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LEHER OF TRANSMITTAL

United States Department of Agriculture,
Bureau of Entomology,

Washington, D. C, March 2, 1911.

Sir: I have the honor to transmit herewith, for publication as

Bulletin 92 of the Bureau of Entomology, a manuscript prepared by
Drs. A. W. Morrill and E. A. Back, dealing with the life history of

the wliite flies injurious to citrus trees in Florida.

The investigation of the citrus white flies in Florida, under the

general direction of the assistant cliief of this bureau, Mr. C. L. Marlatt,

was begun in 1906, and is now approaching completion. There has

already been published a bulletin (No. 76) dealing fully with the

general subject of fumigation with hydrocyanic-acid gas for the white

fly. A circular (No. Ill) has also been issued, giving brief directions

for winter fumigation.

The present publication is a general account of the two species of

wliite flies which are of special economic importance to the citrus

grower in Florida. The publication includes the history of these

insects in the United States, their distribution and food plants, and
a very detailed study of the habits and life cycle of the two species.

A great deal of painstaking and minute work has been done, and the

information secured furnishes an accurate foundation for the develop-

ing of the best means of control.

Supplementing this publication, which deals largely with life his-

tory and habits, it is proposed to publish a bulletin on control by
sprays, fungi, and other enemies, and to supplement or reissue in

revised form the bulletui dealing with fumigation.

Respectfully,

L. O. Howard,
Entomologist and Ohief of Bureau.

Hon. James Wilson,
Secretary of Agriculture.
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WHITE FLIES INJURIOUS TO CITRUS IN FLORIDA.

INTRODUCTION.

The present bulletin includes the principal results of studies of the

two species of white flies most destructive to Citrus in the United

States, commonly known as the citrus white fly (Aleyrodes citri R.

& H.) and the cloudy-winged white fly (Aleyrodes nubifera Berger).

With these pests successful control measures must be based on a

complete understanding of the insects themselves. On this account

the study of the insects, their life history, seasonal history, habits,

food-plant relationships, and related topics has occupied an unusually

important position in the white-fly investigations.

The authors have concluded that unless natural enemies capable

of controlling the two white-fly pests are existent and are secured,

control measures will require permanent expert supervision for the

most satisfactory and economical results—not supervision of work in

individual citrus groves, but supervision aimed principally to prop-

erly correlate individual efforts and to take full advantage of favoring

local conditions. For supervision of this nature, a good foundation

of extensive and reliable studies of the insects is necessary. While
the portion of the white-fly investigations herein reported is com-
paratively extensive, it is necessarily not exhaustive and in the

course of time certain features of this work can undoubtedly be con-

tinued with profit as an aid to the future improvement of control

measures.

The wliite-fly investigations now in progress were begun in July,

1906, by the senior author, who was in field charge up to the time of

his resignation from the bureau in August, 1909, The junior author's

connection with these investigations dated from June, 1907. The
life-history studies of the first two years have been largely superseded

by the more extensive work of the third year. Practically all of the

data presented under the subjects of the life history and habits and
the seasonal history of each species are based on studies by tlie junior

author and were written by him. The remainder of the bulletin was
written by the senior author.
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SPECIES OF WHITE FLIES AFFECTING CITRUS.

Twelve species and one subspecies of the family Aleyrodidfe are

known to breed upon citrus. The list of these insects, the authority

for the original description, the recorded distribution, and the food-

])lant records are given in Table I:

Table I.

—

Aleyrodidx that breed upon citrus.

Species. Described by- Occurrenee.
Food plants other than

citrus.

Alcyrodes citri (sJ^l.

nintii).'

Aleyrodes floccosa
Alevrodes floridensis.

Riley and How-
ard.

Miiskell
Quaintancc

Aleyrodes giCfardi .

.

Aleyrodes howardi

.

Aleyrodes inarlattl

Aleyrodes iiiori

Aleyrodes iiiori arizonensis
Alevrodes nubifera

Kotlnsky. ..

Quaintahce

.

do
do

Cockerell...
Berger

Aleyrodes spinifera
Aleyrodes struthanthi

.

Aleyrodes vitrinellus -

.

Paraleyrodes perseiE. .

.

Quaintance.
Ileiripel

Cockerell
Quaintance

.

North and South America,
Asia, Japan.

Mexico, Jamaica
United States ( Florida) . .

.

Hawaii
Cuba, United States (Flor-

ida).

Japan
United States (Florida)..
United States (Arizona) .

.

United States (Florida,
Louisiana), Cuba.

Java
Brazil

Mexico
United States (Florida)...

See list, p. 29.

Guaiacum officinale.

Persea gratissima (alligator
pear), Psidium guajava
(guava).

None recorded.
Do.

Do.
Do.
Do.
Do.

Rosa spp.
Michelia flava, Loranthus

(strut hansus) flexicaulis.

None recorded.
Do.

' Mr. A. L. Quaintance, after carefid comparison of material from Maskell's collection, evidently t)-pe

material, with A. citri, comludcil I tiat M;i,sk('li's a »cnr!//( wastlicsameas Riley and Howard's c/Zr;. Through
the kindness of Mr. tiuainiaiuc Ilic authors have had an opportimity to examine the material referred to

and agree with hiiii in considering aiirnnlii a synonym o! cilri.

- There seems to lie some <loulit as to the ideiitity of the food plant of this species, for in connection with
the description tlie authority for it gives llie following food plant record: "On the under side of leaves which
appear to be those of orange."

Of the Aleyrodidffi referred to above, A. citri, A. giffardi, A. Tiowardi

(PI. II, figs. 2, 4), and A. nubifera are known to be orange pests or

capable of becoming orange pests. A. floridensis, A. mori (PI. II,

fig. 1), A. mori arizonensis, and Paraleyrodes 'persex (PI. II, fig. 3)

apparently are not likely to cause injury to citrus, while the remainder

of those listed are doubtful in this respect.

Paraleyrodes persese is found in all sections of Florida and is fre-

quently (|uite abundant, but in only one instance has it been known
to cause blackening of the foliage of citrus trees. This was in the

winter of 1906-7 and occurred in a pinery where in one section citrus

nursery trees w^ere being grown. In the course of two or three months
after being first noticed the insects were reduced to the point of

scarcity through ])arasitLsm by a new species of Encarsia, w^hich

Dr. Ij. O. Howard has described under the name of Encarsia variegata.

Observations extending over three years indicate that this parasite

will effectively control P. j^ersese and that it is unlikely that this

aleyrodid will ever cause noticeable injury under ordinary conditions.

It is, however, ])().ssible that the a])i)earance of a prolific hyperparasite

of Encarsia variegata might seriously interfere with the present equi-

librium in nature.
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Florida White Flies Mistaken for Citrus and Cloudy-Winged White Flies.
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ing eggs in circles ami adults. Fig. b.—Alei/rudes sp. on sea grape. (Original.)
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The woolly white fly (Aleyrodes liowardi Quaintance (PI. II, figs. 2,

4)) was first discovered in this country at Tampa, Fla., by the junior

authorm November, 1909. The insect appears to be of recent intro-

duction, since the infested area has been under observation at inter-

vals during the past three and a half years by the several men
connected with these investigations.^

Of the four species known to be destructive to citrus, Aleyrodes

citri and A. nuhifera are included in the investigations herein reported.

THE CITRUS WHITE FLY.

(Aleyrodes citri R. & H.)

HISTORICAL REVIEW.

Origin.

The origin of the citrus white fly is by circumstances quite defi-

nitely indicated to be Asiatic. The present known occurrence of it

in Japan, Chma, and India will be referred to under the subject of

distribution. The list of food plants, showing as it does the natural

adaptations in this respect, indicates in itself that the fly is not

native to either North or South America, but to Asia. Moreover, if

the citrus white fly were a species native to the Gulf coast region of

North America, or if it had been mtroduced before 1850, it would
almost certainly have become a pest worthy of mention by Townend
Glover in his reports on the orange insects of Florida published in the

United States Agricultural reports for 1855. and 1858. According
to these reports orange growing was very extensive in proportion to

the population and very profitable in spite of the temporary check

due to the freeze of 1835. The principal orange-growing district in

Florida was, at the time of the reports of Glover, already mentioned,

the northeastern section of the State, along the St. Johns River and
at St. Augustine. Orange growing on a large scale gradually spread to

the south and southwest, the center of production being correspond-

ingly moved. To-day citrus fruits are generally grown in all the

counties of the penmsula of Florida, yet, according to the authors'

estimates, only about 40 per cent of the orange groves of the State are

infested by A. ciiri.^ These infestations in the different sections are

almost without exception readily traceable to the ordinary sources

of dissemination, with all the evidence strongly against the fly having
been a native species infesting uncultivated food plants. The same
may be said in regard to the occurrence of the citrus white fly in

orange-growing regions in Mssissippi, Alabama, Louisiana, and Texas.

» The Woolly White Fly, a New Enemy of the Florida Orange. Bulletin 64, Part

VIII, Bureau of Entomology, U. S. Department of Agriculture, 1910.

^A. nuhifera alone occurs in not more than 5 per cent of the groves. In 15 of the

40 per cent above mentioned both A. citri and A. nuhifera occur.
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Early IIistory in the United States.

Riley and Howard give tlie following account of the status of the

citrus wliite fly previous to 1893:

For many years an important and interesting species of the type genus has been

known to infest orange trees in Florida and in more northern greenhouses, and more

recently the same form has appeared in injurious numbers in the orange groves of

Louisiana. In the Florida Dispatch, new series, volume 11, November, 1885, this

species received the name of Aleyrodes citri at the hands of Mr. Ashmead. The Florida

Dispatch, however, is a local newspaper of no scientific pretensions, and the descrip-

tion accompanying the name was entirely insufficient to enable recognition aside from

the food plant. We adopt the name in connection with a full description, not with a

view of encouraging such mode of publication, which is not sanctioned by the canons

of nomenclature formulated and generally accepted, but as a manuscript name, satis-

factory in itself, the authority to be recognized for it being comparatively immaterial.

Our first acquaintance with the species was in June, 1878, when we found it occur-

ring in profuse abundance on the leaves of the citrus trees in the orangery of this

department. Some observations were made upon its life history during that summer,

and all of its stages were observed. During the following years we observed it in

Florida, and it was studied by two of our agents, Mr. H. G. Hubbard, at Crescent City,

and the late Joseph Voyle, at Gainesville. The species was not treated in Mr. Hub-
bard's report on the insects affecting the orange, as we wished to give it a fuller consid-

eration than could then have been given, and other duties prevented doing so in time.

Moreover, at the time when Mr. Hubbard's report was prepared the insect had not

become of especial economic importance.

Since that time many further notes have been made in Washington, and we have

received the species from Pass Christian, Miss. ; New Orleans, La. ; Baton Rouge, La.

;

Raleigh, N. C; and many Florida localities; and during the past year or two it has

become so multiplied in parts of Louisiana and Florida as to deserve immediate

attention.

The authors quoted above specificall}^ recorded the occurrence of

the white fly in Florida only at Gainesville (Alachua County), Cres-

cent City (Putnam County)/ and Manatee (Manatee County). Dr.

II. J. Webber in 1897 (basing his statement on records in 1893 and
1894) referred to the occurrence of the white fly at the followmg addi-

tional points: Evinston (Alachua County), Ocala and Citra (Marion

County), Ormond (Volusia County), PanasofTkee (Sumter County),

Orlando (Orange Count}^, Bartow (Polk County), and Fort Myers
(Lee County) . Prof. II. A. Gossard in 1 903 mentioned only the follow-

ing additional localities specifically: Tallahassee (Leon County), Lake
City (Columbia County), Jacksonville (Diival County), and Candler

(Marion County). In the same publication the following additional

' Examination of the specimens of white flies in the collection of the Bureau of

Entoinf)logy, collected by Mr. II. G. Hubbard in 1895 and bearing the locality label

"Crescent City," indicate that this record with little doubt refers to Aleyrodes niibifera.

Circumstances known to the authors, but which need not be discussed here, show that

R-ith little dctubt the citrus white fly was the species present at Crescent City })efore

the freeze of the \\'inter of 1894-5. The specimens collected by Mr. Hubbard probably
came from the Hubbard grove at Haw Creek, several miles southeast of Crescent City.
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counties were reported more or less infested without reference to

definite localities: Baker, Jefferson, Leon, and Brevard.

Messrs. Riley and Howard and Dr. H. J. Webber advance no theo-

ries in regard to the original Florida infestations. Prof. Gossard,

however, has the following to say in regard to the matter:

The fly seems to have been first known throughout the region comprised in Vohisia,

Marion, Lake, Alachua, and Orange Counties, from which I have little or no doubt

it was transferred to the Manatee country and to local centers along the northern

borders of the State.

According to reliable information received from Mr. ^I. S, More-
man, of Switzerland, Fla. ; Mr. A. M. Terwilliger, of Minis, Fla., and
Mr. T. V. Moore, of Miami, Fla., the citrus white fly appeared in the

northern part of St. Johns County at a date which indicates that this

section was one of the first or possibly the first to be infested in the

State of Florida. Mr. Terwilliger informs us that he first observed

the white fly at Fruit Cove on the St. Johns River in 1879 in a grove

of large seedling trees owned by Col. McGill. The McGill grove

adjoined the grove of the Rev. T. W. Moore, whose son, Mr. T. V,

Moore, corroborates Mr. Terwilliger on the point of the occurrence

of the white fly in this section prior to 1880. Accorclmg to" Mr.

Moreman the white fly was known in the vicinity of Switzerland on
the St. Johns River in 1882, and was first discovered in his own grove
in 1888. The species concerned is with little doubt the citrus white
fly, A. citri, for the authors and Mr, W, W. Yothers have been unable

to find specimens of any other species at Switzerland or St. Augus-
tine, the two points visited in the northern part of St. Johns County,
or iit Green Cove Springs, located a few miles below Switzerland on
the west side of the St. Johns River in Clay County. These early

reports of the citrus white fly in this section of the State are supported
by the fact that the earliest collected specimens of this species in the

collection of the Bureau of Entomology bear the date 1888 and the

locality label "St. Nicholas, " a point located in Duval County about
15 miles north of Fruit Cove.

Interesting information concerning the early history of white-fly

infestations in Florida has been obtained from Messrs. Borland and
Kells, citrus growers at Buckingham, Lee County, Fla., formerly of

Citra, Marion County. According to these gentlemen, the presence

at or near Panasofl'kee, in Sumter County, Fla., of a small white

insect which caused blackening of the foliage of orange trees became
known among orange gi'owers around Citra, at that time in the

heart of the orange-gromng district of Florida, in 1881 or 1882.

The grove of Bishop Young, of Panasoffkee, was one of the first

reported infested. It is believed that Bishop Young, after traveling

in Asia (Palestine?), brought back with him plants which he set out,

and in a year or two thereafter blackening of the foliage of near-by
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citrus trees in association ^\ith a new insect pest first became notice-

able. Tbe wbite fly alTecting citrus trees at Panasoflfkee was exter-

niinated by tbe freeze of 1894-1895 and, so far as the authors can

learn, has not reappeared. There seems to be at present no means of

determining whether the report given above refers to the citrus

white lly or to the cloudy-wmged wliite fly.

Mr. A. J. Pettigrew, of Manatee, Fla., a reliable observer who has

been in the citrus nursery and orange-growing business in Manatee

County since 1884 and who has been familiar with the white fly since

its first discovery in that country, has furnished the authors with a

statement concerning the early history of the pest in that section of

Florida. According to Mr. Pettigrew, Messrs. C. H. Foster and F. N.

Ilorton each received from Washington, D. C, 6 tangerine trees in

1S86 or 1887—as near as can be determined at this time, although

possibly earlier by a year or two. A year or two after the trees were

received and planted, the fly was noted by Mr. Pettigrew as abundant

on a rough lemon near one of these tangerines, and the following 3^ear

it was first noted as abundant in a seedling orange grove near by.

At Mr. Pettigrew's suggestion specimens were sent to the Department

of Agriculture at Washington and identified as a white fly. These

specimens were probably sent to Washington in 1891, for a letter

from Mr. Foster, dated January 8 of that year, was published in

Insect Life^ with the reply. The oldest specimens of the citrus

white fly now in the collection of this bureau, which were collected

in Manatee County, Fla., bear the date of March 5, 1891, with "Man-
tee" as the locality record. These were probably sent in by Mr.

Foster in connection with later correspondence than that referred

to above.

Concerning the history of the citrus white fly in Louisiana, Prof.

H. A. Morgan in 1893 made the following statement:

This pest, common from Baton Rouge to the Gulf, is known as the white fly. Orange

growers claim that it has been recently introduced—that is, within the last ten years

—

and it is supposed to have come in upon plants brought to the New Orleans exposition

in the year 1885. The present wide distribution of the while fly in the southeastern

United .States is due to the lack of restrictions, until very recently, against shipments

of infested nursery stock and of ])rivets and the Cape jessamine.

Literature.

The citrus white fly was first given a valid scientific name and

adequately described by Riley and Howard in an article published

in Insect Life^ in April, 1893. Following the account of the early

history heretofore (pioted, these authors describe the difTerent stages

of the insect in detail, give an account of the habits and life history,

and give records with discussion of results obtained by a correspondent

' Insect Lite, vol. 4, p. 274. 2 Id., vol. 5, no. 4, pp. 219-226, 1893.
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in Manatee County, Fla., wlio luul undertaken some cooperative

experiments in spraying.

During tlie same year (1893) Prof. II. A. Morgan, then entomologist

of the Louisiana Agricuhural Experiment Station, gave an account of

the citrus wliite fly in Louisiana in a bulletin of that station.^

The Division of Vegetable Physiology and Pathology of the United
States Department of Agriculture began investigations of citrus

diseases in Florida in 1893. These included investigations of the

''sooty mold" resulting from white-fly infestation, and the first report

on the subject was published by Swingle and Webber in 1896 ^ and a

more extended report by Dr. H. J. Webber in 1897.^ Conclusions

from a series of spraying experiments are included in tliis pubhca-
tion and many important observations are recorded, particularly in

connection with the two most useful fungous enemies of the white fly

which were discovered by Dr. Webber in the course of liis work.

Prof. H. A. Gossard, then entomologist of the Florida Agricultural

Experiment Station, pubhshed, in 1903,* an account of the white fly

situation up to that time, with his conclusions from observations

extending over several years.

