32.

on fungus parasite of San Jose
Scale, 30, 31.

Root Mealy Bug, 159, 161.

Worm, Northern Corn, 127. See under
Northern.

Southern (,'orn, 125. See under
Southern.

Root-lice, 159-161.

as beet insects, 50, 52, 53, 56.

ros£e, Typhlocyba, 78.

Rose, 3, 13.

infested by Beet Aphis, 159.

by Common Red Spider, 59.

Rose, infested— Continued.

by Typhlocyba rosse, 78.

Rosin-weed flowers as food of Black
Blister-beetle, 141.

rostratuni, Solanum, 161.

Rotation of crops as preventive of in-

sect injury to beets, 52, 53.

rotundifolia, Malva, 83.

rugosn, Lacbuosterna, 164.

rugulosus, Scolytus, 40.

Russian Thistle, eggs of Western Green
Stink-bug laid on, 99.

Rutabaga as food plant of Zebra-cater-

pillar, 153.

Rye infested by Agallia novella, 69.

by Empoasca mali, 78.

by Gnathodus abdominalis and G.
impictus. 76.

Sage infested by Common Red Spider, 59.

Sagittaria as food plant of Striped Blis-

ter-beetle, 140.

Salsify as food plant of Cotton Cutworm,
148.

Sal-soda and white arsenic for leaf-eating

beet insects, 54.

Salt-Marsh Caterpillar, 146, 156. See un-

der Woolly bears.

Saltweed as food plant of Beet Army-
worm, 150.

sanguinolenta, Agallia. 65, 69.

San Jose Scale, circular on, 12.

co-operation in insecticide work
for, 26.

distribution of, 44.

discovery of new Illinois locali-

ties infested by, 3.

extermination of, 25.

fungous disease of, 2, 24, 30-40.

field notes on, 37.

hydrocyanic acid gas for, 25, 26.

in Illinois, recent work on the,

1-47.

increase of area infested by the,

5.

insect enemy of, 43, 44.

insecticide treatment for, 2, 11-

30.

apparatus used in, 14, 30,

44, 45, 46.

details of, with results,

16-26.

general procedure, 29.

legislation against, 11.

miscellaneous field memoranda
on, 42-43.

mode of distribution and varia-

tion in attack of, 6.

plants subject to injury by, 13.

power of locomotion of, 42.

reproduction of, 42.
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San Jose Sc&\e— Continued.

volunteer nursery inspection on
account of, 7.

Sassafras infested by Mealy Plata, 84.

Say, Thomas, 76.

Scale, San Jose, 1-47. See under San
Jose Scale.

Scurfy, effect of whale-oil soap on, 20.

schaufussi. Formica, l(il.

Schistocerca, 1.30.

alutacca. general description of. 130.

distribution of, l.*?2.

Scirpus as food plant of Southern Corn
Root Worm, 120.

fluviatilis. eggs of Diedrocepbala mol-
lipes deposited in, 72.

Scolytus rugulosus, 40.

Scurfy Scale, effect of whale-oil soap on,

20.

Sea-blite as food plant of Monoxia punc-
ticollis, 127.

Sedges as food plants of Southern Corn
Root AVorm, 126.

Seed-weevil on Sugar Beet. 143, 145.

seniinuda, Eutettix, 60, 75. (Errata, 175.)

Sensitive-pea. Wild, eggs of Imbricated
Snout-beetle deposited on, 144.

serotina, Solidago, 161.

Service-berry, Wild, infested by Beet
Aphis, 1.50.

sexnotata, Cicadula, 67, 77.

Shepard, Jas. H., 57.

Shepherd's-purse infested by Melon Aphis.
81.

by Nectarophora pisi. 83.

Shrubs, ornamental, 3.

siccifolins, Bythoscopus, 69.

Silpha bituberosa, range, food plants, and
general description of, 137.

opaca. 1.36. 1.37. See Carrion-beetle,

Beet.

Silphiuni. flowers of. as food of Black
Blister-beetle. 141.

similalis, Loxostege. 51. I(i7, 108.

simplex, riusia, 153.

singularis. Otiorhynchns, 143, 144.

Sirrine, P. A., description of the stages of

Pegomyia vicina, by, 61.

on injury to spinach by Pego-
myia vicina, 60.

on life history and enemy of

beet leaf-miners, 61.

on measures against Pegomyia
vicina, 62.

on i>oisoned bait for cutworms,
101.