In a volume entitled "Citrus Fruits," pubhshed in 1904 by Prof.

H. H. Hume, four chapters are devoted to citrus insect pests and
methods of control, the white fly receiving due attention.

Since the present investigations by the Bureau of Entomology have
been in progress. Dr. Berger, entomologist of the Florida Experiment
Station, has pubhshed two bulletins^ wliicli present a summary of

wliite-fly conchtions with recommendations for control, particularly

with reference to the use of fungous enemies. In the later pub-
hshed of the two mentioned, the specific distinctions are pointed out

and illustrated, separating from the common A. citri the form which
Dr. Berger has named A. nubifera. .

•

Messrs. P. H. Rolfs and H. S. Fawcett, in a bulletin issued in July,

1908," discuss in a general way the use of fungous parasites of the white

fly in Florida and give recommendations for the introduction of the

tln-ee most common species. The most important contribution to our
knowledge of the fungous parasites of the citrus white fly is contained

m a paper by Prof. H. S. Fawcett, pubhshed in 1909.''

1 The Orange and Other Citrus Fruits. By W. C. Stubbs and H. A. Morgan. Spec.

Bui. La. Agr. Exp. Sta., pp. 71-73, 1893.

2 The Principal Diseases of Citrus Fruits in Florida. By W. T. Swingle and H. J.

Webber. Bui. 8, Division of Vegetable Physiology and Pathology, pp. 25-28, 1896.
^ The Sooty Mold of the Orange and its Treatment. Bui. 13, Division of Vegetable

Physiology and Pathology, U. S. Department of Agriculture, 1897.
* Wliite Fly. Bui. 67, Fla. Agr. Exp. Sta., June, 1903.

^ ^\^lite Fly Conditions in 1906, the Use of Fungi. Bui. 88, Fla. Agr. Exp. Sta., Jan-

uary, 1907; WTiite Fly Studies in 1908, Bui. 97, Fla. Agr. Exp. Sta., February, 1909.

« Bui. 94, Fla. Agr. Exp. Sta., July, 1908.

^ Special Studies No. 1, University of State of Florida, 1909.
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Ill Louisiana the demand for information concerning the citrus

white fly has resuhed in a pubhcation on this subject by JVlr. A. H.

Rosenfekl in 1907.^ The discovery of the wliite fly in CaUfornia in

the same year led to the publication, by Prof. C. W. Woodworth, of a

circular of general information,^ and of a second circular ^ dealing

with the methods of eradication that were being employed in that

State. A verj'' complete account of the white-fly infestation in CaU-

fornia was given by Mr. C. L. Marlatt, assistant entomologist of the

Biu'cau of Entomology, before the Entomological Society of Wash-
ington.^

The foregoing paragraphs refer to the principal pubhcations in

wliicli the citrus white fly is treated, exclusive of short papers in hor-

ticultural periodicals, j)ress bulletins, experiment station reports, and

transactions of the Florida State Horticultural Society. Numerous
press bulletins have been issued by the Florida State Experiment Sta-

tion deahng with several phases of wliite-fly control and written from

time to time as the occasion demanded by Prof. Gossard, Dr. Sellards^

Dr. Berger, and Prof. Fawcett.

Reviews of the wliite-fly situation foi" the year, with notes on new
observations, have been included in their annual reports by each of

the first three named, who have served successively as entomologist

at the Florida Experiment Station. Many important papers and dis-

cussions on the wliite fly have been published in the Transactions of

the State Horticultural Society, but for the most part these hava
been incor]:)orated or the ground covered more fully in the regular

bulletins referred to.

Taken as a whole, the literature on the citrus white fly is quite

extensive, giving a fairl}' good idea of the status of the white fly and

progress in methods of control from year to year since the publi-

cation of the pdlper by Riley and Howard referred to in the opening

paragraph.

The description of the diJferent stages and the account of the life

history and habits of the citrus white fly by Riley and Howard have

been followed quite closely by subsequent writers, few athlitional

records having been made up to the beginning of the present investi-

gations. Records of food plants, miscellaneous life-history records,

general results of field experiments, and conclusions from general

observations on the efficiency of si)raying, fumigating, and natural

control by fungous diseases have been published by Messrs. H. J.

Webber, H. A. Gossard, E. H. Sellards, E. W. Berger, and H. S.

Fawcett. Comparatively little real chxta has been i)ublished so far in

' Circular 18, State Crop Pest Commission of Louisiana, 1907.

^ Circular 30, California Agricultural Experiment Station, 1907.

^ Circular 32, California Agricultural Experiment Station, 1907.

* Proceedings of the Entomological Society of Washington, vol. 9, pp. 121-123, 1908.
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connection with experimental work Avdth the white fly, A review of

all the literature to date shows that data have been published on the

effect of kerosene emulsion on wliite-fl}^ eggs, by Riley and Howard;

on the subject of effects of cold upon white-fly larvae and pupae, by

Prof. Gossard; on the percentage of trees infected by the spore-

spraying method of introducing the fungous parasites, and on the

amount of honeydew secreted by the larvae of the insect, by Dr. E. W.
Berger;' upon subjects related to fumigation,' by the senior author of

the present bulletin; and on laboratory experiments with the fungous

parasites, by Prof. H. S. Fawcett. Aside from the above, practically

no data have been heretofore published.

INJURY.

Nature of Injury.

The direct injury by the citrus white fly may be included under

two main heads: (1) Injury by removal of sap from foliage, and (2)

injury from fungous growth known as sooty mold (Meliola), which

develops upon foliage and fruit on the excretions of the insects.

The direct injury is principally included as loss in value of trees,

extra expenses of maintenance, and losses from scale insects and dis-

eases, which more seriously affect white-fly infested trees.

LOSS OF SAP.

The amount of sap extracted by the insects is not generally con-

sidered an item of great importance compared with the injury from

sooty mold. While the extraction of sap by itself probably would

not cause sufficient injury to make the white fly rank as an important

citrus pest, it is doubtless of considerable importance when combined

with the lowered assimilative powers of the foliage due to the sooty

mold. As mentioned more in detail under the subject of feeding

habits, it has been estimated that the loss of sap per day amounts to

about one-half of a pound for 1,000,000 larvae and pupae.

SOOTY MOLD.

Sooty mold is the principal evidence of white-fly injury, and is the

most important element of damage, affecting both the foliage and fruit.

(See PI. I, frontispiece.) No special attention has been given by the

authors to its botanical aspects, but the following notes concerning it

are taken mainly from Dr. H. J. Webber's report on tliis subject:'

' Fumigation for the Citrus White Fly as adapted to Florida Conditions. Bulletin

76, Bureau of Entomology, U. S. Department of Agriculture, Oct. 31, 1908.

2 Bulletin 13, Division of Vegetable Physiology and Pathology, U. S. Department

of Agriculture, pp. 5-11, 1897.

86850°—Bull. 92—11 2
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The sooty-mold fungus is a species of the genus Mehohx ^ of the

order Pyrenomycetes. Dr. Webber states that in Florida and Loui-

siana it is quite generally known as smut or black smut, but as the

fungus concerned is not a smut fungus these terms are erroneous,

and their use should be discontinued. When abundant on leaves and

fruit of citrus, tlus fungus forms a dark-brown or black membranous

coating composed of densely interwoven branched mycelial filaments.

At first this coating covers only limited spots or is not thick enough

to form a distinct membrane, but later, if the honeydew-secreting

insects are abundant, the coating becomes thick enough to be entirely

removed from the leaf and torn like paper. (PI. Ill, figs. 1,2.)

Frequently the fungus membrane becomes detached at some point

and is caught by the wind and large fragments torn off. These

fungus fragments are found scattered about in badly infested groves

in the fall, being especially noticeable during the winter after a high

wind or after the trees have been sprayed.

Dr. Webber recognized several forms of reproductive agents, which

are easily distributed by various means, but principally by winds.

The fungus is entirely saprophytic in so far as known, deriving its

nourishment from the honeydew secreted by certain insects. As such

honeydew falls mostly on the upper surface of the leaves and on the

upper half or stem end of the fruit, the sooty mold develops most

densely in these places, but it is usually present to a greater or less

extent on the lower surface of the leaves, sometimes developing in

tmfts on drops of hone3^dew which diseased insects fail to expel in a

normal manner. Sooty mold also develops on the twigs and in

some cases on the sides of buildings when heavily infested trees are

growing near by.

Seasonal liistory of sooty mold.—The sooty mold resulting from the

attacks of the citrus white fly is most abundant late in the season.

Very little sooty mold develoj)s during tlie winter months, while the

films of blackish mycelium graduallj'' become removed from the leaves

by winds and rains and much is knocked off in picking the fruit, in

spraying, pruning, fumigating, etc. The thicker the coating of sooty

mold, the more readily and thoroughly it is removed. By the time

of the appearance of the new spring growth the greater part of the

sooty mold on the old leaves has disappeared and from this time to

the 1st of May there is very little, if any, evidence of a new growth

of this fungus. Slight blackening of spring growth has been noted

as far north as Island Grove in Alachua County, Fla., as early as

May 20, the average number of live larvae and pupae per leaf being

estimated as about 50, not including old leaves which were practically

uninfested. By June 20, leaves from Mcintosh, in the same county,

' Generally referred to M. camellise (Catt.) Sacc, but perhaps including more .than

one speciea.
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Sooty Mold.

Fig. 1.—Sooty mold on orange leaf following white-fly attack; broken and falling from leaf.

Fig. 2.—Sooty mold on cinnamon tree following attacks by cinnamon scale. (Original.)
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with an average of about 11 live larva^ and pupa cases* per leaf, were

slightly blackened. In general, heavy coats of sooty mold on leaves

are common in Florida b}^ the 1st of June in groves heavily infested

by the citrus wliite fly.

Effect of sooty mold on leaf functions.—Dr. Webber has discussed

the effect of sooty mold on leaf functions in the report already referred

to, and as there is nothing to add at this time, the following paragraph

(pp. 10-11) is quoted:

"WTien it is remembered that various investigations have shown that the process of

phytosyntax - is almost entirely checked in a plant placed in the back part of a living

room, opposite a window, where the light is fairly bright, but diffused, it can readily

be judged that the effect of the dark, compact mycelial membrane of the sooty mold

covering the leaves would be to almost wholly check the process of phytosyntax in the

orange tree. Quite bright or direct sunlight is necessary for the best results. The
injurious effects of sooty mold on the phytosyntax was clearly demonstrated by Busgen.

He removed the fungus membrane from a small portion of a leaf and exposed the leaf

to the sun. In the evening, after a sunny day, the leaf was plucked and the chlorophyll

extracted with alcohol. After this leaf was treated with iodine, the parts from which

the membrane had been removed in every case stained a dense blue, indicating the

formation of an abundance of starch, while the surrounding portions of the leaf, which

were protected from the sun by the fungus membrane, remained entirely uncolored,

showing that no starch was formed. The stomata, or breathing pores, are also to some
extent closed by the sooty mold, and in this way the passage of gas is more or less

hindered. In the orange leaf, however, the stomata are confined to the lower surface,

where generally there is but little sooty mold. In plants where the stomata are on the

upper surface of the leaf also, the damage resulting from the obstruction of the passage

of gases would probably be considerably greater.

Extent of Injury.

In the following discussion the statements concerning injury and

the estimates of the extent of this injury by the citrus white fly refer

to groves in which the fly has become well established and in which

no remedial measures have been practiced.

INJURY TO FRUIT.

Unless otherwise stated, oranges and tangerines are referred to.

These constitute more than 88 per cent of the citrus fruit crop of

Florida. The total injury to grapefruit by the citrus white fly is

rarely over 15 per cent and is frequently inappreciable.

Ripening retarded.—Ripening of fruit on heavily infested citrus trees

is greatly retarded, and in case of the formation of a veiy heavy coat-

ing of sooty mold on the upper half of the orange the rind underneath

it may remain green indefinitely while the lower half of the fruit is

* Some of the first generation had matured, but are properly included with the

insects responsible for the sooty mold present.

^ " Phytosyntax '

' refers to the process of the formation of complex carbon compounds

out of simple ones under the influence of light; ' 'photosynthesis" is a more common
term for this process of assimilation.
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well colored. The retardation of ripening, delaying as it does in some

cases the time when the fruit is marketable and materially increasing

the percentage of culls, causes injury which is very conservatively

estimated to range from 2 to 5 per cent of the value of the crop. The
injury to grapefruit in retardation of ripening by the citrus white fly

is much less, varying from none at all to 2 or 3 per cent.

Numher and size.—The greatest injury by the white fly is in the

reduction of the salable crop of fruit. Dr. Webber on this point

makes the following statement •}

The effect of the sooty mold on the orange is very noticeable, the growth being

usually greatly retarded and the blooming and fruiting light. In serious cases growth

is frequently entirely checked, and blooming and fruiting wholly suppressed until

relief is obtained.

Prof. Gossard has estimated ^ that during a six-year period the

reduction in yield due to the citrus white fly is from 25 to 40 per cent.

Replies to a circular letter of inquiry addressed to orange growers

and the observation of the authors in Florida indicate that the reduc-

tion in yield due to the citrus white fly amounts to 50 per cent, on

the average, when no artificial methods of control are practiced.

From information received from many growers and from personal

observation, the authors would estimate that with continued good care

and with the additional fertilizer usually given infested trees the

reduction in yield in different groves in a series of years amounts to

an average between 20 and 50 per cent.

The decrease in yield due to white-fly infestation ordinarily consists

of a decrease in the actual number of fruit produced and also in the

packing size. From information obtained it seems a conservative

estimate to consider that oranges and tangerines are reduced either

one or two packing sizes as a result of white-fly attack. For each

packing size, the number of reduced fruit remaining the same, the

reduction in the crop would average about 12.5 per cent.

Expense of cleaning.—Fruit noticeably affected with sooty mold

requires cleaning before marketing. One of the most economical

machines for washing fruit used in Florida is a California washer used

by Mr. F. D. Waite, of Palmetto, and Mr. F. L. Wifls, of Sutherland.

The cost of wasliing with these machines ranges from 1.4 to 2.5 cents

per box. The cost of cleaning ^\^th the simplest machines is about

5 cents per box. Mr. E. II. Walker, of Orlantlo, Fla., estimates the

cost of hand cleaning oranges at 10 cents per box as a minimum and

7 cents a box for cleaning grapefruit. In consideration of the fore-

going it is estimated that the range in cost of cleaning the sooty

mold from fruit to be from 1 to 10 per cent of the value of the crop.

Shipping and Jceeping quality.—The sooty mold produced by the

white fly and other citrus pests does not, so far as known, affect the

' Loc. cit., p. 9. 2 Bui g7^ pi^. Agr. Exp. Sta., p. 617.
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shipping quality of the fruit directly, but the processes of cleaning

have been proved to be of considerable importance in this respect.

The subject of the deterioration in shipping quality of citrus fruits

has been thoroughly investigated in California by agents of the

Bureau of Plant Industry under the direction of Mr. G. H. Powell.*

Their report shows in a conclusive manner that the amount of decay

in shipment is very materially increased by brushing or washing the

fruit to remove the sooty mold. Table II, arranged from data pub-

lished in the report referred to, shows the effect of dry brushing and

washing fruit on the percentage of decay.

Table II.—Effect, on decay, of cleaning sooty moldfrom fruit.

Record
No.
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be found in the market. When trees are supplied with as much
fertihzer as thoy can use to advantage the white fly does not ordi-

narily allect the flavor of the fruit to such a noticeable extent as is

commonly believeil. It is suspected that a well-grounded prejudice

against the white fly rather than a discriminating taste is responsible

for a large part of the supposed efl^ect on the flavor of the fruit in

infested groves.

Increased injury from scale insects and from jylant diseases.—The
number of culls is in some cases very much increased by diseases and

insect pests which thrive after the trees have been weakened by the

white fly. There are no data available showing the usual increase in

percentage of fruit injured by scales and by diseases of the trees as

a result of white-fly infestation, but this is a consequence observed

by many citrus growers and is properly considered a factor of white-fly

injury. As such it is conservatively estimated to vary from 1 to 5

per cent in groves thoroughly infested, although an instance of a

valuable crop being completeh' ruined by secondary scale attack has

come under the authors' observation.

Marlcet value.—Imperfections in fruit rind due to diseases and

insect ])ests as followers of the white fly and to failure of fruit rind to

color up normally, in addition to the direct efl'ect on the size of the

marketable crop as heretofore discussed, usually lower the average

grade even after the fruit is cleaned by the most approved methods.

A few growers claim that after being cleaned their oranges and tanger-

ines bring as good prices as any, and leaving out of consideration

instances where it is claimed that most or all of the fruit is rendered

absolutely unsalable under any conditions, we may conservatively

estimate the depreciation in market value to range from none at all

to 10 per cent.

Sooty-mold-blackened oranges shipped without cleaning have a

market value ordinarily from 25 to 50 cents less per box than the

same fruit would have cleaned.^ Certain Florida brands of oranges

well advertised, carefully graded, and packed, would fail to bring within

a dollar a box of their average value if they appeared on the market

blackened by sooty mold.

Losses to growers estimated on basis of prices paid by orange buyers.—
The authors are indebted to Mr. E. H. Walker, of Orlando, for the

information that during the season of 1907-8 orange buyers in Florida,

paid from SO.75 to $1.45 for oranges free from white-fly effects, and
from SO.50 to SI per box for fruit blackened by white fly; during

the season of 1908-9 the price paid for clean fruit varied from $0.60

to $1 per box, and from $0.50 to $0.75 for fruit blackened by sooty

mold. The loss to the growers is not entirely represented by these

' Statement based on information from Mr. E. II. \\alker, Orlando, Fla.
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fio;ures, since, according to IV'Ir. Walker, the best prices were not paid

for sooty-mold-blackened fruit until late in the season after the clean

fruit had nearly all been shipped or disposed of. Clean fruit at this

time would have been proportionally more profitable.

INJURY TO TREES.

Weakening of vitality.—It is doubtful if the white fly is ever the

direct cause of the killing of trees, limbs, or twigs in well-fertilized

groves. It does, however, seriously stunt the growth of all heavily

mfested trees, and may temporarily entirely check the growth of

young trees. Its greatest effect on the vitality of the tree is an indi-

rect one. Infestation by the white fly appears to weaken the resist-

ance of orange and tangerine trees to foot rot, die back, melanose,

wither tip, and drought, and favors the multiplication of the purple

and long scales which are second to the citrus white fly as citrus pests

m the Gulf coast regions.

Depreciation in value.—The selling values of citrus groves are greatly

reduced by white-fly infestation, and citrus nurseries have their ter-

ritory for sales much restricted and values reduced. Concerning the

reduction in value of groves of bearing trees one of the most experi-

enced dealers in orange groves in the State estimates that it is in

general about one-third. For years California has been closed to

Florida nurserymen as a field for the sale of citrus nursery trees, and

a similar quarantine regulation has recently gone into effect in Ari-

zona. In Florida and in citrus-growing sections of other Gulf coast

States a guaranty of freedom from wliite fly is generally rec^uired,

especially when the purchaser contemplates planting a more or less

isolated grove.

SUMMARY OF LOSSES.

The estimates in the foregoing pages refer to ordinary losses where

the white fly is unchecked by natural enemies or by artificial methods

of control and not to exceptional or occasional losses. These esti-

mates, as applying to the fruit, are summarized in Table III.

Table III.

—

Estimates of losses to orange crops by white fly in uncontrolled condition.

Maximum. Minimuin. Mean.

Ripening retarded
Number and size of fruits

Cost of cleaning
Deterioration in shipping quality
Indirect injury: Increased scale and disease effects on fruit
Loss in market value

Total

Per cent.

5
50
10
6

5

10

Per cent.
2

20
1

2
1

Per cent.

3i
35

5i
4
3

5

26 56
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The mean of the total percentage of estimated loss is considered by

the authors to represent about the normal loss which the citnis white

fly is capable of causing in orange groves. It is estimated that the

condition is reduced to about 45 per cent loss in the average infested

grove as a result of net profits from spraying with contact insecticides

and of the natural efficiency of fungous diseases.

From extensive records obtained in the course of their investiga-

tions the writers estimate that the citrus white fly infests at present

45 per cent of the citrus groves in Florida. Of this, 5 per cent is a

sufficient allowance to represent the groves so recently infested that

normal abundance of the pest has not been reached. An injury of

45 per cent in 40 per cent of the groves is equal to about 18 per cent

of the entire value of the crop as it presumably would have been if

the white fly were not present.

The latest Florida citrus crop concerning which statistics are avail-

able is that of 1907-8.^ The orange crop for that season is valued

at $3,835,000. With an estimated total loss of about 15 per cent

this represents 85 per cent of the value of the crop if not affected by
the white fly. Accordingly, the estimated loss in Florida is calcu-

lated to have been about $680,000 for oranges and similarly on the

basis of 10 per cent loss to grapefi-uit on a valuation of $469,700, the

percentage of infested groves the same as in the case of the orange

groves, a loss of $16,700 is estimated, making the total loss in valua-

tion of fruit about $696,700 for the crop of 1907-8. The crop of

1908-9 was doubtless affected to the extent of $750,000 by the citrus

white fly.

At present the spread of the fly into uninfested groves is undoubt-

edly faster than at the rate of 5 per cent new infestations per year.

Even on this basis, however, the annual increase in depreciation in the

value of Florida citrus groves due to white-fly infestation is more than

$200,000 per year.^ In addition, the citrus nursery business in Florida

is affected to an extent hard to estimate, but which would be oidy

nominally represented by $50,000 per year.

Figures are not available which would allow a])proximate estimates

to be made of the damage by the citrus white fly in the Gulf coast

citrus-growing sections outside of Florida, but the widespread occur-

rence of the white fly in those States indicates that the losses are

heavy.

INCREASED COST OF MAINTENANCE.

The items of expense of maintenance principally affected by the

white fly are fertilization, spraying, and fumigation. In Florida

' Tenth Biennial Report of the Commissioner of Agriculture of the State of Florida.

^ This is not shown by actual depreciation, for the number of groves coming into

bearing for the first time each year more than covers the loss.
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ordinaril}^ the expense of the fertihzer necessary to maintain orange

trees in good productive condition varies from 10 to 20 cents per box

of fruit produced. The wide range given is largely due to differences

in soil conditions. Mr. E. O. Painter, in response to an inquiry on
the subject, writes that citrus trees infested with white fly in his

opinion require at least 15 per cent increase in fertilizer for best

results under the circumstances. On the basis of cost of fertilizer

amounting to 10 to 20 cents per box and an increase of 15 per cent

due to white fly infestation, the extra expense which may be charged

as white fly injury amounts to 1.5 to 3 cents per box.

Cost of control measures properly chargeable to increased cost of main-

tenance.—Estimates based on the experience of the writers in fumi-

gating and in spraying for the white fly give the range in expense of

the former method of control as 5.5 to 14 cents per box of oranges

produced, and of the latter method 12.5 to 20 cents per box. These

estimates refer to thorough control, with the result that production is

entirely unaffected by the white fly. The minimum estimate on the

expense of fumigation refers to groves so located that the migrations

of adults from outside groves does not make treatment necessary more
than once in two years. The maximum estimate refers to conditions

where treatment every year is required to prevent loss. Increase in

production, due to destruction of scale-insect pests, is not taken into

consideration. In the estimates of expense of control by spraying

the minimum estimate refers to cases where three applications of in-

secticide per year have resulted in satisfactory control. This result

can be attained only after the insect has been brought into complete

subjection, such as referred to in the introductory paragraph of the

subject of artificial control. Insecticides costing more than 1^ cents

per gallon when mixed ready for application have not been taken

into consideration.

DISTRIBUTION.

As has been shown in the historical review, the citrus white-fly

at present is generally distributed in North America. In the north-

ern part of the United States it occurs in greenhouses, and in the

southern part, and in limited districts in California, it occurs on
citrus, China trees, privet, cape jessamines, and other food plants.

In the present publication we are concerned only with the distribu-

tion of the species in the citrus fruit-growing regions of the United

States.
In the United States.

According to the statistics of the Florida commissioner of agricul-

ture, in 1905 there were 17 counties in the State reporting more
than 5,000 bearing citrus fruit trees. In all but two of these, Dade
and St. Lucie, the citrus white fly (Aleyrodes citri) occurs to a greater
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or less extent. (See fig. 1.) The 17 counties referred to, arranged in

order of the number of bearing citrus trees, is as follows: Orange, Lake,

Volusia, Polk, Putnam, Brevard, Hillsboro, De Soto, Lee, Manatee,

Dade, Marion, St. Lucie, Osceola, Sumter, St. John, and Alachua.

Palm Beach as well as Dade and Monroe Counties are infested with the

cloudy-winged white fly, as hereafter noted, but so far as known the

citrus white fly does not occur there. In order of the percentage of

groves infested the foregoing counties which are known to be infested

would be arranged about in the following order, so far as our obser-

vations and records show: Marion, Alachua, St. John, Manatee,

Orange, Lee, Volusia, Polk, Putnam, Lake, Hillsboro, Sumter, De
Soto, Osceola, and Brevard. If the groves infested by the cloudy-

winged white-fly only were also taken into consideration, Hillsboro

and Lake Counties

would be transposed

in the list, as would

Osceola and Brevard,

l)ut aside from this

there would be no

change. The arrange-

ment is only approxi-

mate, being based on

observations made
by the various men
connected w4th the

wdiite-fly investiga-

tions upon informa-

tion and samples of

infested leaves re-

ceived from corre-

spondents and upon

nearly 250 replies received in response to circular letters sent out in

the spring of 1907.

At the present time the writers estimate that througliout the State

of Florida about 40 per cent of the citrus groves are infested by the

citrus white fly, and that an additional 5 (or 10) per cent are infested

by the cloudy-winged white fly alone.

The citrus white fly occurs in nearly all the larger towns in north-

ern Florida, infesting the various food plants which are grown as

ornamentals as well as the citrus fruit trees which are grown to a

limited extent. The insect is of common occurrence, principally on

Cliina trees, cape jessamines, and on privet and hedges of Citrus

trifoluUa in South Carolina and in southern Georgia, Alabama, Mis-

sissippi, Louisiana, and Texas. In the last two States citrus fruits

are being grown quite extensively, and a large percentage of the

citrus-growing localities are infested.

Fig. 1.—Map showing distribution of the citrus white fly {Aleyrodes

ritri) in Florida. (Original.)
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Aside fi'om the Gulf coast States, citrus fruits in the United States'

are grown only in California and Ai'izona. The citrus white fly does

not occur in Arizona, In California the pest was first discovered in

May, 1907, Mr. C. L, Marlatt has given the following account of

the distribution of the white fly in that State in 1907:^

Marysville is situated a few miles north of Sacramento, and the first infestation

seemed limited to this town, but toward the end of the summer the white fly was

discovered well established at Oroville, in Butte County, some 26 miles to the north

of Marysville. The Marysville infestation was confined to the town and to yard trees

or small garden orchards. Oroville lies iii a considerable orange district, and the

white fly had been carried from the town into several of the adjacent orchards and
had become rather widely scattered. Shortly after the discovery of the fly at Marys-

ville it was found also to have established itself locally near Bakersfield," in the south-

ern end of the San Joaquin Valley, and separated only by a mountain range from the

citrus districts of southern California.

In Foreign Countries.

For years the citrus white fly has been supposed to be an intro-

duced species, and much interest has been attached to its occurrence

elsewhere than in North America. Prof, H, A. Gossard in 1903

stated that Mr. Alexander Craw, of the California State conmiission

of horticulture, had received this species on plants from Chile, where
it was reported to be a great pest. Mr. G. W. Kirkaldy, in his cata-

logue of the Aleyrodid^, in 1907, gives "Mexico, Brazil, and Chile

(?)" as the known habitats of the citrus white fly outside of the

United States. The writers are informed by Prof. A. L. Quaintance

that he was told in person by the late Prof. Rivera, of Santiago,

Chile, that the citrus white fly was abundant in that country. Prof.

Carlos Camacho, chief vegetable pathologist at Santiago, Chile, is

also, according to Prof, Quaintance, authority for the statement that

it occurs there.

The Bureau of Entomology received, in 1906, specimens of an
aleyrodid on orange leaves from China which Prof. Quaintance
determined as Aleyrodes citri,^ and still more recently it received,

through Mi". August Mayer, in charge of plant-introduction garden,

and through the California state commission of horticulture, speci-

mens of orange leaves infested with what Prof. Quaintance has
identified as this species from different parts of China and Japan.
The occurrence of the citrus white fly in India (northwestern Hima-

layas) has recently been established by Prof. Quaintance, who has
compared Maskell's A. aurantii, collected in the region mentioned

1 Proceedings of the Entomological Society of Washington, vol. 9, pp. 121-122,

1908.

^ Specimens of the species present at Bakersfield were examined by the senior

author at the California State Insectary at Sacramento and found to be the cloudy-

winged white fly (A. nubifera).

3 Proceedings of the Entomological Society of Washington, vol. 8, Nos. 3-4, p. 107.
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above, with A. citri, and failing to find any differences in the egg and

pupal stages foiintl it necessary to regard the name given by Maskell

as a synonym of that given by Riley and Howard.

The citrus white fly does not occur in Cuba, so far as known,

although it is not unlikely to be found there, since there have been

heavy shipments of nursery stock from infested citrus nurseries in

Florida to that country during the last few years.

FOOD PLANTS.

AUTHENTIC AND QUESTIONABLE RECORDS.

The separation as distinct species of two forms foimerly considered

as belonging to the species Aleyrodes citri makes it necessary that

all of the reported food plants of the citrus white fly be verified.

Nearly 60 species of the genus Aleyrodes have been recorded for

North America. Of these less than 20 have been described in the

first larval stage in a maimer which distinguishes them, although

when carefully studied this stage has been found to have striking

specific characters. The second and third larval stages rarely possess

distinguishing characters. The fourth or pupal stage, or the empty
pupa case, is used as the basis of specific descriptions in the Aley-

ro(Udae, but even in this stage a careful microscopic examination is

usually necessary to positively determine the species. Good specific

distinctions in the adult stage have been found only in a few species,

and even those entomologists who have made a specialty of the Aley-

rodidse do not attempt to distinguish the different species in this

stage. It is obvious, therefore, that a list of food plants should

properly include only those verified by entomologists, with determin-

ations of the species made since the status of the two- most abundant

citrus-infesting species of Aleyrodes has been fully recognized. Dr.

F,. W. Berger has recently arranged the full list of food plants and
reported food plants in a graphic manner, separating the list into

two classes according to the degree of preference, and each class is

subdivided into native and introduced species. This method of

grouping the food plants is here adopted (see Table IV) with the

transposition of the lilac and coffee from class II to class I and omit-

ting certain reported food plants in order to restrict the list to include

only positive records, leaving the others for a separate discussion.

Dr. Berger has recently discovered the citrus white fly on wild olive,

and has also verified Prof. Gossard's report of the citnis white fly on
Viburnum nudum. Both of those food plants, together with the

green ash, will eventually be found to be subject to heavy infestation

and be })laced in class I.
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Table IV.

—

Dejinilehj known food plants of the citrus vhite fly (Aleyrodes citri).

Class I. Preferred.
Introduced:

1. Citrus (all species cultivated in America).

2. China tree {Melia azedarach).

3. Umbrella China tree (Melia azedarach umhraculifera)

.

4. Cape jessamine {Gardenia jasminoides)

.

5. Privets (Ligustrum spp.).

6. Japan persimmon {Die^jpyros haki).

7. Lilac ("Synngra sp.).

8. CoHee (Coffea arabica)

.

Native:

9. Prickly ash {Xanthoxylum clava-herculis)

.

10. Wild persimmon {Diospyros virginiana)

.

Class II. Occasionally Infested.
Introduced

:

11. Allamanda (Allamanda neriifolia)

.

12. Cultivated pear {Pyrus spp.).

13. B&nanSi, shruh (Magnolia fuscatum).

14. Pomegranate (Punica granatum).

Native:

15. Smilax (Smilax sp.).

16. Cherry laurel (Prunus laurocerasus)

.

17. Wild olive or devilwood (Osmanthus americanus).

18. Viburnum ( Viburnum nudum).

19. Green ash (Fraxinus lanceolata)

.

In addition to those in the foregoing Hst ^ there are several plants

reported as food plants of the citrus white fly which, while probably

true food plants, can not consistently be included in the recognized

list until the observations have been repeated and the infesting spe-

cies positively identified. In some instances where eggs or larvae

have been found there is doubt as to whether the white fly could

develop to maturity on the plants in question. Plants upon which

the insect is unable to develop to maturity can not properly be con-

sidered true food plants. The following is the list of plants reported

as food plants, but which in each case require further observations

either as regards the ability of the insect to reach maturity thereon

or as regards the species of white fly concerned, in view of the recent

separation of A. citri and A. nubifera: Water oak, reported by Prof.

A. L. Quaintance; Ficus altissima, Ficus sp. (from Costa Rica), and

scrub palmetto, reported by Prof. H. A. Gossard; honeysuckle and
blackberry, reported by Dr. E. II. Sellards; oleander, reported by

' In addition to those already mentioned as being food plants in Florida, the follow-

ing plants are on record at the State insectary at Sacramento, Cal., as food plants of the

citrus white fly observed at Marysville and Oroville by agents of the State commission

of horticulture: English ivy (Iledera helix), yellow jessamine (Jasminum odoratissi-

mum), Ficus macrophylla, bay (Laurus nobilis), tree of Heaven (Ailanthus glandulosa),

and crape myrtle (Myrtus lagerstroEViia) . Information concerning the authorities for

the plants listed is not available.
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the senior author of the present piibhcation; c-ftinellia, reported by

Dr. E. W. Berger. In the case of the hist two plants mentioned

the uncertainty as to their proper standing is on the possibiUty of

the insect reaching maturity thereon and not on the identity of the

infesting species.

The present status of the phmts whicli liave heretofore been listed

by entomologists as food plants of the citrus white fly is showai in

the foregoing paragraphs. There are doubtless numerous additional

mtroduced species and a few additional native species of plants occur-

ring m the United States which serve or are capable of serving as

food plants of the citrus white fly, but for the reasons connected with

the identification of the insects, stated in the opening paragraph under

the subject of food plants, reports of food plants other than those

included in classes I and II should never be credited unless verified

by or made by an entomologist. There are no important food plants

occurring in the Gulf coast region omitted from this list, and future

additions to the list probably will be of little significance economically

as affecting the control of the pest. There is a widespread belief that

many other conunon trees, shrubs, and vines in Florida are food plants

of the citrus white fly, but the correctness or falsity of this belief

can be readily ascertained in the case of the individual ])lants sus-

pected by submitting specimens of the foliage and of the infesting

msect to the Bureau of Entomology or to theState experiment station.

There are three common causes for erroneous reports concerning

citrus white-fly food plants. The first is the presence of sooty mold

on many plants, (kie to other honeydew-secreting insects, sucli as

aphides, scale insects, and mealy bugs. The insects themselves are

not seen in this case and the mistaken idea is due to ignorance of the

fact that other insects than the citrus white fly excrete honeydew on

which the same species of sooty mold fungus thrives. The second

cause for erroneous reports in this respect is the misidentification of

the insect concerned. The necessity for the icknitiflcation of the in-

festing insect by an entomologist has been discussed. The tliird

cause is tlie frequent occurrence of the adult citrus white fly on the

foliage of plants u])on which it does not breed and upon which it sel-

dom or never deposits an egg. In the course of the present investi-

gation by the Bureau of Entomology several trees and shrubs have

been thoroughh' tested as possible food plants by cage experiments,

and observations have been made on these and other plants, sliowmg

that if it is possible for the citrus white fly to develop on one of them,

it is, at the most, of too rare occurrence to be of any significance.

Cage tests have been made with oak (Quercus hrevifolia), Magnolia

( Magnolia fostida) , blackberry (Ruhus spp.). Laurel cherry or mock
olive (Prunus caroliniana), and cultivated figs (Ficus carica) and crape

myrtle (Myrtus lagertrosmia). In each case a rearing cage (PI. VII)



THE CITRUS WHITE FLY: FOOD PLANTS. 31

was attached to the end of a branch covering new growth and from

50 to 100 adults of A. citri were confined tlierein. Except in the case

of the bhickberry, in wliich no observation was made on the pomt,

the adults were noted as resting contentedly and apparently feeding on

the leaves for one or two days after being confined. In every case,

however, all the adults were dead on the fourth day after confinement

on the plants noted, although check lots of adults collected at the same
time but confuied on branches of citrus trees lived for a normal period.