Sisymbrium canescens infested by Agallia
uhleri, 70.

Slingerland. M. V., 57.

Smaller meadow grasshoppers, 136.

Smaller Plant-bugs. 93-96. See Lygseidse.

Smartweed as food plant of Red-headed
Flea-beetle, 120.

Smartweed as food plant— Conti?iue(l.

of Smartweed Plea-beetle, 110.

of Zebra-caterpillar, 153.

devoured by Tanymecus confertus, 145.

Flea-beetle, general description, dis-

tribution, food plants, and life his-

tory of, 119.

infested by Common Negro-bug, 100.

by Large-eyed Purslane Bug, 95.

by Pigweed Bug, 85.

Sniilax, Boston, injured by Common Red
Spider, 58.

Smith, C. D., .57.

Smith, John B., on fungus i)arasite of
San Jose Scale, 30.

on device for destro.ying leaf-

hoppors, 64.

on migrations of Melon Aphis, 82.

Snout-beetle, Imbricated, food plants,

distribution, oviposition, and life his-

tory of, and measures against. 143. 144.

Snout-beetles, 142-145.

American, species of. which feed on
beet leaf characterized. 143.

distinguishing characters and injury

of, 142.

Snowberry as food plant of Zebra-cater-

pillar, 1.53.

Soap-suds .'IS medium for conveying arsen-

ical poisons, 53.

Soft Maple infested by Dicraiieura fieberi,

77.

Solanacese, 118.

solani, Daetylopins. 161.

Solanum infested by San Jose Scale, 42.

nigrum infested by Epitrix brevis, 118.

rostratum infested by Dactylopius so-

lani, 161.

Soldier-bug. Glassy-winged, as enemy of

leaf-hoppers. 63.

Solidago serotina infested by Aphis niid-

dletonii. 161.

Sorghum infested by Corn Flea-beetle. 118.

by Cicadula 6-notata. 77.

injured by Empoasca mall. 78.

South Dakota Agricultural Experiment
Station, 57.

Southern Corn Root Worm, general de-

scription of adult of, 115.

dietary and life history of, 125,

126.

Sow-bugs, 137.

Soy-beans attacked by Coniinon (iarden

Web-worm, 108, 109.

Spanish Needle as food plant of Common
Negro-bug, 100.

Sphaerostilbe coccophila as parasite of

San Jose Scale, 30, 40-44.

cultures of, 31.

eft'ectiveness as infection agent,

35.

dlstribuiion to orchards, method of,

33, 34.
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Sphaerostilbe coccophila- Continued.

effect of, on San Jose Scale in Flor-

ida orchards, 32, 33.

field notes concerning spread of,

37-40.

result of field work with, 36. 37.

Spharagemon aiquale, 132.

Sphragisticus, 93.

nebulosus, description of, 93.

food plants and distribution of, 94.

Spider, Common Red, 58. See under Red
Spider, Common.

Spiders, red. characterization of injury to

beets by, 50, 58.

Spilosoma virginica. 140. 15C. See under

Woolly bears.

Spinach, 62.

as food plant of Zebra-caterpillar, 153.

Infested by Agallia 4-punctata, 68.

by Melon Aphis, 81.

injury to, by Pegomyia vicina. (50.

by Yellow-Black Flea-beetle. IIG.

Spiny Pigweed as food of Three-Spotted

Flea-beetle, 115.

Spira?a, 3.

infested by Xectarophora pisi, 83.

Sporotrichum for Chinch-bug, 30.

Spotted Blister-beetle, range and food

plants of, 1.39.

Cutworm, 102.

food plants, general description,

and life history of. 103.

Sprayer. "Eclipse." 40.

machine, 14, 44.

"Success Kerosene," tests with, 41.

Spra.vs. experiments with Insecticide,

40-42.

spretus, Melanoplus, 130, 133, 134.

Spring plowing and harrowing to destroy

eggs of grasshoppers. 129.

Spruce as food plant of Zebra-caterpillar,

153.

Squash as food plant of Imbricated Snout-

beetle. 14.3.

of Silpha bituberosa, 137.

of Striped Cucumber Beetle, 126.

Squash-bug family, general description of

two species of, possibly injurious to

Sugar Beet, 96.

Stellaria media jis food of Yellow-Black
Flea-beetle. 116.

Stenobothrus curtipennis, 130.

on general appearance and hiberna-

tion of, 131.

sticticalis, Loxostege, .51, 107, 109.

Stink-bug as beet insect. 52.

family, 97-99.

Western Green, distribution, injuries,

general description, and life history

of, 97-99.

Stinkweed infested by Emblethis griseus.

94.

Stobera tricarinata. general description

of, 65.

infesting Sugar Beet, 67.

noce on distribution, food plants,

and life history of, 67.

Stramonium as food plant of Pale-striped

Flea-beetle, 122.

Strawberry as food plant of Agallia san-

guinolenta, 70.

of Greenhouse leaf-roller, 106.

of Imbricated Snout-beetle. 143,

144.

eggs of Imbricated Snout-beetle de-

posited on, 144.

infested by Agallia novella, 69.

b.v Corn B"'lea-beetle, 118.

injured by Black Vine-weevil, 144.

b.v False Chinch-bug, 96.

by Grape-vine Colaspls, 125.

by Greasy ("utworm, 104.

by Larger Striped-Flea-beetle, 115.

by Tale-striped Flea-beetle, 121.

strictum. Xiphidium. 131. 1.36.

Striped Blister-beetle, range. Injuries, and
life history of, 14U.

Cucumber Beetle, food of adult and
larva and life history of, 126,

127.

general description of, 115.

Flea-beetle, Larger, description, range,

injuries, and hibernation of. 115.

Suseda linearis as food plant of Monoxia
puncticollis. 128.

Sugar Beet Army-worm, 51.

as breeding plant of Melon Aphis, 81.

as food plant of Agallia sangulno-

lenta, 70.

of Army-worm, 147.

of Cotton Cutworm, 148.

of Imbricated Snout-beetle,

143.

of Purslane-caterpillar, 155.

of Silpha bituberosa, 137.

of Spharagemon aequale, 132.

of Striped Cucumber Beetle,

126.

of Three-Spotted Flea-Bee-

tle, 115.

of wooU.v bears, 1.56.

attacked by Two-striped Grasshop-

per, 133.

Common Flower Bug occurring on,

86.

cutworms attacking, 102.

destroyed by Beet Aphis, 159, 160.

by Beet Web-worm. 109.

by Black Blister-beetle. 141.

by cutworms, 100.

by European Beet-Tortolse-bee-

tle, 124.

by Pale-striped Flea-beetle, 120,

121.



XXIV

Sugar Beet destroyed—ConUmied.

by Spottod Cutworm, 103.

by Tanymec'us confertus, 145.

by Western Greeu Stink-bug, 97.

economic entomology of the, 49-184.

examples of insect injury to the, 51.

fields, occurrence of Corizus latera-

lis in, 90.

first report of injury to, in Amer-
ica, 51.

flea-beetles, 114.

Gypona.S-lineata collected from. 72.

infested by Acanthoceros galeator,

96, 97.

by Acutalis calva, 80.

by Agallia novella, 69.

by Agallia 4-punctata, 65.

by Agallia uhleri, 70.

by Aphis atriplicis, 82.

by Aphis middletonii, 161.

by Aphis sp., 82.

by Apion sp., 143, 145.

by Athysanus sp.. 75.

by Cabbage Flea-beetle, 123.

by Campylacantha olivacea, 135.

by Cicadula sexnotata, 77.

by Cigar Case-bearer, 146.

by Common Negro-bug, 99.

by Common Red-legged Grass-
hopper, 128.

by Crepidodera atriventris, 117.

by Deltocephalus inimicus, 74.

by Deltocephalus melsheimeri,

73.

by Dicraneura fleberi, 77.

by Diedrocephala mollipes, 71.

by Diedrocephala versuta, 71.

by Disonycha cervicalis, 117.

by Dusky Leaf-bug, 89.

by Emblethis grisous. 94.

by Empoasca flavescens, 79.

by Empoasca niali, 77.

by Epitrix brevis, 118.

by Eutettix seminuda, 75.

by False Chinch-bug, 96.

by False Flea-hopper, 88.

by Garden Flea-hopper, 88.

by Geocoris pallens, 95.

by Glyptina brunnea, 122.

by Gnathodus abdomiualis and
G. impictus, 76.

by Grape-vine Colaspis, 125.

by grape-vine leaf-hoppers, 79.

or injured by grasshoppers, 128,

1.30.

by Green IJeaf-bug. 90.

by Greenhouse Leaf-roller, 105.

b.T Hadronema militaris, 92.

by Imported Garden Web-worm,
111.

by Large-eyed Purslane Bug,
95.