No eggs were deposited in any of the tests, although the check lots

deposited eggs on the citrus leaves in a normal manner.

Each of the five plants tested with the cage experiments have in

addition been subjected to very careful examinations by the writers

under such circumstances that the opportunities for infestation by

the citrus white fly were at their best. In addition, particular atten-

tion'has been given to examinations of species of oaks {Quercus spp.)

and bays (Persca spp.), guavas (Psidium spp.) and mulberries (Morus

spp.), when located near, and in some cases with branches intermm-

gling with infested citrus or other favorite food plants.

Economic Significance of P'ood Plants, and Interrelationship Between Food
Plants and Insects.

Entomologists familiar with the present white-fly situation agree

in their conclusion that a requisite for satisfactory control of this

pest is proper attention to food plants other than citrus fruit trees.

Mr. H. G. Hubbard, who was a well-known authority on orange

insects, being a special agent of the Bureau of Entomology, was a

strong advocate of destroymg food plants of the white fly that were

of no value. Dr. Sellards, formerly entomologist at the Florida Ex-

periment Station, Dr. Berger, the present entomologist. Prof. P. H.

Rolfs, director of the Florida Experiment Station, and the authors

have each emphasized the importance of the relation of the various

food plants to white-fly control.

The following paragraph from the senior author's bulletin on the

subject of fumigation for the citrus white fly ^ states in a general way
the situation in this respect as viewed by entomologists who have

investigated the white fly

:

The presence of food plants of the white fly other than citrus trees, in citrus fruit-

growing sections, constitutes a serious menace and in itself often prevents successful

results from remedial work. Fortunately the list of food plants is limited, and the

greater number of those thus far recorded is subject to infestation only when located

near or in the midst of heavily infested citrus groves. The food plants which are of

most importance in connection with the white-fly control are the chinaberry trees,

privets, and cape jessamine, and these—except for the last, in certain sections where

grown for commercial purposes—can be eradicated readily, or their infestation may
be prevented where community interests precede those of the individual in controlling

1 Bulletin 76, Bureau of Entomology, U. S. Department of Agriculture, pp. 9-10.
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public sentiment. These food plants favor the rajiid dissemination of the white fly

from centers of infestation and their successful establishnaent in uninfested localities.

They seriously interfere with the success of fumigation, as well as of all other remedial

measures, by furnishing a favored breeding place where the white fly can regain

its usual abundance in a much shorter time than would be the case if it were entirely

dependent upon citrus fruit trees for its food supply. The plants mentioned, together

with Citrus trifoliata (except where used in nurseries), and all abandoned and useless

citrus trees should be condemned as public nuisances and destroyed in all communi-
ties where citrus fruit growing is an important industry.

Not only is a knowledge of the relation of the various noncitrus

food plants to white-fly injur}^ of great importance, but it is also of

considerable importance to growers to know the capability of the

insect for multiplying on the difi'erent citrus fruit trees in order that

advantage ma}' be taken of it in the arrangement of new groves and

the improvement of old groves.

It is a matter of common observation that injury from the white

fly is most marked on citrus fruits of the Mandarin group. This

group includes the Tangerine, Satsuma, and King of Siam. The
sweet oranges are next to the mandarins in this respect, followed by
the kumquats and grapefruits.

The relatively less injury to grapefruit by the citrus white fly

{A. citri) is sometimes obscured by the presence of A. nubifera.

Blackening of foliage and fruit by the citrus white fly is more notice-

able on grapefruit trees when they are surrounded by or are otherwise

unfavorably located in respect to oranges or tangerines. Solid

blocks of grapefruit trees rarely show more than slight efl^ects of

wliite-fly infestation when only the citrus white fly is present. An
example of this is the Manavista Grove at Manavista, Manatee
County, Fla. Tliis grove consists of 22,000 grapefruit trees, and
appreciable blackening of the foliage is rarely seen except occasionally

where orange groves adjoin. Only one record, based on actual

examination of leaves, illustrating tlic difrorence in the degree of

infestation of adjoining blocks of grapefruit and orange trees is

available. The graj)efruit block consisted of about 400 trees located

immediately north of a block of 200 or 300 orange tre<^s and separated

on the west by a pid)lic road from a grove of about SOO orange trees.

On April 23, 1909, after ])ractically all the overwintering pupa? had
matured, an examination of 100 or more leaves collected at random
from each grove, counting the pupa cases, showed an average of 8

insects that had reached maturity on the grapefruit leaves, 27 on
the orange leaves of the block south, and 56 on the orange leaves of

the block west. No studies have been made to determine the differ-

ent degrees of susceptibility to white-fly injury among the difi'erent

varieties of grapefruit, but the Royal variety appears to be more
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nearly immune than any other of those commonly grown. This was
fii-st pointeil out b^^ Mr. F. D. Waite, of Palmetto, Fla. In this con-

nection it should be noted that the Royal variety in its general

characteristics is not a typical grapefruit.

The reason for the partial immunity of grapefruit trees to white-fly

injury is as yet obscure. Several observations on grapefruit and
orange trees growing side by side give no basis for the supposition

that it is a matter of food-plant preferences of the adult flies. In

some cases the differences in the amount of new growth must be

taken into consideration. Counts of adults, pupa cases, and luitched

eggs of the citrus white fly on alternating grapefruit and orange

trees, six in all, located on the laboratory grounds at Orlando, were

made on June 4, 1909, when no new growth was present on the trees.

Tlie leaves were selected at random and, with the exception of a few
upon which adults were counted, they represented the spring growth
of 1909. The difference between the number of the adults on 500

grapefruit and 500 orange leaves, 87 and 104, respectively, is not as

great as would be expected, considering the much greater number
of insects that had matured on the orange up to the time of the exam-
ination. There were about twenty times as man}" })upa cases on

the 100 orange leaves as on the 100 grapefruit leaves, or 6 and 120,

respectively. This was offset by the presence of about three times

as many live pupse on 10 grapefruit as on 10 orange leaves, 41 and 14,

respectively, making the sum of the pupa cases and live pupsB 4.16

per leaf in the case of the grapefruit and 2.6 per leaf in the case of the

orange. This is about the same proportion as the number of hatched

eggs on the two food plants. The condition of the leaves, as shown
by this data, fails to indicate any cause for the partial immunity of

grapefruit trees.

The examinations by j\Ir. W. W. Yothers of two leaves picked at

random from each tree in a small isolated grove consisting of 41

grapefruit and 28 tangerine trees gave rather strildng figures, show-

ing more rapid multiplication of the citrus white fly on the latter

than on the former. The first examination was made on November
4, 1908, and the second on June 8, 1909. On the former date the

average number of live and dead white-fly larvae and pupse per leaf

was 31.9 on the grapefruit and 96.2 on the tangerine, 16.6 and 80.9,

respectively, being alive. During the winter a series of fumigating

experiments reduced the numbers of the white fly so that at the

second examination the number per leaf was 1.1 on the grapefruit

and 2.25 on the tangerine. The arrangement of the two kinds of

trees in the grove was such that they had equal chances of becoming

reinfested by the insects which escaped the effects of the experimental

tests.

868.50°—Bull. 92—11 3
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The (lilTerencc in the (h'gree of injury between oriingc unci tangerine

trees is less marked tlian between tangerine and grapefruit or orange

and grapefruit, but the difference is nevertheless usually quite notice-

able. The ])ractical application of this tlifTerence in tiie degree of

achiptation of the citrus white fly to the various citrus food plants

will be discussed in a forthcoming bulletin dealing with the artificial

control of the white fly.

CHINA TREES AND UMBRELLA TREES.

W]n\e China trees (PI. IV) and uml)rella Cliina trees (PL V), when
grown for shade and ornamental purpos(>s, are, as has been pointed

out, very injurious to citrus fruit-growing interests, the investigation

of the utilit}^ of these plants as trap foods gives an increased import-

ance to a definite knowledge concerning them as citrus white-fly food

plants. Their injuriousness to citrus growers is very clear to j^ro-

fessional entomologists, but not as generally appreciated by the citrus

growers themselves as is desirable.

The umbrella tree is recognized by botanists as a variety of the

China tree. This variety is the one most commonly grown except

in a few localities, and observations reported herein specifically refer

to it and not to the China tree. The latter tree has, however, been

under observation by the authors, and no noticeable diO'erence has

been observed between the two trees in their relation to tlie citrus

white fly, and the (hit a and o])servations are in the main fully as

applicable to the one as to the other.

The numbers of the white (ly which mature on individual lunbrella

trees have been estimated in three instances and fouuil to range

between 25,000,000 and 50,000,000 where trees are favorably located

with res])ect to nontlecicUious food j)lants. Examinations were made
by selecting 10 or more leaves at random and from each selecting

a leaflet wiiich ap])eai'ed to represent the average condition of all

the leaflets composing tlie leaf. In two instances it was found that

the infestation was fully as great toward the top of the tree as on the

lower parts. In one instance an extensive examination of different

parts of an infested iiml)rella tree showed a (kH'i'case from lower

branches to top branches of 50 per cent. In onk^- to be fully con-

servative, this percentage has been used as the basis of the calcula-

tions, making the average infestation throughout the tree 75 per

cent of the infestation of the leaves of the lower branches. Full-

grown leaves were found to consist of about eighty-two leaflets.

Complete records were made of eggs and of live and dead larva3 and
pupw, but only a part of this data will be presented. The estimates

and counts of both leaves and insects in the case of the first tree were
made by tlie senior autiior; in the cases of the second and third trees

the estimates of tlie number of leaves per tree represent the average
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The China Tree.

Fig. 1.—China tree defoliated during winter. Fig. 2.—Same tree in full foliage in summer.
(Original.)
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of three estimates—one by the senior author, one by the junior author,

and one by Mr. W. W. Yothers. The counts and estimates of insects

were made by tlie senior author in the second instance and by the

junior author in the third. The data obtained in these examinations

beaiiiiiz; on the numl)er of insects the umbrella trees are capable of

maturing are given in Table V.

Table V.

—

Number of citrus white flies developing on umbrella China trees.

Tree.
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Tablk VI.

—

ilortal'dij of citrus white Jly on umbrella China tree leaves.

Date.
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It has been frequently observed tliat wlien the citrus wliite fly is

first becoming esta])hshed in a grove, if China trees or umbrelhi China
trees are near, a<hdts often can be found on these when none can he
found on surrouniHng or intervening citrus trees. In order to obtain

a more definite idea of the rehitive attractiveness of umbrella China
trees and citrus trees, 4 records were made by the senior author on
the laboratory grounds (fig. 2) at Orlando. In observation No. 1, the

coimt on citrus was

made on 4 trees, viz, ^ = OP/INGE
, ® = GR/JPE FRU/r,

4 A, 4 B, 4 C, and 5 * = ^^^^^^^^ ^^^^S,

C, and the observa-
^ -^ ^TOR^OE sheo, L= l^bor^TORY.

tions on umbrella

China trees were

made on 2 small

trees located about

6 and 20 feet, re-

spectively, south-
west of 4 A. These

umbrellaChina trees

were slender 2-year-

OR/^/VG£ r/?££S

nr-

old growths about 4

//

/O
-£.

9

Fig. 2,

o



38 WHITE FLIES INJURIOUS TO CITRUS IN FLORIDA.

Table VII.

—

Relative attractiveness to the citrus tvhite jltj of foliage of umbrella China

trees and citrus trees.

In all, 2,789 specimens were counted, of which 88 per cent were on

umbrella China tree leaves. It was estimated that in each record on

a citrus tree approximate!}' 2,000 leaves were examined, making;

34,000 in all. The individual leaflets composing the 76 umbrella-

tree leaves numbered approximately 6,000. For practical purposes

these leaflets are more comparable to the citrus leaves although the

latter have on the aA^erage fully twice as much surface. With this

basis for comparison it can be figured from the above data that there

was about one adult white fly per 100 leaves on the citrus trees while

there were about 40 adults per 100 leaflets on the umbrella trees.

As has been indicated, the difference between the number of Cliina-

tree leaves in numbers 3 and 1 and between 4 and 2, respectively,

represents the oldest spring growth, which was removed on May 24,

leaving only a few growing leaves. No direct comparison was made
between the attractiveness of the older growth of citrus and umbrella

trees but apparently there is no striking diffei-ence between the two

food plants in this respect. New watershoots were present on the

citrus trees on both dates when observations were made but only in

the case of one tree, 4 A, were many adults found on this growth.

In observation No. 1 on the tree mentioned (4 A) 200 adults were

counted on two watershoots. Extjept for watershoots there was no
new growth on any of the citrus trees.

At Orlando the umbrella trees usually start to put on new foliage

in the spring before new growth appears on citrus trees. As a con-

sec(uoncc China and umbrella trees located near infested citrus trees

receive large numbers of adults of the citrus white fly which migrate

in search of attractive food. On February 22, 1909, the authors

noted on the laboratory grounds that the shoots of tlie unil)!ella tree

wei'e beginning to ])ut out new growth, the leaves not fully unfolded.

The citrus white fly was found scatteringly on the umbrella leaves

but on citrus trees specimens could be found only after carefid

search.
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On March 27, 1907, near the laboratory, then located in tlie grove

of Mr. J. M. Cheney, a striking example of the attractiveness of the

umbrella tree was observed. The tree referred to was about 25 feet

high and the leaves which were on the average only about half

developed were estimated to number 5,000. Ten leaves were

selected at random mthin 10 feet of the ground and the number of

adults and eggs was counted, the former numbering 5.3 per leaf

on the average and the latter 160 per leaf. The tree was cut down
and an examination of the topmost leaves showed an average of 186

eggs per leaf; the adults, being disturbed, were not counted, but

judging from the number of eggs present they evidently were more

rather than less numerous than on leaves near the ground. Con-

sidermg the average of 5.3 per leaf, however, the total number of

adults on the tree would be estimated at 26,500, and at 160 eggs per

leaf the number of eggs deposited would be estimated at 800,000.

At the time of tliis observation about 50 per cent of the insects which

overwintered on the citrus leaves had matured. The citrus wliite

fly had been much reduced throughout the grove, in some sections

by unexplamed influences, in others by these influences and fumi-

gation experiments combmed, and on a few tangerine trees by a

fungus parasite, red Aschersonia. The location of the umbrella tree

did not seem to be a favorable one as regards opportunities for

wliite-fly infestation, but examination showed the infestation to be

at least 100 times greater, as regards the number of adults present,

than on any citrus tree in the grove. There were, in fact, too few eggs

deposited on the leaves of the citrus trees to allow of sufficient multi-

plication of the white fly during the season to cause any blackening

of foliage or fruit.

CAPE JESSAMIXE.

The cape jessamine has long been recognized not only as a favorite

food plant of the citrus wliite fly, but as especially important eco-

nomically on account of its retaining its foHage tlu"oughout the year.

From a statement by Riley and Howard ^ concerning observations

by ]VIr. H. G. Hubbard and statements by Dr. H. J. Webber, Dr.

Montgomery, and others in the discussions on the citrus wliite fly at

a meeting of the Florida State Horticultural Society, ^ it appears that

the freezes of December, 1904, and February, 1905, wliicli completely

defoHated citrus trees when not especially protected, failed to defo-

hate cape jessamines. In many locahties it is probable that this food

plant was responsible for the survival of the wliite fly at the time

referred to. According to Dr. SeUards, ^ temperatures as low as

1 Insect Life, vol. 7, p. 282.

^ Proceedings of the Florida State Horticultural Society, 1896, p. 78.

^ Press Bulletin 56, Florida Agricultural Experiment Station, p. 2.
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16° above zero at J.,ake City, between January 26 and January 29,

1905, failed to defoliate cape jessamine.

Except where grown for commercial purposes, as is the case at

Alvin, Tex., where the blooms are sliipped to northern markets, or

where gi-own in nui'series, cape jessamines have not been observed

growing in suflicient abundance to materially affect near-by citrus

trees in sections where the white fly is already estabhshed. If over-

looked in connection with the fumigation of citrus groves or defoha-

tion of citrus trees by cold, cape jessamines might become a serious

hindrance in the control of the white fly. The greatest economic

im})()rtance of the cape jessamine as a food plant lies in tlie great dan-

ger it presents as a distributer of the white fly. Tliis will be referred

to again under the subject of methods of spread.

The su))ject of the ado])tion of the cape jessamine by the citrus

wliite fly is not of sufhcient importance to have been given more
than incidental consideration. In general the degree of adoption

seems to be less than is the case with the umbrella and Cliina trees.

On November 17, 1907, an examination made of 30 leaves picked at

random from both old and new growth of a cape jessamine which

appeared to be in an ordinary conchtion of infestation as observed

when growing near infested citrus trees showed that there existed an

average of 45.1 forms per leaf.

The extensive growth of cape jessamines, or gardenias, as the

blooms are sometimes called, for commercial purposes is known to

the authors and occasions a conflict of interests only in Alvin, Tex.

From the orange grower's standpoint tliis, at the most, appHes to a

location adjoining an orange grove where the citrus white fly is uncon-

trolled. Fortunately, however, for the citrus growers, it is of great

importance to the success of the florist's business that the wliite fly

be kept in sul)jection in gardenias.

PRIVET HEDGES.

Privet hedges are not uncommon in citrus-growing sections, and
heavy infestations by the citrus white fly occur in j^arts of Georgia

and South Carolina, where no citrus trees are grown. As a food

plant the privets are of economic interest in the same respects as is

the ca])e jessamine, but (hey are more extensively grown and of pro-

portionally greater inijxirtance. No studies have been made of the

degree of ada])tation and attractiveness, ))ut the several species of

privet observed in infested locaHties have shown tJie jjropriety of

classing them with citrus, Cliina trees, umbrella China trees, cape

jessamine, and other preferred food plants. The senior autJior ob-

served a migration of adults from privet hedges in Victoria, Tex., in

the summer of 1904, wluch indicated that a hedge of tliis material
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might well be compared in its injurious influence on citrus-growing

interests to one or more luiibrella or China trees. Tlie privet, like

the cape jessamine, is hardy, and the disadvantages of the former in

this connection are the same as those mentioned in discussing the

latter food plant.