Sugar Beet infested— Continued.

by Larger Meadow Grasshop^
per, 135.

by Larger Striped-FIea-beetle^

115.

by Liburnia ornata, 67.

by Liburnia puella, 68.

by Longitarsus melannrns. 122.

by Mamestra sp., 151.

by Melon Aphis, 81.

by Myzus achyrantes, 83.

by Nectarophora erigeronensis.

83.

by Nectarophora pisi, 83.

by Nysius minutus, 95.

by Onconietopia undata, 70.

by rhlepsius irroratus, 76.

by riatymetopius acntus. 73.

by Red-headed Flea-beetle, 120.

by Rhubarb Flea-beetle, 124.

by Schistocerca alutacea, 132.

by Smartweed Flea-beetle, 119.

by Southern Corn Root Worm,
125, 126.

by species of Tortricidse, 106.

by Sphragisticus nel)ulosus, 94.

by Stobera tricarinuta, (>7.

by Sweet-Potato Flea-heetle. 119,

by Thamnotettix belli. 76.

by Xiphidium neniorale and X.

strictum, 1.36.

by Yellow Grasshoi)i)er. 1.31.

injured by Ash-colored P.lister-bee-

tie, 140.

by l?eet Army-worm. l.jO.

by Beet Carrion-beetle, 1.36.

by Black-winged Grasshopper,
131.

by Cabbage Plusia. l.'>2.

by Centrinus penicelhis and ('.

perscitus, 145.

by Chfetocnema denticulata. 118.

by Clivina impressifrons, 136.

by Common Garden Web-worm,
108.

by Common Grass-worin. 149.

by Common Gray Blister-beetk\

1.39.

by cutworms, 100, 102.

by French bugs—Monoxia con-

sputa and M. puncticoUis. 127,

128.

by Garden Mamestra. 151.

by garden web-worms, 106, 107.

by Green Beet-Leaf-worm. 151.

by Green and Mealy Flatas, 84.

by liachnosterna rugosa. 164.

by leaf-beetle.s, 112, 11.;.

by leaf-bugs, 86.

by leaf-hoppers, 63.

by Margined Blister-beetle. 141.

by Megetra vittata, 139.
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Sugar Beet injured— 6'o«i!m«e</.

by Mufk Beetle. 16."..

by Xoftiia plecta, lO.").

by Nuttairs Rlister-beotlc. 141'.

by Pigweed Bug, 85.

by rhyllotreta decipiens, 123.

by Totato Flea-beetle, 117.

by Psylliodes convexior, 124.

by I'lirslane-sphiux, 15.j.

by snout-beetles. 142. 14.3.

by Spotted Blister-beetle.. 139.

by Striped Blister-b.H'tlf. 140.

by Trimerotropis latifasciata.

132.

by Western Cabbagi- Flea-bee-

tle. 123.

by wireworms, 162.

by Yellow-Blaek Flea-beetle.

114, 116.

by Zebra-caterpillar, 1.53.

injuries to leaf of, .50.

to roots of, 50, 58, 165.

insects, acknowledgments for cop-

ies of figures illustrating arti-

cle on, etc., 57.

classitication of the. 55.

detailed discussion of groups
and injuries of, 57-165.

economic bibliography of, 170-

175.

key for recognition of insect in-

jury to the, 56.

leaf-hoppers infesting the, 62, 7i>.

leaf-miners, 59-62.

destruction of eggs and larvae

of, 61.

economic measures against, 62.

enemies of, 61.

injur.v to Spinach by, 60.

life hLstory of, 60, 61.

liability to insect injury, 50.

Northern Corn Root Worm on, 127.

preventive and remedial measures
for insect injury to the, 52-55.

Seed-weevil on, 143.

(See also under Beet.)

ulcatus, Otiorhynchns, 143, 144.

Sumach, 13.

infested by Platymetopius acutus, 73.

Summer plowing, late, or early fall, to

free soil of cutworms, 101.

Savory injured by Pale-striped Flea-

beetle, 121.

Summers, H. E., 9, 19, 20, 22, 24, 27, 28,

29, 57, 63.

Sunflower as food plant of Campylacantha
olivacea. 1.35.

of Striped Cucumber Beetle, 126.

infested by Agallia 4-punctata, 68.

by Oncometopia unilata, 71.

roots as food of Muck Beetle, 165.

Wild, as food plant of Beet Army-
worm, 150.

Sunflower, W ild— Continued.

.as food plant of Margined Blister-

beetle, 141.

Sweet Corn injured by Western Green
Stink-bug, 97.

Pea as food plant of Zebra-caterpillar,

153.

infested by Nectarophora pisi, 83.

Potato as food plant of European
Beet-Tortoise-beetle, 124.

of Imbricated Snout-beetle,

143.

Flea-beetle, injuries, hibernation,

and range of, 119.

injured by Common Gray Blister-

beetle, 189.

by Pale-striped Flea-beetle, 121.

by Potato Flea-beetle, 117.

by Sweet-Potato Flea-beetle,

119.

Syringa, ,3.

Systena, concerning life history of, 114.

blanda, 120. See Pale-striped Flea-

beetle,

frontalis, 114, 120. See under Flea-

beetle, Red-headed,
hudsonias, 114, 119. See under Flea-

beetle, Smartweed.
tseniata as beet insect, 52, 114, 120.

See under Flea-beetle, Pale-striped.

Tachina fly as parasite of Common Gar-

den Web-worm, 109.

of Common Grass-worm, 150.

of Imported Garden Web-
worm, 112.

larvae of, infesting grasshoppers,

129.

flies as parasites of cutworms, 101.

tseniata, Systena, .52, 114, 120.

Tansy infested by Beet Web-worm, 110.

Tanymecus confertus, general description

of, 143.

on food plants, distribution, and
life history of, 145.

Tarnished Plant-bug, 89.

general description of, 87, 90.

life history and destruction of, 91.

tenella, Eutettix, 75. (See Errata, 175.)

Tetranychus bimaculatus, 58.

Thamnotettix belli, range of, and plants

recorded from, 76.

Thistle, Russian, eggs of Western Green
Stink-bug laid on, 99.

Thomas, Cyrus, 161.

Thorn-apple, 13.

Three-Spotted Flea-beetle, description,

food plants, range (See Errata, 175), and
hibernation of, 115.

Thripldse as food of Common Flower Bug,

86.
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tibiiitor. liiiiineria, ll'J.

Timothy as food plant of (Jraiie-viiu' Co-

laspis. 12r>.

aiul clovor Helds. upland, pi'i'ferrcd by
liargcr Meadow (Jrasshoppcr, VATi.

infested by Zobra-faterplllar, 158.

Tobacco as food plant of Potato Flea-bee-

tle, 117.

plants in.iurcd by Orcciilionse fji'af-

roUer, 10«.

-water for plant-lice. Ml.

Tomato as food plant of ('al)bage I'lnsia,

152.

of Imbricated Suout-beetle. 14:?.

of I'otato Flea-beetle. 117.

infested by Common Red Spider, 5!).

by Melon Aphis, 81.

injured by Common Gray Blister-bee-

tle, 139.

by Margined Blister-beetle, 141.

by I'ale-striped Flea-beetle, 121.

by Striped Blister-beetle. 140.

Tortricidifi, 105.

species of. Infesting Sugar Beet, 106.

Transactions of the American Entomo-
logical Society, cited, 114.

Trapezonotus nebulosus, 94.

Traps for Dark-sided Cutworm, 102.

Tree-hoppers. SO.

Trees and shrubs, leaves of, devoured by
Western Arm.v-Cutworm. 102.

as place of deposit of eggs of cut-

worms, 100.

cultivated, injured by outbreali of

Sphragisticus nebulosus, Geocoris

bullatus. and Nysius augustatus, 94.

infested by Pigweed Bug, 85.

leaves of, as food of June-beetles, lti5.

triangularis, Disonycha, 114, 115.

tricarinata, Delphax, 67.

Stobera. 65, 67.

tridentata. Artemisia, 76.

triflda. Ambrosia, 161.

trifoliata, Ptelea, 78.

trifolii, Mamestra, 51. 146. 151.

Trimerotropis latifasciata, 1.S2.

Triphleps insidiosus, 86.

tristis. Anasa. 97.

Turnip as food i)lant of Agallia sang\iino-

lentJi, 70.

of Cabbage Plusia, 152.

of Garden Mamestra, 151.

of Western Green Stink-bug. 97.

of Zebra-caterpillar, 1,").3.

destroyed by Cabbage Flea-beetle, 123.

by Imported Garden Web-worm,
111.

injured by False Cliindi-bug, !H!.

by Phyllotreta decipiens. 123.

by I'otato Flea-beetle, 117.

leaves riddled by Northern Corn Root
Worm, 127.