JAPANESE AND WILD PERSIMMONS.

Japanese and wild persimmons are attractive to the citrus white

fly early in the season, but appear to be very little or not at all so

late in the season. Being deciduous, their economic importance as

wliite fly food plants is proportionally small. Under normal condi-

tions the Japanese persimmons appear much more attractive to the

citrus wliite fly than citrus trees. These conditions have not been

investigated, but they are probably dependent upon the appearance

of new growth in the spring a Uttle earlier on persimmon than on

citrus. On June 16, 1909, an examination of a large bearing per-

simmon tree surrounded by citrus nursery trees and bearing citrus

trees of different kinds showed that the first spring growth of the

persimmon was much more attractive to the first brood of adults

than were the citrus trees. The second brood of adults, however,

found the persimmon comparatively unattractive and showed a

marked preference for the citrus trees. The earhest citrus growth of

the spring had become fully matured, and no new growth appeared

until after the second brood of adults had practically disappeared.

The comparative condition of infestation is shown by counts made
on leaves picked at random from the persimmon tree and from the

surrounding citrus trees, including the sweet orange, sour orange,

tangerine, and grapefruit. The average infestation with fu'st-

generation forms of the citrus white fly on 25 leaves each of per-

simmon and citrus was in the ratio of 10.9 to 1.3, wliile that of the

same number of leaves by the second generation was in the ratio of

no forms on the persimmon leaves as compared with 191 on the citrus,

thus showing the great preference of the second generation of adults

for citrus growth.

Neither the Japanese nor the wild i)ersimmoiis are usually infested

by the citrus wliite fly to the extent of causing noticeable blackening

from sooty mold. The infestation, however, might be between from

five to ten times as great as on the leaves from the trees referred to above

without producing this result. Small wild persimmon bushes have

been observed in a growing condition at the time the adults of the sec-

ond brood are on the wing, and at such times they sometimes appear to

be very attractive as food plants. Mr. W. W. Yothers has observed

near Hawthoin, Fla., on April 29, 1909, the citrus white fly on wild

persimmon bushes growing in pine woods at distances upward to one-
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fourth of a mile fi-om au\' citrus o-iove, and the junior author has

made simihir observations along roadsides near Orlando, Fla., in

June, 1909, the insects bemg in the adult stage only in this latter

case. On the other hand, the senior author noted on June 18, 1909,

that wild persimmon bushes growing in a vacant lot with China trees

and abinnloncd citrus trees were onl}^ very slightly infested, although

the citrus trees and the China trees were heavily infested. The

wild persimmon ha<l made vigorous giowth, but its white-fly infesta-

tion consisted of less than 100 eggs per leaf and an occasional adult.

The examination of leaves of the China tree showed hundreds of

pupae and puj/a cases per leaf, with a few adults and neA\ly deposited

eggs. The old citrus leaves bore many larvae, pupse, and ])upa

cases, and the new leaves bore hundi-eds of unhatched eggs. The wild

persinmion Inish was as favorably located with respect to citrus trees

as was the China tree. Notwithstanding the exceptions noted in

degree of attractiveness, the Japanese and the wild persimmons very

evidently rank well below citrus trees, China trees, and undjrella

China trees.

In so far as ol)served the persimmons have little effect on the con-

trol of the citrus white fly, but in special cases they ma}' rank as

important food plants. The fact that the Japanese persmimon is a

producer of fruit of some commercial value makes its ordinar}^ Ught-

ness of infestation a matter of gratificatiou. The wild persimmon, on

the other hand, is of practically no value either for shade or fruit, and

can easilv be destroved wiiere advisable.

lilac is not commonly grown in the citrus-growing regions of the

Gulf States, and on this account, so far as observed, presents no

element of menace to orange groves. In compaii}" with all of the

ornamental plants listed as ]jreferred food plants this one nutst be

considered, lu)wever, as undesirable for introduction and growing

m citrus-growing regions.

PRICKLY ASH.

Belonging to the family Rutacea?, to which the genus Citrus also

belongs, it is not strange that the prickly ash is a favorite food plant

of the citrus white fly. This plant seems to be highly attractive to

the adult flies, frequently being observed infested with more adults

than many near-by citrus t rees combined. The prickly ash is common
in Florida and in some localities, whei-e growing in alMindance along

roadsides, it constitutes a distinct menace to citrus groves through its

connection with the s])i-ea(l of the white fly from city and town to

country and from grove to grove.
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Dr. E. W. Berger lias reported having observed a coffee tree tlior-

oiighly infested with as many eggs on its leaves as citrus leaves may
have. This food plant is too rarely grown in the Gulf States in

orange-growing regions to be of any importance economically as a

white-fly food plant.

OCCASIONALLY INFESTED FOOD PLANTS.

The plants listed in Class II as a whole are of very little importance

as regards their bearing on white-fly control. Banana shrub, cherry

laurel, and cultivated pear might well be considered in a third class

for rarely infested plants. Although not unconuiion, their attraction

for the citrus white fly is so slight as to make it safe to ignore them
excej)t in the matter of introducing the fly on them into noninfested

districts. In unpublished notes Dr. Berger has recorded the wild

olive as a food plant. He has observed the wild olive infested in com-

paratively isolated places. The junior author has observed wild olive

heavily infested in ('harleston, S. C, and in several places in Orange

County, Fla. Tlie wild olive, being an evergreen, if neglected may
prove to be of considerable importance as a food plant when growing

in al)undance near a fumigated grove or when citrus trees have been

defoliated by cold.

Dr. Berger has recorded pomegranate, allamanda, and smilax as

food plants, and has verified Prof. Gossard's record of Vihurnum
nudum as a food plant of the citrus white fly. The positions of

these plants as regards their attractiveness to the citrus white fly has

not been fully determined, and further observations will perhaps

show one or more of them to be of fully as high if not of higher rank in

this respect than the persimmons. In general, however, like the coffee

and lilac of Class I, they are not of sufficiently common occurrence in

the Gulf coast citrus-growing regions to be of much economic impor-

tance as citrus white-fly food plants.

SPREAD IN THE UNITED STATES.

There is seldom positive evidence in regard to the means by wliich

the citrus wliite fly has become established in a previously non-

infested grove or locality. Such direct observations, however, as it is

possible to make, aided by strong circumstantial evidence, give us a

sufficient knowledge of the methods of spread to show the advisa-

bility of certain restrictive measures.

Checks on Successful Establishments.

Fortunately the chances are greatly against the successful estab-

lishment of the citrus white fly in a previously uninfested locality,

which is outside the limits affected by large numbers of migrating
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adults. If this wore not so the. j)est wouhl have become estabHslied

in every grove of the State long before the present time. Except for

spread by direct flight and on nursery trees and ornamental plants,

the chances are against more than a few insects being introduced into

a particular grove by any of the other methods discussed hereafter.

In the case of a single adult there are two chances in three that it

would be of the re])roductive sex. If, as would be probable, tlie

si)ecimen were a female, there would be about one chance in three

that it would not have been fertilized. In tliis case the second

generation of adults would all l)e males, as shown by the ol)servations

recorded under the subject of Parthenogenesis. Tliis would, of course,

end the infestation directly due to the single specimen introduced,

as the original female would have died several weeks before the first

male matured. In case the originally introduced s[)ecimen were a

female and fertile the chances of a male api)earing among the second

generation are not definitely known, but are with little doubt only

small. The chances of such a male appearing at a favorable time to

meet with and to fertilize a female of the same parentage are practi-

cally negligil)le, though possible as a result of the great variation in the

length of the life cycle as recorded under life history. The third

generation would, therefore, in all probability, be all males, and the

infestation ended. The chances that a single adult specimen intro-

duced into an isolated grove or into a previousl}" noninfested com-

munity woidd successfully establish a permanent infestation are

extremely small. The chances are only slightly increased by an

increase to 5 or even 10 in the number of adults originally introduced

into a single grove.

From the foregoing considerations it is evident that two or more
distinct introductions of even a few individuals at pro])er intervals

during a single season might greatly increase the chances for the suc-

cessful establishment of the pest.

Flight of Adults.

The flight of adults is the most important method of local distribu-

tion and is also an important element in its association with si)read by

means of "wdnds and veliicles, railroad trains, and boats.

The distance to winch the insect is capable of flying.—^It would be

almost im])ossible to obtain positive records on the distance the adult

citrus white fly is capable of Hying. Mr. W. W. Yothers, on April 29,

190S, found on wild persimmon first and second generations of this

species of fly at a distance of one-fourth of a mile from the nearest

orange grove, wliich was also the nearest })oint of the occurrence of a

food plant upon wliich the insect could have ])assed the winter. The
infested persimuions were in pine woods and the insects were in such

numbers that it was evident that spread through pine woods might
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easily greatly exceed one-fourtli of a mile. Air. W. C. Temple, of

Winter Park, Fla., states that he has observed adults migrating into

one of his groves on Lake Maitland under circumstances plainl}' indi-

cating that they had traveled over the water for If miles. Dr.

Berger has recorded an instance which presents strong evidence that

adult white flies have heavily infested citrus trees through flights of a

mile or more. On the other hand, there are orange groves witliin

three-fourths of a mile of the city limits of Orlando, Fla., and within

2 miles of the courthouse which have only so recenth' become infested

that no blackening of the foliage has taken place, although the citrus

wliite fly has occurred at Orlando for more than 10 years with migrat-

ing adults in summer about as abundant as in any town in the State.

As regards the capability of flight of the citrus white fly, it may he

said to be undoubtedly more than a mile and perhaps several miles

when aided by a gentle breeze. Distances of even a mile, however,

are not usually attained except under certain circumstances which
are largely preventable and which are discussed in the following

paragraph.

Cause of extensive migrations hy fiiglit.—Over]>opulation of food

plants, usually associated with the emergence of adults in large num-
bers at seasons when the new and attractive growth is scarce or en-

tirely wanting, is the main cause for migrations from citrus, cape
jessamine, and privet. JMigrations from China trees and umbrella

trees, probably the most potent factors in the spread of the pest, are

not due directly to overpopulation, so far as observed, since leaves are

never overcrowded in a manner comparable to the overcrowding
on citrus leaves. An average of 25 live larvae or pupae and pupa
cases per square inch of lower leaf surface would represent an un-

usually heavy infestation of a China or umbrella tree and is rarely

exceeded, whereas an average of 50 or 60 per square inch is not un-
usual for citrus leaves. In the case of China and umbrella trees, mi-

grations are evidently due to lack of attractiveness of the foliage to the

adult white flies at the times when the migrations occur. There are

comparatively few live larvae and pupae on the foliage after the middle
of August at Orlando. The greater part of these represent delayed
emergence from the second generation of white flies and not the result

of eggs deposited by the third brood of adults. Tliis supports direct

observations to the effect that the tliird brood of adults, which is con-

cerned in the most extensive migrations, de])osits practically no eggs

on the China and umbrella trees.

China and umbrella trees as a factor in dissemination.—Umbrella
and China trees are extensively grown throughout the Gulf coast

citrus-growing regions, and they are almost entirely responsible for

the hundreds of millions of adults which in midsummer appear on
the wdng throughout most of the towns where tlie citrus wliite fly



46 WHITE FLIES INJURIOUS TO CITEUS IN FLORIDA.

occurs. That those are principally those which have bred upon
China and umbi'clla trees is shown clearly by the fact that at Gaines-

\'ille, Lake City, Tallahassee, and other points in the northern part of

Florida, where other food plants are too few to produce noticeable

numbers of niigratinsi^ adults, the numbers are apparently not less

than where both citrus trees and China and umbrella trees are exten-

sively irl'o^^^^, as at Orlando. On this point. Dr. Bero;er states:*

"The princij)al food ])lants in Gainesville and nortli Florida are (liina

and umbrella trees, there being only enough citrus, privet, and otlier

evergreen food plants to bring about the restocldng of the deciduous

trees every spring." These considerations indicate very positively

the main source of the enormous number of migrating adult flies on

trees in midsummer, sometimes observed between the middle of

May and the middle of June. These adults are the second bi'ood of

the season and the first to matui-e on the food ]:)lants mentioned. The
newer growth of these trees is, as has been shown, very atti'active to

the adult flies, and if there is an abundance of it comparatively few

migrate. The third brood, composed mainly of individuals of the

second and third generations, matures over a more extended period,

in general covering the months of July and August in different sec-

tions of Florida.

Estmiates of the number of adult citrus white flies breeding on

umbrella trees and on citrus trees as given under the subject of food

plants have shown that a single innbrella tree of medium size may
produce as many adult wliite fhes by midsummer as could be pro-

duced on 7 aci-es of orange trees. The matuiity of so many adults

on single trees, and their migration therefrom in search of a mote
desirable food supply than Cliina and umbrella trees afford in mid-

summer, cause the rapid spread of the pest throughout the towns,

directly by flight of the adults and by mediums hereinafter dis-

cussed into the surrounding country and from town to town along

railway lines and watercourses.

Dissemination hy fifjht when citrus trees only are concerned.—It has

been shown undei' the subject of food j)lants that the citrus white fly

does not ordinarily increase to the point of overcrowding on grape-

fruit. Migrations of adults in noticeable numbei's from solid blocks

of these trees probably never occur under ordinary circumstances,

and spread through such blocks or groves from the first point of infes-

tation is very slow if no other food plants are concerned. The spread

in groves of orange or tangerine trees or of both is more rapid, but

not as much so as ordinarily considered. The white fly is rarely

observed during its first year's appearance in a citrus grove. Atten-

tion is usually iirst attracted to its ])iosence through tlie blackening

of foliage on one or a few trees. This hlackenin<r of foliaire in itself

' Press Bulletin 108, Florida Agriculture Experimental Station, February 13, 1909.
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is almost positive evidence of the presence of the fly in the <.';rove

during at least the preceding two years unless the infestation is due

to migrations from Cliina or umbrella trees or from overstocked

neighboring citrus groves. In such cases infestation may become

qiute general throughout several acres in one season and extensive

blackening of the foliage may result early in the next season, or in

about one yeai' after the first introduction. In the case of new infes-

tation in any locality, however, the beginning doubtless is usually

the introduction of a few insects by some one of the means herein-

after discussed. In amixed grove of tangerine and orange the pest

is discovered first as a rule on tangerme, and in a grove of seedling

trees with a few budded trees intermixed usually the latter are first

discovered to be infested. Many citrus growers who have groves,

such as those mentioned, and who have watched carefully for the

appearance of tlie pest in their groves, have finally found it well

established on a single tangerine or budded orange tree before any

evidence of the presence of the insect was observed elsewhere.

Through the hindrances to successful establishment and the checks

on midtiplication, principally those discussed in connection with

parthenogenesis and natural mortality, the white fly frequently

develops so slowly after its first introduction that it may not increase

to the point where it is usually fu'st observed for three or four years.

It is a common error to consider that the first discovery of the white

fly in a. grove is an indication of its very recent introduction. This

may or may not be the case. Usually it is not the case. It should

be borne in mind in this connection that in the most careful inspec-

tion, even by a competent entomologist, the failure to discover a

single s]:)ecimen of the white fly is not positive pi'oof that it is not

present. The foregoing generalizations are based upon many
observations by tlie agents of this bureau who have been engaged in

these investigations, more particularly the authors of this bulletin

and Mr. W. W. Yothers.

The rapidity of spread into a citrus grove from neighboring infested

groves is a subject which becomes temporarily important when a

nonisolated grove becomes infested for the first time. It is a subject

of more far-reaching importance in connection with fumigation, and it

is in tills connection that the most extensive studies in this line have

been made. The result of these studies wall be pubhshed in a final

report on fumigation.

The slowness with which the citrus white fly increases in numbers

and spreads from the first point of infestation has been noted by
many citrus growers who have been observant enough to discover

the white fly soon after its introduction into their groves. When
the rate of spread of the white fly through the grove is affected by

the presence of migrating adults from China or umbrella trees, the



48 AVHITE FLIES INJURIOUS TO CITRUS IN FLORIDA.

difficulties in ofrcctivel}' iitilizino; artificial checks, spra3'iiii>; and fiimi-

gatioii, are 'greatly increased. As the infested area in a newly infested

grove or locality becomes larger the rate of spread l)y flight increases,

aided by secondary centers of infestation which become estabUshed

by various means.
Winds.

Light winds are an important adjunct to flight in the local distri-

bution of adult white flies, but strong winds are ordinarily of slight

consecjuence. The effect of light -wdnds is shown by the influence

of almost imperceptible movements of the air on the direction of

migrations. This is especially noticeable in the vicinity of China

and umbrella trees during a season when adults are emerging in abun-

dance. The ])rincipal effect of the movement of the air under such

conditions is not in carrying the insects, but in causing the flight

energy of the insect to be expended in one general direction rather

than to bo wasted in zigzag lines with com])aratively little real pro-

gression. Other conditions being equal, the adult white flies migrate

in greatest abundance when the atmosphere is calmest, and con-

versely show tlie least tendency to migrate in strong winds. It

is possible that isolated infestations may sometimes result from

spread of adults by strong winds, but it is seldom that there is not

a more plausible explanation obtainable. With the white fly pres-

ent in a])undance for many j^ears in Orlando, Fla., and other towns

and cities in important orange-growing sections of Florida, the fact

that there are still many noninfested citrus groves within a radius

of 5 miles of nearly all such centers of infestation is in itself an inili-

cation of the minor influence of winds in this conne('tit)n. Strong

breezes or winds exert some check on the spread of adults b\' causing

them to cling tenaciously to their support, as pointed out by Prof.

H. A. Gossard.^

VEHICLES, RAILROAD TRAINS, AND BOATS.

In towns in Florida where the citrus white fly occurs and -China

trees and umbrella trees are abundant it is a matter of common
observation that during the periods of migration large numbers of

adults alight upon automobiles, carriages, wagons, and railroad coaches.

The authors have seen covered carriages with more than 100 adults

resting on the inside of the top and sides. In driving through a

heavily infested citrus grove in late afternoon at certain seasons,

hundreds of adults may be observed on the carriage (PI. VI, fig. 2).