Twice-stabbed Ladybird, 43.

Two-striped ( J rasslioiJiter, i:!0. See Grass-
lioppcr. Two stripe(l.

Typlilocyb.i. general description of, 67, 79.

comes and comes var. vitis. infesting

Sugar Beet, 79.

rosip. food plants of, 78.

vulnerata infesting Sugar Beet, 79.

'ryiililiiryl)in;i>. .irtlcle on. cited. 78.

u

iiil.T, 1'. i;.. r.'j, 76.

on Corizus lateralis, 97.

uhleri. Agallia, 65, 7i).

Ilalticus, 87, S8.

]>iodernia. 97.

I'entatoma, 97.

undalis, Ilellula. 10(i, 107. 111.

undata, Oncometopia. 66, 70, 75.

nnicdlor, Macrobasis, 138, 139.

unipuncta. Leucania, 51.

T. S. De])artment of Agriculture, Division

of I'ublications, 57.

National Museum. 67.

^'an Duzce. E. 1'., 76.

on synonym.y of Stobera tri-

carinata, 67.

Verbenas infested by Common Red Spi-

der, 59.

Wild, infested by Smartweed Flea-

beetle. 119.

Vernonia infested by Aphis middletonii,

161.

versuta. I>iedroce|)l)al;i, 66, 71.

vicina, Pegomyia, .59, 60, 61.

Vines, leaves of. devoured by Clay-col-

ored Weevil, 145.

Vine-weevil, Black, 144. See under Black.

Violets infested by Spotted Cutworm, 104.

Virginia Creeper, Ash-colored Blister-bee-

tle on, 140.

injured b.v grape-vine leaf-hoppers,

virginica. Sjiilosoma, 146, 156.

vitiipennis. Hyaloides, 63.

vittata, Diabrotica. 115, 126.

Fpicauta, 138. 140.

lemniscata. Epicauta. 140.

Mi'getra, 138. 139.

I'hyllotreta. 114, 123.

vnlgare, Crchelimuni, 135.

>ulgaris, Brunella, 119.

vuliier.ita. T.vi)hlocyba, 79.

W
Wahoo, 13.

W.Mlnut. Black, 13.

infested by Empoasca mall, 78.

English. 13.

infested b.v Emi)oasca flavescens var.

birdii, 79.
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Walsh, B. D.. on injury to Grape by On-
cometopia nndata, 71.

Washington Agricultural Experiment Sta-

tion, 57.

Water Oak, parasitized Aspidiotus ob-

sourus upon, .31.

Watermelon, 140.

as food plant of Imbricated Snout-

beetle, l-i.i.

Webster, F. M., 80.

on Common Garden Web-worm.
108.

on Corizus lateralis, food plants

of, 97.

on Crepidodera atriventris, 117.

on False Chinch-bug, 96.

on injuries by Sweet Potato
Flea-beetle, 119.

on life history of Deltocephalus
inimicns, 74.

Web-worm, Beet, injuries, food plants,

distribution, life history, and para-

sites of, 109, 110, 111.

Common Garden, food plants, distribu-

tion, and injuries of, 108.

general appearance of chrysalis

and moth of, 109.

general description of larva of, 107.

life history and enemies of, 109.

Imported Garden, destructive to Cab-
bage, 106.

general description of larva of,

107.

injuries by, and distribution,

general description, life his-

tory, and parasites of. 111,

112.

Web-worms as beet insects. .50, .56.

garden, 106-112.

destructive to beets, 106.

food plants and deposition of eggs
of. 10(i, 107.

life history and enemies of, 107.

measures against, 107.

Wedding-bell, injured by Common Red
Spider, 58.

Weed, H. E.. on Muck Beetle, 165.

Weed, Jamestown, 117.

Weeds as food of Silpha bituberosa, 137.

destroyed by Pale-striped Flea-beetle,

121.

devoured b.y Tanymecus confertu^, 145.

by Western Army-Cutworm, 102.

eggs of Larger Meadow Grasshopper
in stalks of, 135.

infested by Beet Aphis, 1.59.

by Common Negro-bug. 99. 100.

by Corizus lateralis, 97.

by Flatas. 84.

by Garden Leaf-hopper, 88.

by Large-eyed Purslane Bug, 95.

by Pale-striped Flea-beetle, 121.