Newly infested groves show the first infestation so frequently on trees

close to a drivcwa}^ or road that conveyance of the citi'us white fly by

means of carriages, wagons, and automobiles must be consitlered one of

the most important methods of spread from town to surrounding

' Bulletin 67, Florida Agricultural Experiment Station, p. 13.



Bui. 92, Bureau of Entomolotcy, U. S. Dept. of Agriculture. Plate VI.

Dissemination of White Flies.

Fig. 1.—Nursery citrus trees infested with white flies set out in an isolated noninfested grove
without having leaves removed. Fig. 2.—Buggy in an orange grove: buggy top full of adult
white flies ready to be carried to other groves. Fig. 3.—Train at station: adult citrus white
flies swarming from near-by umbrella China trees into coaches ready to be carried for miles
down the Florida east coast. (Original.)
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country or from grove to grove. At Orlando, in July, 1906, adult

citrus white flies were observed late in the afternoon alighting on the

sides of coaches and flying into the windows and doors of coaches
of a passenger train standing at a railroad station (PL VI, fig. 3).

Hundreds of adults were carried west toward Wildwood through
points which, so far as known, were not infested at the time. The
presence of China, umbrella, or citrus trees near railroad stations

increases the chances for successful introduction by railroad trains.

In this connection the recent action of the Atlantic Coast Line Rail-

road and Seaboard Air Line Railway in destroying such trees along

their right of way is to be commended. A ma]) of Florida showing
the distribution of the citrus white fly plainly indicates the relation

between the railroads and the main lines of dissemination. This is

shown in an incomplete way by figure 2, in which are given the points

infested l)y the citrus white fly in Florida according to the records

made in connection with the present investigation and such other

records as are undoubtedly correct or which have been verified. The
infestation at Arcadia, Fla., first discovered in January, 1907, but
which probably resulted from an introduction of citrus white flies

in 1905, was mth little doubt due to the introduction of adult flies

by means of railroad trains. An examination of the situation in

February, 1907, by the senior author show^ed the center of infestation

to be located near railroad stations, and careful in([uiry concerning

other possible sources showed that railroad trains were the most
likely means of introduction. North of Arcadia no nearer infested

point was known than Bartow and toward the south no nearer

infested point than Fort Myers. The distance in each case was about

40 miles. So far as known there were at that time no intermediate

points infested between Arcadia and the two points mentioned.

Here again the factors unfavorable to the successful establishment

of the pest in a previously uninfested locality play an important role,

as shown by the fact that even at the present writing the citrus white

fly is not generally distributed between Bartow and Fort Myers.

As we have no record and have heard no report of the occurrence of

the fly at any other point than Arcadia, it is unlikely that other

infested points exist.

Steamboats are used quite extensively on the rivers and along the

coast of Florida in trans})orting citrus fruits and have in a degree a

similar status to railroad ti-ains in transporting the citrus white fly.

Citrus Nursery Stock and Ornamental Plants.

The carriage of the citrus white fly in its egg, larval, and pupal

stages by means of citrus nursery stock (PI. VI, fig. 1) and ornamental

plants has always been an important factor in the spread of the

86850°—Bull. 92—11 i
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insect. The citrus white fly wus without doubt introduced into the

United States and distributed to tlie most important centers of

infestation by this means. In Florida the white fly was probably

introduced first on citrus nursery stock into some citrus grove on the

St. Johns Kiver in St. Johns County, and later by tlie same means

into ^lanatee and Fort Myers. Gainesville, Ocala, Orlando, and

Bartow were probably among the points to which the white fly was

introchiced on nursery stock. The tlistribution of the citrus white

fl}" along the Gulf coast citrus-growing legions west of Florida has

been largely due to shipments of infested citrus nursery stock,

umbrella trees, privets, and cape jessamines. Of all methods of

spread which are operative over greater distances than the Ihght of

adults, introductions of live immature stages on trees or shrubs for

trans})lanting purposes are by far the most certain to result in the

successful establishment of the species. Fortunately it is practicable

to prevent spread by this method by defoliating the trees as they leave

the nursery. Much has been accomphshed in the past by indivitlual

citrus growers, but more attention should be given to this matter in

communities not now infested b}^ both of the white flies treated in this

bulletin.

Accidental Spread by Man.

Carriage oj the adult white files on human leings,—Man is doubtless

responsible to a limited extent for the spread of adult white flies.

During migrating periods, when in hea^dly infested orange groves or

in towns where there are infested China and umbreUa trees, adults are

frequently observed on the clothing. Prof. IT. A, Gossard states

that he has carried adult white flies for nearly half a mile on his

clothing after standing beneath a heavily infested tree.

Introduction in pickers' outfits.—In some instances the citrus

white fly is believed to have been introduced into pre^aously uniu-

fested localities by orange pickers. In this case the principal danger

lies in introtkicing live j^upae on citrus leaves accidentally brought

in with picking sacks and field boxes. The authors consider that there

is practically no danger of the carriage of adults of the citrus white

fly by pickers' outfits between December 1 and March 1. The few

adults present in citrus groves during this period would rarely result

in their transference to uninfested groves by such means, and tlie

unfavorable factors lieretofore discussed would almost certaiidy

prevent tlie successful establishment of the pest. It would be

almost impossible to conceive of any likely method by which a suc-

cessful introduction of the citrus white fly into a noninfested grove

could be accomphshed by the carrying of leaves infested by eggs or

larvae. Leaves infested wdth live puj)a?, however, particularly about

the time of the beginning of emcr-gence of the first spring brood,
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might readily produce a sufficient number of adults to successfully

establish the pest. Such leaves, after introduction, would need to

have a favored location, for exposure to much sunlight or to too

much moisture would soon destroy the insects.

Introduction on leaves infested with 'parasitic fungi.—The matter of

spread of the white fly in connection with the attempt to introduce

parasitic fungi is a subject of considerable importance. The danger

here is due to the failure to recognize the distinction between the

citrus white fly {Aleyrodes citri) and the cloudy-winged white fly

(Aleyrodes nuhifera). The owner of a grove infested by the latter

species only, would provide a very favorable opportunity for the

introduction of the first and most destructive species if in introduc-

ing parasitic fungi he should obtain his supply of leaves from certain

sections of Florida. The spread of the cloudy-Avingetl white fly has

been encouraged in a similar manner. The tree-planting method of

introducing the fungi, especially the brown fungus, is the most dan-

gerous practice in this connection. Of somewhat less danger in the

mdividual cases, but of far greater danger on account of the more

frequent opportunities presented, is the introduction of fungus-

infected leaves for pinning or for spraying the spores. The pinning

of leaves as a means of introducing the parasitic fungi has little more

to recommend it than the tree-planting method, but it has without

doubt been the means of introducing the citrus white fly on many
occasions. Leaves introduced for the spore-spraying method of

spreading the fungus parasites are an element of much danger under

certain conditions. Some sections of Florida in which only the cloudy-

winged white fly occurs are in more danger of having the citrus white

fly introduced by some uninformed person in this way than they are

of its introduction in any other manner. Specific examples might be

cited where the introduction of either A. citri or A. nuhifera was

with little doubt due to introducing fungus-infected leaves or trees,

but the danger is too obvious to require further discussion in this place.

LIFE HISTORY AND HABITS.

Summary.

The eggs of the citrus white fly (fig. 3) are laid scatteringly, with

few exceptions, on the underside of the leaves of the various food

plants, and hatch in from 8 to 24 days, according to the season.

During ordinary summer weather from 75 to 100 per cent hatch

on the tenth to twelfth day. Infertile eggs hatch as readily as fertile

eggs and produce adults of the male sex only. After hatching, the

young larva (figs. 4-6) actively crawls about for several hours, when
it ceases to crawl, settles upon the underside of the leaf, and begins

to feed by sucking the plant juices. It molts three times before
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becomino: a pupa. After the fu'st molt (see fig. 7) tlie legs become
vestigial; hence tliereafter it is impossible for it to materialh' change

its location upon the leaf. Larval life averages in length from 23 to

30 days. The pupa (fig. 9) closely resembles the grown larva (fig. S)

and requires frojn 13 to 304 days for development. The adult fly

(fig. 10) has an average life of about 10 days, altliough several femal(>s

have been Known to live 27 days. Females jnay begin depositing

eggs as soon as 6 hours after emergence and continue ovipositing

throughout life. The maximum egg-laying capacity is about 2.50

eggs, although 150 more nearly represents the number laid under

grove conditions. Unfertilized females deposit as many eggs as

fertile feniales.

The entire life cycle from egg to adult requires from 41 to 333

daj^'s; the variation in the number of days required from eggs laid

on the same leaf on the same da}' is very remarkable. During the

course of the year the fly may pass through a minimum of two gen-

erations and a maximum of six generations. .The generation started

by the few adults that emerge during the winter is entirely tlependent

upon weather conditions and may or may not occur. Each genera-

tion except those started after the middle of August is more or less

distinctly two-brooded.

Methods of Study.

As it is impossible to rear citr-us white flies through their entire

life cycle on detached leaves, a gauze-wire cage was devised by the

senior author which has proved of great value and convenience in

carrying on life-history studies under conditions as nearly normal as

it is possible to get tliem. This cage (PI. VII), wliich is cylinth'ical

in sluipe and o])en at one end, may be made any size, but one 6^

inches loi\g by 3^ inches in diameter has proved most convenient.

It can easil}' be made b}^ fashioning two rings of lieavy wire to whicli

is soldered the wire gauze, as shown in the illustration. ' To the open

end is attached a piece of closel}'' woven cheesecloth long enough

to extend about 4 inches beyond tlie cage. After the leaf, or leaves,

to l)e caged luive been cleaned of all stages of the white fly by nieans

of a hand lens and cloth, the cage is slipped over the foliage. Tlie

adult flies are then intnxhiced, if desired, and the cloth attached to

the cage wrapped around the stem of the shoot or petiole of the leaf,

as the case may be, in such a manner that the flies can not escape

nor the ants and other predaceous insects enter. To keep the entire

weight of the cage from falling on the petiole of the leaf or its short

stem, and t-o regulate the position of the leaf within the cage, a cord

is tied around the outer end of the cage and attached by the loose

end to a convenient branch.
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Cages for Rearing White Flies.

Fig. 1.—Rearing cages in positi(.)n on orange trees. Fig. 2.—Enlarged rearing cage. (Original.)
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A very satisfactory method of definitely marking larvae in order

that no mistake may be made in identifying field notes with the

individual larvae to which they refer, is to scratch lightly on the

epidermis of the leaf, with a thorn or pin, a bracket or other mark
and outside this a number that shall correspond with that used in

the note book. In marking larvae care should be taken in scratching

the leaf to allow for the future growth of the insect and not to injure

the epidermis of the leaf too severely. In this manner a large number
of larvae were marked as soon as they settled and tlieir growth noted

by daily observations.

In determining the sums of effective temperature, 43° F. has been

taken as a basis in accordance with Dr. Merriam's general law

although this has led to certain inaccuracies of which the authors

are aware. The determination of the effective

temperature in the case of the white fly would

require a special study which it has been imprac-

ticable to undertake.

The Ego.

description.

The eggs of the citrus white fly (fig. 3) are so

small that they appear to the unaided eye as ^^ny(Aicyrodes^ciM): Eggs^

fine particles of wliitish dust on the under sur- Greatly enlarged. (Origi-

face of the leaves. Their minute size is empha-
sized by the fact that 118 placed end to end would measure but an

inch, while about .35,104 could be placed side by side in one square

inch. Under the magnifying lens they appear as smooth, polished,

greenish-yellow objects shaped much like a kernel of wheat. Fol-

lowing is a more minute description:

Length, 0.2-0.23 mm.; width, 0.08-0.09 mm. Surface highly polished, without

sculpturing, color pale yellow with faint greenish tinge when first deposited, jialer than

the under surface of the leaf. Egg elongate, subellipsoid, slightly wider beyond the

middle or at about the point where the eyes of the embryo subsequently appear; borne

at end of a comparatively slender brownish petiole or footstalk, slightly shorter than

the width of the egg, and somewhat knol)bed at base.

As the embroyo approaches maturity its purple eyes may be seen

showing distinctly through the egg membranes at a point beyond the

midtUe of the egg. At about this time, also, the hitherto uniformly

colored egg contents become orange or golden at the proximal end and
whitish translucent on the distal three-fourths. The egg surface

sometimes assumes a white prumose appearance, due to the presence

of wax nibbed from the bodies of the adults while crawling over the

eggs. Eggs deposited on leaves from which the adults have been

excluded after egg deposition do not show this pruinose condition.
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Eggs in which the embryonic (levelo])ment is normal do not turn dark

in color, but those killed through attack by thrips or by other agency

frequently become bronze colored, thus resembling the eggs of A.

nuhifera from which the waxy sculpturings have been rubbed.

DURATION OF EGG STAGE.

That no doubt might arise concerning the exact age of the eggs

used in obtaining the data incorporated into Table VITI, suitable

leaves were selected from which all eggs previously deposited were

carefully removed by the aid of the hand lens and a cloth. Similar

attention was given the leaf petiole and the stalk, and wads of cotton

were tied about the latter both above and below the leaf to prevent

crawling young from reaching the leaf along the petiole (PI. VII, fig.

1). These preliminary steps completed, a rearing cage containing

adult white flies was placed over the leaf and allowed to remain the

length of time desired, usually from 1 to 24 hours, with preference

shown the latter number. The cage was then removed and an
empty one put in its place. By this method all doubt was removed
as to the period of time over which deposition took place. As there

is scarcely a leaf in a grove infested with the citrus white fly that

does not bear from a few to many eggs, this becomes an important

point and failure in its recognition has led in the past to statements

greatly underestimating the minimum duration of the egg stage dur-

ing the warmer months.
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The conclusions presented herewith are drawn from tlie data pre-

sented in Table YlII, based upon daily observations of over 5,000

eggs dej)0sited at intervals from February to October. From these

and other data not included, it can be stated that the eggs hatch dur-

ing a period of from 8 to 24 days after deposition, according to the

season of the year. While there are no data regarding the length of

the incid)ation period for eggs deposited by the few female flies occa-

sionalh' seen during the winter months, as noted under seasonal his-

tory, it is probable that hatching extends over even a greater number
of days during the winter season. The deposition of such eggs is,

however, a comparatively rare occurrence and will receive no further

mention here. In no instance have eggs been seen to hatch before

the eighth day from deposition, even during the months July and

August, 1907, when the average mean temperatures were slightly

above normal, while under the most favorable summer weather con-

ditions from 75 to 100 per cent of the eggs hatch during the period

from the tenth day to the twelfth day from deposition.

In general, the warmer the season the shorter and more nearly uni-

form is the ])eriod of egg development or incubation. During the

months of Jidy and August, when the normal monthly temperatures

at Orlando range from about 72° F. as the mean of the minimums to

about 93° F. as the mean of the maximum records, practically all the

eggs hatch from the tenth day to the twelfth day. Even at this most

favorable season, in one instance hatching was delayed for 19 days.

During the somewhat cooler weather of late Septemb(>r and early

October and the decitledly cooler months of Febi-uary, March, and

April, hatching is more or less delayed according to the prevailing

temperature and is scattered over a larger number of days. This

same result is brought about, only in a less degree, by a cool period

occurring in an otlierwise warm season, as shown imder record 4

(Table YI II).

Reference to the daily rate of hatching in Table VIIT, and to the

accom])anying degrees of accumulated effective temperatures, shows

that regardless of the time of year deposited and the number of days

re(|uired for incubation, over 90 ])er cent of the eggs, on an average,

hatch between the accumulation oC from 375° to 475° of effective

temperature.

Excci)ti()n to this statement must be taken in records 1 and 2

(Table VIII). The num])er of degrees of effective temperature

recpured seems to be greater at this season, although this might not

prove to be the case if, as is ])robable, an eri'or has arisen from using

43° F. as the basis for calculating the effective temperature.

Reference to the two preceding tables shows that considerable

variation exists in the length of the egg stage among eggs (le])osited

on the same (hiy, or even within the same hour, and subsequently
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subjected to identical conditions of heat and moisture. Even when
hatcliing was most concentrated during the heat of summer and 99.8

per cent of the eggs hatched on the tenth and eh^venth days from

date of deposition, hatcliing extended over a period of from 9 to 19

days. Hatcliuig over a period of from 6 to 7 days -after the first

crawlmg young appears is an ordmary occurrence during the cooler

portions of the season of activity. In this respect, white-fly eggs are

markedly different from the eggs of most other insects deposited in

batches which usually hatch within one or, at the most, a few hours

of each other.

PARTHENOGENESIS.

The existence of parthenogenesis among aieyrodids was first rec-

ognized by the senior author ' in connection with his investigations

of the greenhouse wliite fly (^1. vaporariorum) . His prediction at that

time that this methotl of reproduction would ultimately be proved to

occur among many if not all the species of Ale^^rodes has been strength-

ened by the results of the present investigations. While there are no

definite data to the effect that parthenogenetic eggs are deposited

under natural conditions, there is practically no doubt that such depo-

sition does occur, especially by females not yet mated or by females

appearing at unseasonable times or when males are decidedly in the

minority. Scattered females emergmg during the winter, or resulting

from the comparatively few pupae surviving fumigation, either never

have the op])ortunity to mate or deposit many of their eggs before

such opportunity presents itself.

That virgin females of A. citri, emerging from pupae kept separately

in vials, and later confined in rearing cages under normal grove con-

ditions, except for the exclusion of males, will readily deposit the nor-

mal number of eggs, and that these eggs will develop normally and

will produce adults of the male sex, has been thoroughly demonstrated.

Of the five separate cage experiments started with parthenogenetic

eggs, all of 111 adults emerging in foiu' of the cages were males, while

of 208 more adults emergmg from the fifth cage, all but 4 individuals

were males; the 4 females emerging under such conditions as to lead

to the supposition that they came from fertile eggs overlooked in

ju'ejiaring the leaf for the experiment.

HATCHING

.

In hatching, the egg membranes rupture at the end opposite the

pedicel, and then split down each side sufficiently to permit the

young larva to crawl out. The glistening eggshell, somewhat resem-

bling in appearance a bivalve shell, eventually becomes shriveled

and loses its original form.

' Notes on Some AlejTodes from Massachusetts, with Descriptions of New Species.