Weeds infested— Cow^m^fd.

by Pigweed Bug, 85.

leaf-beetles which breed on, 113.

leaf-hoppers infesting, 67, 68, 69, 70,

71, 73, 76, 77, 78, 79.

stalks of, eggs of Larger Meadow
Grasshopper deposited in, 135.

tree-hoppers infesting, 80, 81.

Weevil, Clay-colored, occurrence and in-

juries of, 144, 145.

Western Army Cutworm, 102. See Cut-

worm, Western Army.
Cabbage Flea-beetle, general descrip-

tion and injuries of, 123.

Green Stink-bug, distribution, injuries,

general description, and life history

of, 97-99.

Sugar Beet Company, damage to beet

plantation of, 60.

Whale-oil soap for San Jose Scale, 16, 24,

25, 26.

effect of, on Aspidiotus forbesi, 20.

on Scurfy Scale, 20.

and Paris green for Monoxia con-

sputa, 128.

Wheat as food plant of Cotton Cutworm,
148.

of Southern Corn Root Worm,
125.

destroyed by Western Green Stink-

bug. 97, 99.

eggs of Deltocephalus inimicns in

leaves of, 74.

of Western Green Stink-bug laid

on, 99.

infested by Corn Flea-beetle, 118.

by Ganathodus abdominalis and G.

impictus, 76.

by Phlepsius irroratus, 76.

injured by Cicadula 6-notata, 77.

b.v Common Grass-worm, 149.

by Deltocephalus nigrifrons, 75.

by Sweet Potato Flea-beetle, 119.

Whipping or brushing for blister-beetles,

54, 138.

White grubs, 56, 163-165.

as beet insects, 50, 52, 53, 56.

detailed account of, cited, 164.

injuries, life h'lstory, and food of

adult of, ig4, 165.

measures against, 165.

-lined Morning-sphinx, 156. See Purs-

lane-sphinx.

Pigweed, 52.

as food of beet leaf-miners. 60.

infested by Embletbis griseus. 94.

by Sphragisticus nebulosus. 94.

Wild Black Cherry infested by Eutettix

seminuda, 75.

Cucumber infested by Acanthoceros
galeator, 97.

Grape infested by Empoasca mall. 78.
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wild, Grape— Continued.

vine injured by species of Typhio-

cyba, 79.

Indigo injured by Common Gray Blis-

ter-beetle, 139.

Sensitlvc-pea, eggs of Imbricated

Snout-beetle deposited on, 144.

Service-berry Infested by Beet Aphis,

159.

Sunflower as food plant of Beet Army-
worm, 150.

of Margined Blister-beetle,

141.

verbenas infested by Smartweed Fiea-

beetle, 119.

Yarrow infested by Beet Aphis, 159.

Williams, T. A., 83.

on infestation of Beet by Melon
Aphis, 81.

Willow, 13.

as food plant of Zebra-caterpillar, 153.

blossoms and other leaves and blos-

soms Injured by Grape-vine Coiaspis,

125.

infested by Cicadula 6-notata, 77.

by Empoasca obtusa, 78.

Willows Infested by Phlepslus irroratus,

76.

"Wireworms, 161-163, 164.

agricultural procedure as preventive

measure against, 163.

as beet insects, 50, 52, 53, 56.

normal breeding grounds, injuries, and
life history of, 162, 163.

Woods, Chas. D., 57.

Woolly bears as beet insects, 50.

distribution, food habits, general

description and distinctions of

larvae and moths, number of

broods, and parasites of three re-

lated species of. 150-158.

xanthomela?na, Dlsoiiycha, 114, 116. 117.

Xiphidium, 1.36.

general description of, 131.

nemorale and X. strictum, characters

of, contrasted, 131.

strictnm and X. nemorale infesting

Sugar Beet, 136.

Ci-hracters of, contrasted,

Vol

general description of, 131.

Yarrow, Wild, infested by Beet Aphis,

159.

Yellow Bear, 146, 156. See under Woolly
bears.

-Blaclj Flea-Beetle, general description,

114. See also under Flea-beetle.

Grasshopper, general description and
hibernation of, 130, 131.

ypsilon, Agrotis, 102, 104.

Zebra-caterpillar, 51, 146.

distribution, description, and life his-

tory of, 154.

food plants of, 153.
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