Psyche, April, 1903, p. 81. Technical Bulletin No. 1, Mass. Agr. Exp. Sta., pp. 31-33.
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Proportion of eggs that Tiatch.—Observations covering many thou-

sands of eggs, both in the cage experiments and in the grove, liave

demonstrated that the number of eggs that fail to hatch is too insig-

nificant and has too httle practical bearing to warrant the collection

of data on this point. It is safe to say that considerabl}^ less than 1

per cent do not hatch. In fact, it seems evident that no egg would

fail to hatch except owing to the dropping of the leaf or unless sub-

jected to attack from without. In many instances failure to hatch

can be directly traced to attack by several species of insects and a

fungous parasite.

Ef'ed ofdrying of leaves on hatcliing.—In 10 instances leaves l)earing

many thousand eggs were so placed that the eggs were exposed to

direct sunhght or to partial shade, and although frequent observa-

tions were made none of the eggs were known to hatch. In general

the drymg of leaves to which eggs are attached prevents hatching of

all except those eggs containing nearly mature embryos. This fea-

ture is probably common to all aleyrodids, since the senior author

has noted a similar occurrence in the case of the greenhouse white fly

(A.vaporariorum).

The Larval and Pupal Stages,

description of stages.

THE LARVA.

The larvae ^ are thin, translucent, elli])tical, scalelike objects, found

usually on the underside of the leaves, though more rarely upon the

upper surface. When normally attached to the leaf they are so

nearly transparent as to be seen with difficulty. They readily

become visible, however, by either bending or rub])ing the fingers

along the opposite side of the leaf, thus loosening them and allowing

the air to get beneath them. They then ai)pear whitish (PI. X, fig. 2).

So very incons])icuous are the live larvre and their attack so unac-

companied by any visible eiTects on the leaves, aside from the black-

ening of the foliage, that their presence is very frequently overlooked

by the casual observer. A detailed descrijition follows:

First inslar larva (figs. 4-6). Ivength, 0.3 to 0.37 mm.; width, 0.182 to 0.22 mm.

Body flat, scalelike, somewhat swollen ventrally, especially in the cephalothoracic

region; margin entire, with 30 small tubercles, each bearing a horizontally directed

spine of which 6 cephalic and 4 anal are proportionately longer. Spines of second

pair, counting from anterior end of body, arising from tubercles not on, but slightly

posterior to, margin on ventral surface. Relative lengths of the 15 pairs of spines as

follows:

Pair 1 J^ 3^ ^ „5^ JL '^ 1^ 11 Ir 1^ M, J^.
Spaces li' 9.8' ll' 6.5' 5 4' 5.5' g' 4' 4' 4' 18' 5.4' 18.5'

'The larvae and pupae are frequently called by many growers the "egg" of the

white fiy. This misai)plication of terms should be discouraged as it leads to unde-

sirable confusion when referring to the various stages through which the white fly

passes during its growth from egg to adult.
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Fig. 4.—The citrus white fly:

Crawling young; first in-

star, dorsal view. Greatly

enlarged. (Original.)

No niaroinal wax fringe appears before or after crawling young settles. Cephalo-

thoraeic and thoracic articulations invisible; 8 or possibly 9 abdominal segments are

seen with little difficulty. Segments at posterior end of body modified by vasiform

orifice. Latter nearly semicircular in outline, somewhat
longer than \\ade, bordered laterally by chitinous thicken-

ings which do not meet posteriorly; operculum semicircu-

lar, nearly equaling in size the vasiform orifice itself, cover-

ing the ligula and bearing on its median posterior margin

what appear to be two pairs of small spines, the penulti-

mate pair of which is about twice as long as the ultimate.

Ligula darker in color and broadly

crescentic in shape. On either side

of, and slightly anterior to, the vasi-

form orifice is a short backwardly

directed spine arising from a small

tubercle . The two jjairs of rounded

,

simple, reddish-brown eyes, less

than 0.01 mm. in diameter and 0.096

mm. apart—a dorsal pair and a ven-

tral pair—are situated mesad and

slightly anterior to the fifth pair of

marginal spines, the dorsal pair be-

ing nearer the margin and slightly

anterior to the ventral pair.

Antennse, legs, and mouth-parts on the venter. Antennae

anterior and mesad to the anterior pair of legs, 0.1 mm. long,

very slender; apparently 4-segmented, articulations between
the segments seen with difficulty and frequently that be-

tween the third and fourth entirely wanting, while in a few

specimens the second segment appears to be divided into

two parts: Segment 1 short, stout, fleshy; segment 2 one-half

as wide and twice as long as segment I; segment 3 narrower than segment 2 and about

four times as long; segment 4 very slender, less than one-half as long as segment 3, and
bearing on its proximal posterior side a minute spine, and distally a long spine. Legs

short, moderately stout, where ex-

tended about one-third the width
,
.
, r—~~^

of the body; coxae very short and ' "v^

stout, the two posterior pairs on

the posterior inner side with a

moderately stout spine about

equal in length to the diameter of

the coxae and directed backward
and inward; trochanters distin-

guished \nth difficulty, about

one-third as long as wide and

collar-shaped; femora more elon-

gate, slightly tapering distally,

about four times as long as tro-

chanters; tibiae much narrower,

somewhat longer than the femora,

with numerous short bristles, two on the outer proximal portion longer and more easily

seen, on the outer distal portion with a long bristle forwardly directed and curving
inward toward the tip of the tarsi; tarsi short, ending distally in an enlarged disk-

like process. "

Fig. .5.—The citrus white

fly: Crawling young; first

instar, ventral view.

Greatly enlarged. (Orig-

inal.)

Fir,. G.—The citrus white fly: .\ntenn;B and left hind leg,

first instar. Highly magnified. (Original.)
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Fig. 7.—The citrus wliite

fly: Second larval instar,

ventral view . Greatly en-

larged. (Original.)

jNIichvay between the anterior pains of legs in the middle of the body is the fleshy

month papilla from which arise the mouth setae, at first when bent backward reaching

only to slightly beyond the posterior coxae, but later becoming more elongate. Ante-

rior to the mouth papilla is the semiovate prostomal plate, extending anteriorly as

far as a line connecting the antennae, and divided longitudinally by two curved

sutures into one elongate median and two shorter lateral pieces. At the anterior end

of the prostomal plate is a pair of small papillae, each j)ai)illa

bearing a small forwardly directed spine.

On the venter beneath and to the side of the vasifnrin

orifice is a pair of spines arising from small tubercles,

normally directed backward and outward, equal in length

to the distal tibial spine.

Second instar larva (fig. 7).—Length, 0.37 to 0.43 mm.;
width, 0.24 to 0.29 mm. Broadly ovate, dorsum densely

rugose, all marginal tubercles and spines wanting except 2

cephalic and 4 anal, the three pairs, counting from the19 3
cephalic region, giving the relative lengths: — , -^, ——-z-

'

9.5 4.5 10.5

Eyes smaller and less regular in outline than in the first

instar, but distinctly evident. « Antennae greatly reduced,

unsegmented, directed backward and slightly outward,

tapering, reaching nearly to base of first pair of legs; on

inside near base with a distinct spinelike projection, and on

basal portion with numerous roughenings; legs almost rudimentary, reduced to short,

stout, fleshy processes without distinct segments, composed of a very stout, tapering

basal portion, and a comparatively small, rounded, thick terminal disc; the second

and third pairs of legs on the inner side at the base with a minute spine. Mouth

parts as in previous stage; prostomal plate anteriorly indis-

tinct and its pair of spines wanting. Spines on either side

of vasiform orifice, both on dorsum and venter, as in first

instar. A marginal pore, on either side of body opposite

base of first pair of legs, and formed by an upward fold of the

integument, becomes very evident in this instar.

Third instar larva (fig. 8).—Length, 0.62 to 0.78 mm.; width,

0.43 to 0.58 mm. Very similar to second instar but larger;

the most striking difference presented by the antennae, which

have migrated backward so as to arise from a tubercle

slightly anterior to base of first pair of legs. Antennae im-

movable, directed mesad for about two-thirds of their length,

and then suddenly d()u1)led backward so that the distal third

lies in the same plane as the basal portion. Legs smaller in

proportion than in second instar and prostomal plate less de-

veloped, but the marginal pores and anal cleft more fully developed. A waxen

rod is seen often protruding from the marginal pores. Relative lengths of the mar-

12 3

Fig. 8.—The citnis white

fly: Third larval instar,

ventral view. Greatly

enlarged. (Original.)

ginal spines:
3-4' 2.5' 4.5'

THE PtTPA.

The introducton'- remarks regarding the general appearance of the

larva a|)ply with e(|U:il force to the young ])upa (fig. 9, a, h, and c),

with the exception tliat the pupa is hirger, being nearl}^ one-sixteenth

of an inch long, is more easily seen, and on either side of the tlioracic

region 3 distinct curved lines representing the outlines of the legs
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are very distinct. As the pupa becomes older it becomes thicker,

more rounded and opaque, and tlie outlines of the legs are obscured

l)y the contents of the body. At the approach of maturity a bright

red or orange spot develops on the back, and from three to eight days

before emergence the eyes of the adult become visible. A detailed

description is as follows

:

Length, 1.10 mm to 1.40 mm; width, 0.60 mm to 1.0 mm. Body broadly ellii^tical,

thin, not raised from leaf on vertical wax fringe, color pale yellowish-green, becoming

more yellowish and thicker on approaching maturity; thoracic lobes, representing out-

lines of the three pairs of legs, and a line extending from between first two pairs of

legs and from the vasiform orifice to edge of body distinctly more yellowish, as are also

the lines representing the union of the body segments although these last are promi-

nent. As body thickens thoracic lobes become less distinct due to body contents, a

bright orange or red medio-dorsal spot develops

at anterior end of abdomen, and later, a few ^t^^-=^^==^

days before emergence, the purple eyes of adult

become very distinct, as also do the white devel-

ojjing wing pads ; rim of vasiform orifice brown or

yellowish. All marginal bristles lost except one

anterior and one posterior pair of minute bris-

tles. A low medio-dorsal ridge or carina and

corresponding depressions on each side extend

from the head to the anal ring, traversed by short

transverse ridges on the thorax and abdomen, ,,. .,,
, ^^

terminating in a low subdorsal ridge hardly per- vs>-/// f^"

ceptible; from these last numerous very fine

granulated striae radiate all around the body to y\g. 9.—The citrus white fly: a, ventral

the lateral margin. A short transverse ridge aspect of pupa; 6, vasiform orifice of

appears near posterior margin of head with a same; c, margin of body of same, a,

1
• ]T„ „4' „i A i 1 Greatlv enlarged; 6, c, highly magnified,

curved impressed line m front. A mmute brown ^. - ,s' (Origmal.)
tubercle at the anterior end of the subdorsal

carina is sometimes to be seen. From a pore at the edge of the body, between head

and thorax and top of anal slit, issues a very fine, glistening-white, curled thread

uf waxen secretion. These so-called "pores" in margin of the cephalo-thoracic

region are formed by a slight upfolding of the body which extends from margin to

cephalo-thoracic spiracle and forms an outlet for secretions from same. Location of

spiracles and respiratory system as already described for aleyrodids. Legs and
antennae easily seen with high-power lens. Antennae located as shown in fig. 9,

partially concealing front pair of legs, apparently 3-segmented but division into seg-

ments not distinct; last segment as long as other two combined, with quite a number
of irregular annulations; tip provided with a stout spine. Legs short, very stout,

especially the two posterior pairs; front legs projected forward; all without distinct

segmentation; tarsus very short, stout, and rounded, ^'asiform orifice nearly semi-

circular (for details and shape see fig. 9, 6).

Fwpa case.—^White, firm, retaining definite shape, and remains firmly attached to

leaf unless forcibly detached. (See PL VIII, fig. 1.)
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DURATION OF STAGES

LARVAL INSTARS.

Data upon the duralioii of the hirval instars Jiave been secured by
daily observations of over 300 specimens marked as soon as the

young larvjE had settled, supplemented In' frequent counts of several

thousand specimens in variou.5 life-histoiy cages.

From these recoixls those mcluded in Table IX liave been chosen

as representative. A study of these will give a very accurate knowl-

edge of this subject, and will impress upon one the considerable

variation in the duration of the several instars of larvie hatchmg

at the same time, feeding upon the same leaf, and consefjuently sub-

ject to the same weather conditions. The data also emphasize the

retarding effect of cool spring and fall weather upon the length of

larval life, although this has not been found to be as great as many
have thought. The period of larval growtli ranges from ah average

of 23 days during the warmest months to an average of 30 days

during the cooler months.

Table IX.

—

Duration of larval instars of the citrus white fly.

Speci-
men
No.

Period of growth.

Mar.22-Apr.2G..
....do

do
do
do
do
do

June2ti-Julyl8...
June2(Wulvl9...
.Imie2iv-,lul.vl(i...

June2(>-Julv IS...
Jiine2(;-.Iuly2{)...

June2t)-Jury 18...
.Iiiiie2t)-July29...

Jiin(>2r)-Julvl8...
.Iuii('2(.-Jurv21...

June2(,-.Iiirvl8...

J line 211- J Illy 16...
J line 2(i-July 18...
J line 27-July 19...
June27-July20...

do
June27-JulylG...
June 2S-July 21...
June2S-Jurv28...
June2s-Jurvl8...
June 29-July 27...
Julv28-Aug. 18...
Sept.2,H-Nov.l4..
Sept.30-Oct.25...
Sept. 3a-Oct. 23...
Oct. l-Oct.21

Number of
days in

—

In-
star

1.

In-
star

In-
star
3.

Sum of

effec-

tive
tem-
pera-
tures.

12 1,044

898
938
813
898
978
898

1,3()5

898
1,015

942
942
777
938

1,220
821

1,141
8G6

1,3(15

780
727
635

Speci-

men
No.

33
34
35
36
37
38
39
40
41

42
43
44
45
46
47
48
49

50
51
52
53
54
55
50
57
58
59
60

Aver-
age..

Period of L'rowth.

Oct. 3-Oct. 27
Oct. 3-Oct. 30
Oct. 3-Nov. 11....

Oct. 3-Oet. 29
Oct. 3-Dec. 4

Oct. 3-Nov. 4

Oct. 3-Nov. 1

Oct. 3-Nov. 2
Oct. 3-Nov. 3
....do
Oct. 3-Nov. 1

Oct. 3-Nov. 10....

Oct. 3-Ocl. 31

Oct. 3-Nov. 4

Oct. 3-Nov. 8
....do
Oct. 3-Nov. 2
Oct. 5-Nov. 1

Oct. 5-Nov. 7

Oct. 5- Oct. 31

Oct. 5-Nov. 8
Oct. 5-Nov. 5
Oct. 5-Nov. 1

Oct. 5-Nov. 3
Oct. 5-Nov. 5
Oct. 5-Nov. 1

Oct. 5-Nov. 19....

Oct. 5-Oct. 31

(June2G-Aug. 18. ..

\Sept.28-Dec. 4...

Number of
days in—
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Pupa Cases of the Citrus and the Cloudy-Winged White Flies.

Figr. 1.—Leaf showing pupa cases of Alei/rodcs cifri: also a few pupa? and egsjs Fiff -J —mdersurface of orange leat. showing heavy infestation by citru.^ white fl v. Fi| 3.-LS;f""show ngpupa cases ot .1. n ubifcm. Note dehcate structure as compared with those oiAcitrtloTigini^l)
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PUPAL STAGE.

One of the most interesting phases of life-history studies has been
the wide range in the duration of the pupal stage; a range of from 13 to

304 days. Considering the relatively slight variation in the length of

the larval life, this range among specimens passing into the pupal

stage at practically the same time is remarkable. In view of the fact

that the effect of this variation upon the duration of life and number
of annual generations will be fully discussed under those headings and
brought out in Tables XV and XVII and figure 12, only a few of the

large number of records on file are given in Table X to illustrate this

range in pupal life during different parts of the year.

Table X.

—

Duration of pupal stage of the citrus white Jly.

Speci-
men
No.
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Pronounced and strikini^ growth in size occurs only at molting,

when the soft flexible skin of the larva or pupa is able to stretch before

assuming its normal rigid condition. With each successive molt the

larva greatly increases its horizontal dimensions, until b}^ the time it

reaches the pupal stage these are about eighteen times as great as in the

newly hatched larva. When first settled after molting the larva is very

thin, papery, and transparent, being seen with difFiculty except with

the aid of a lens, but after feeding several days it sluwly becomes
thickened until, from two to five days, sometimes longer, before molt-

ing into the next instar, it is decidedly plump and whitish opaque in

color.. Oftentimes before molting the larva becomes very much
sw oUen as though gorged with liquid. This appears to be an abnor-

mal condition, since many that become thus unduly enlarged either

fall or die without molting. During the increase in thickness follow-

ing feeding, there is no increase in the horizontal dimensions. On
the contrary, increase in the former is secured at a slight expense of

the latter.

Daily observations on over 300 marked individuals from tijue of

settling to emergence of adult have conclusively demonstrated that the

larva passes through but three iiistars ^ before reaching the pupal

stage, instead of four as has been previously supposed. Each larva,

then, molts or casts its skin three times before becoming a pupa. The
process of molting was first desci'ibetl by Riley and Howard - and as

observed by the authors is as follows:

In i)reparing for a molt the insect curves the abdomen upwards at considerably

more than a right angle, moving it also occasionally ujJ and down. The margin of

the abdomen has at the same time a slightly iindulating motion. During these move-

ments the insect is shrinking away from the lateral margin until it eventually occupies

only about one-third of the original lateral space, causing a distinct dorsal and ventral

median ridge. The skin then splits, not on the dorsum, as would be expected, but

either at the anterior end or underneath the head. The head and prothorax are then

pushed out and the skin is gradually worked backwards by means of the abdominal

motions, the portion already out swelling as soon as it is free.

As the insect flattens after molting it appears milky white, the head,

thoracic lobes, and abdominal segments being more greenish. At
this time the legs, which resemble much the prolegs of a caterpillar,

are very active, and there appears a pair of fleshy protuberances more
or less movable, not as large as the legs, but apparently of the same

' This agrees Avith the senior author's observations on the greenhouse white fly

{A. vaporariorum) and the strawberry white fly {A. packardi), which are the two species

of the genua which have previously been studied in greatest detail. Tech. Bui. 1,

Mass. Exp. Sta. and Can. Ent., vol. 35, pp. 25-135.

2 Insect Life, vol. 5, p. 223, 1893.
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structure, which act as sucking disks to aid the insect in reattaching

itseh. Tliese protuberances are later with(h-awn so that no trace of

them remains. While becoming attached to the leaf the insect may
be seen occasionally to rotate itself through an arc of 270°, in the mean-
while frequently raising and lowering the abdomen. The cast skins

are usually blown aw^ay by the breeze or fall from the leaf as soon as

molted, but not infrequently are found partially pinioned beneath
the body of the insects. Molting occurs most actively during hours

of higli humidity. Newly molted larvae are abundant during the early

morning when the humidity ranges between 100° and 90°.

FEEDING HABITS OP LARV.E AND PUP.E.

As the white flies, or Aleyrodidas, belong to the Hemiptera, or

sucking insects, the larvae and pupas do not eat the tissue of the leaf,

but insert their thread-like mouthparts and suck the plant juices by
the aid of a suction apparatus located in the head. Their ravages are

not accompanied by any visible efi'ect upon the leaf itself, but may
be detected by means of the sooty mold which develops after the fly

becomes very abundant. Our only means of estimating the amount
of sap taken up by the insect is by the amount of waste material, or

honeydew, ejected by it. A first-instar larva, on being watched under
the compound miscroscope for 20 consecutive minutes wdth the tem-
perature at 90° F., was seen to eject honeydew 48 times, or an average

of about 10 times every 5 minutes. A pupa with well-developed eye-

spots, in March, watli the temperature at 85° F., ejected honeydew
4 times in 5 minutes. This dift'erence in the amount of honeydew
secreted is due in part to the difl'erent temperatures at wdiich the

observations were made as well as to the dift'erence in the degree of

development.

A very interesting observation on the amount of sap extracted by
larvae and pupae of the white fly has been made by Dr. Berger ^

Leaves w4th live larvae and pupae were placed between glass plates so

that the ejected honeydew was collected on the glass. By w'eighing

it w^as found that each live insect had excreted about 0.0005 gram in

48 hours. At this rate a tree infested with 1,000,000 white-fly larvae

and pupaj would lose one-half pound of sap per day.

The Adult.

The adult citrus wdiite fly is very small, measuring only about one-

sixteenth of an inch in length, and with a wing expanse of less than
one-eighth of an inch. The natural color of the body, antennae, legs,

and wings is entirely obscured by secretions of delicate white wax par-

ticles, so that the insect appears snowy white (PI. IX; text fig. 10, a-i)

' Bulletin 97, Florida Agricultural Experiment Station, pp. 63-64, 1909.

86850°—Bull. 92—11 5
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without spots or traces of darker shades upon the wings. Only the

purple eyes are free from the white wax, and are in sharp contrast to

the color of the rest of the body. A detailed description of the adult,

by Riley and Howard, follows:

DESCRIPTION.'

5 .—Length, 1.4 mm.; expanse, 2.8 mm.; four-jointed rostrum about as stout as legs;

joint 1 shortest, joint 2 longest, and about as long as 3 and 4 together; joint 3 some-

what longer than joint 1 and a little shorter than 4. Joint 1 of the 7-jointed antennae very-

short, as broad as long, subcylindrical, slightly wider distally
;
joint 2 twice as long as 1,

strongly clavate, and at tip somewhat broader than 1, bearing 3 or 4 short hairs arising

from small tubercles; joint 3 longest, about twice as long as 2, slenderer than this and with

a very narrow insertion, rather abruptly stouter at apical third, corrugated and ter-

minating above in a small callosity resembling a similar organ in Phylloxera; joints 4

wmpf:^

Fig. 10.—The citnis white fly. Adult, a, Male; 6, claspers of male: c, female; d, o^^positor of female;

e, side view of liead of female; /, antenna; g. cnlarjied mar^'in of winj;: ?i, tarsus and claws; /, tibia.

a, c, Greatly enlarged; 6, </-/, more enlarged. (Adapted from Riley and Howard.)

and 5 subequal in length, each nearly as long as 2, joint 5 bearing a short sjnne ante-

riorly near apex; joints 6"and 7 subequal in length, each somewhat longer than 2, 7 with

a stout s[)ine at tip; joints 4 and 7 somewhat corrugate or annulate but less so than

apical third of 3. The 2-j(jinted tarsi about half the length of the tibia, joint 1 of the

hind tarsus bearing 6 rather stout spines on each side; joint 2 supporting at bate 3

rather prominent claws, the middle one longest. Ovipositor short, acute, and retrac-

tile. Eyes divided into two by a curved pointed projection from middle of cheek,

the upper portion being snuiller than the lower portion. Wings clear, colorless; costa

delicately serrate. General color, light orange yellow, tip of rostrum black, tarsi and
part of tibia orange.

S —The male resembles the female in all important respects except in being

smaller. Claspers about as long as preceding abdominal joint, or one-fifth the length

' Riley and Howard, Insect Life, vol. 5, p. 222, 1893.
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Adults of the Citrus White Fly on Foliage of Orange.

Fig. 1.—Tender growth swarming with adults. Fig. 2.—Leaf of same enlarged. (Original.)
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of the abdomen, curved gently ujnvard and inward, each bearing 4 or 5 equidistant

minute cylindrical piliferous tubercles on upper and outer edge; style almost as long

as claspers, rather stouter at base, more slender toward tip, terminating in a stout spine

at upper end. Head and abdomen with heavy tufts of wax soon after issuing from

pupa.

Examination of a large number of antennae shows that the rehitive

length of the antennal segments is subject to slight variations. The
average relative lengths are about as follows:

Segment J^ 2 ^ A A. A. '^_ Spi"e .

10, 24, 43^ 16, 16, 18, 22, 3

Although they have examined thousands of males both at and for

some time after emergence and as they occur at all times throughout

the grove, the authors have never been able to observe males with the

tufts of wax on head and abdomen mentioned in the above descrip-

tion and illustrated in connection with its original publication.

EMERGENCE.

DESCRIPTION OF THE PROCESS.

The emei\gence of the adult occurs soon aftei" its purple eyes and
folded whitish wings can be seen distinctly through the pupal skin.

About 20 minutes before the pupal skin is ruptured the body of the

adult shrinks gracUially away from it and assumes its natural shape.

This gradual shrinking away from the edges of the pupa, and the

accompanying thickening of the body, brings a pressure to bear on
the pupal skin which causes it to split from margin to margin between
the thorax and abdomen and along the median line from this

rupture to the anterior margin. Through the T-shaped opening

thus formed the insect first pushes its thorax, then its head, with

little apparent exertion. The body now projects almost perpendicu-

larly from the pupa c^se, as the pupal skin is called, with the an-

tennae, legs, and abdomen still in their pupal envelopes. By a series

of backward and forward movements the antennae and legs are freed

from their membranes and are in constant motion. The abdomen is

now so nearly out of the pupal case that the fly is practically free,

holding on only by means of the end of the abdomen. With a sudden
forward bend of the body the legs are brought in contact with the leaf,

and with their aid the fly frees the rest of its abdomen and crawls

away rapidl3\

The period covered between the time the insect ruptures the pupal
skin and the time it becomes entirely free from the case and is crawl-

ing is from 7 to 10 minutes. Not infrequently flies die during

emergence.

' These represent the spaces read on eyepiece micrometer when 1-inch eyepiece
and |-inch objective are used, and the miscroscope tube is drawn to 160.
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CHANGES AFTER EMERGENCE.

Immediately after emeryenee from the ])iipa ease the adult differs

fi-()iu the more matiii'e individuals in that the lemon-yellow eolor of

the body is not obseuied by the white waxy secretion that subse-

quently a])j)ears. Also the win^s, which appeared as crum])led

wliitisli pads when the thorax was first ])rotruded fiom the pupa
case, have had time oidy to ])artially ex])and. As the ily crawls a\\ay

from the case the A\ings are held ])er]^endicularly above the back, but

as the wino;3 gradually unfold ^and assume their normal shape they

are lowered to their national position. It requires about 7 minutes

for the wings to become straightened after the fly leaves the case,

and from about 14 to 17 minutes from the time they first begin to

expand. When fully expanded, the wings are colorless and trans-

parent, with the costa pale yellowish. The powdery whiteness so

characteristic of the flies as seen in the grove gradually appears as

the wax glands secrete their particles of wax. In about one and three-

fourths hours the wings and body have become perfectly white.

CONDITIONS AFFECTING EMERGENCE.

Aside from that inherent inlluence affecting the develojmient of the

citrus white fly and determining whether the adult shall emerge

during the first or second general emergence period, as hereinafter

described under ''Seasonal histor}^,'' many field observations made at

all seasons during the past three years, su])plemente(l by laboratory

experiments, have em!)]iasized the great influence which tem])erature

has on emergence. While a normal amount of humidity is necessary

for emergence to occur, it is not so controlling a factor as temperature

during ordinary Florida weather, as will be shown later. Light also

seems to affect emergence under certain conditions.

EFFECT OF TEMPERATURE ON EMERGEIiCE.

Conclusions drawn from field notes, supplemented b}^ laboratory

experiments, show that emergence seldom occurs outside the range of

62° F. to 85° F., with j)reference to temperatures ranging from 70°

to 85°. Duiing the winter months of December, January, and

Februaiy, when the average monthly mean is about 60° F., no emer-

gence occurs except to a slight degree during warm spells of sevei-al

days' duration. In January, 1906, when the average monthly mean
temperature was 59.6°, or practically normal, no flies were noted on

wing at Orlando, Fla., except in small trees beneath pinery sheds

where the temperatures averaged several degrees higher than outside.

During late December, 1908, and early January, 1909, the tempera-

ture had been sufiiciently high to cause a limited amount of new
growth to aj)pear on some trees in Orlando, and on January 4 a com-

paratively large number of adult white flies were seen feeding and
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depositing eggs on now giowtli in ji very sheltered place. The average

mean temperature of the 6 days jjreceding this observation was 66°

F., while, for the 6 days preceding these, when no white flies were

on wing, the average mean was about 58.5° F. Adidt white flies

were not seen in the la])oratory grove in February, 1909, until about

the 20th, or until the tenijierature records for the grove showed an

average daily mean of about 64.5°. It is from the above facts that

the lowest tem])eratiu-e at which emergence occurs has been deter-

mined to be about 62° F. This conclusion, drawn from general field

observations, is strengthened by emergence records kept in con-

nection with cage life-history work during the period of active spiing

emergence of ]\Iarch, 1908, when the monthly mean was 71°. Refer-

ence to the data contained in Tabh» XI brings out the fact that while

Table XI.

—

Relation of temperature to emergence*of the citrus white JJij.

Date.



70 WTITTE FLTF.S TXJURTOUS TO ("ITIU'S TN FLORIDA.

tically all adults at this season enier<i;e between 4 and 7 a. m. This is

true both in the laboratory and in the throve. Of 233 white flies

eniergino; separately in vials in the laboratory during Au2;ust, 1907,

212 emerged between 3.30 and 8 a. m., and the remaining 21, vdih

one exception, emerged between 8 and 9.30 a. m. In the grove over

95 per cent of the wliite fhes emerge before 7 a. m. At this time of

day the temperature ranges between 70° F. and 85° F. During the

early spring, when the daily maximum temperature does not usually

exceed 85°, emergence is not restricted to the early morning as during

the heat of summer, but occurs at all times of the day. It may also

be added that like conditions exist in October and Noveml)er, but

because of difference in seasonal history, they affect chiefly the spotted-

wing white fly.

EFFECT OF HUMIDITY ON EMERGENCE.

Under normal Florida conditions at Orlando, at any season of the

year, the relative humidity rises to nearly or quite 100 per cent by
from 6 to 10 p. m., and there remains until about 6 a. m., when it

normally drops rapidly, sometimes to as low as 19 per cent, though

more often to fi'om 35 to 60 per cent. It has already been statetl that

over 95 per cent of the white fhes will have emerged before 7 a. m. or

before the humidity has fallen far from the saturation point. That
temperature and not humidity is the more important factor governing

emergence in Florida, can be inferred by a comparison of the humidity

and temperature records of Table XIII. It so happened that the

cold wave of March 21, 1908, was accompanied by a higlier average

humidity, but the temperature and not the humidity prevented

adults from emerging. Again, during the spring, when the daily

maximum temperature is seldom above 85°—usually less—emergence

goes on even at midday wlien the humidity has dropped to as low as

33°. In tliis connection attention shoidd be called to the fact that the

liiiiiiidity in the corked vials mentioned under the prece<Hng heading

remained at about 100 jkm* cent throughout the greater part of the

experiment.

There are, however, times of abnoiinal weather coiuUtions when
lack of humidity seems to play an important ])art in j)reventing

emergence. During the month of March there sometimes occur thy

winds of several days' duration, accompanied by more or less heat,

which seriously check emergence, and, as far as can be determined,

cause many })upae from which adults are about to emerge to die.

Two such ])eriods occurred during March, 1909, from the 3d to the

6th, and from the 25th to the 27th, res|)ectiA^ely. During these

periods the rehitive humidity was extremely low, on one (hiy (h'opping

to 19 ])(>r cent. For 42 hours during the latter period the humidity

rangetl below 50 per cent and for 36 hours above 50 per cent. During
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these perioils einei\i:;onco was noted to be seriously checked and at the

end of the hitter upward of 30 per cent of the piip£e were dead, appar-

ently from no other cause.

EFFECT OF LIGHT ON EMERGENCE.

Durino; the summer months light seems to have an influence on

emergence. At this season emergence in the laboratory and grove

begins at about daybreak. Observations made at hourly intervals

on the emergence of 2.33 adults, from 3.30 and 4 a. m. show that white

flies rarely emerge before this time. In one instance only about one-

third as many white flies emerged from pupte ke})t in the dark fis from

those kept in the open, and their emergence was noticeably delayed.

During the cooler months the low morning temperatures prevent the

white flies from responding to this apparent stimulation due to light,

and they emerge at various times after the temperature has risen

sufficiently high.

DURATION OF LIFE.

Without food.—In none of the experiments conducted to determine

the length of adult life without food have white flies lived longer than

30 hours, and a very large percentage has died before the end of 24

hours. When confined on leaves of plants other than those recognized

as food plants, life is usually longer than this, but never approaches

the normal length. White flies confined on crape myrtle in July died

as soon as those kept in empty cages, but flies caged on oak, in March,

lived as long as 4 days; those on fig, in August, 3 days; and on banana

shrul), in July., 2 to 3 days. In all these tests flies were placed only

on the tenderest growth.

With food.—Adult life under normal outdoor conditions averages

about 10 days, although individual white flies kept in cages have been

known to live as long as 27 days. Adults are so fragile and so easily

killed by winds and heavy showers and by numerous species of spiders

and ants that their duration of life is at most very uncertain. Cage

experiments during March, April, July, August, and Sej^tember show
that, in the cages at least, there is little dilference in the length of

life at various times of the year.

The courtship of the citrus white fly has been observed to begin

within 2 hours after emergence, and in one instance even before the

wings of either male or female had become whitened. There is no

time in the day when the males can not be seen courting the females.

The male appears unable to locate the female at a distance much
greater than one-fourth of an inch, according to Prof. H. A. Gossard.

Observations made din-ing the present investigations show that when
males and females are placed in separate receptacles and separated
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only by a voiy ])()roiis cheesecloth they show absolutely no attraction

to each other. Mating, therefore, is not so likely to occur when the

adults are scarce, as it seems to be the result of chance meeting ujnm
the leaves rather than to such a defiiiite attraction as exists between
males and females of many moths.

lj)()n detecting the female, the male approaches her nervously,

stopping at intervals, especialh" as the distance lessens, and swinging

his body about excitedly in a semicircle, the head being used as a ]nvot,

his wings in the meanwhile opening and closing spasmodically. While

no movement is made by the female, she is repeatedly approached

from many directions before coition occurs. More often the male lies

alongside the female and courts her in this position, raisuig and low-

ering his wings as above descnbed, and raising and swinging liis abdo-

men from side to side. During these antics of the male the female

remains quiet, only occasionally flittering her wings. While males

may be seen courting females at all times of the day, it is seldom that

one sees a pair in coitu except late in the afternoon and evening. Be-

cause of the uniformity of color and the ease with which adults are

disturbed and made restless the duration of copulation can not be

stated with certainty, but it probably lasts but a short time. Experi-

ments to determine the duration of fertility have thus far proved

unsuccessful.

OYIPOSITION.

AGE AT BEGINNING OVIPOSITION.

Virgin females in confinement have deposited eggs \\atliin 6 hours

after emergence. In one instance 35 virgins deposited 58 eggs between

5 and 9 J hours after emergence during summer weather, with the

temperature ranging from 80° to 92° F. However, even at this tem-

perature single females occasionally did not deposit eggs for over 24

hours. Prof. H. A. Gossard ^ states that egg laying begins at from

IS to 30 hours after the emergence when the temperature ranges from
65° to 75° F. Laboratory tests have shown that lack of fertilization

does not prevent a female from de]')ositing eggs, but that she will

readily deposit infertile eggs until o])portunity for mating presents

itself.^

PORTION OF PLANT SELECTED.

If not numerous, the females deposit almost exclusively on the under

surface of the leaves, laying over 75 per cent of their eggs on the half

of the leaf bordering the midrib. It is only when very abundant
and i)ressed for room that they deposit eggs thickly over the entire

lower surface and more sparingly on the upper surface, the petioles,

and the stems of twags. Next to the portion bordering the midrib,

the natural tlcj^rcssions and the curled margins of the leaf, especially

' Bui. 67, Fla. Agr. Exp. Sta., p. 009, 1903.
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of the tender growth, are favorite phices for oviposition, and not

infrequently as higli as 40 per cent of the eggs are there hiid, even

when the adults, are not very abundant. Although eggs may be

deposited along the leaf margin, it is seldom that they are laid on the

margin itself, as is the case with the cloudy-winged white fly. Even
when not crowded for leaf space, the adults sometimes settle upon the

under side of young fruit, where they deposit eggs freely and appar-

ently feed.

DAILY RATE OF OVIPOSITION.

Previous to tliese investigations no data have ])een j)ul)lislied on

the daily rate of oviposition. In obtaining the data given in Table

XII, the females recorded were collected at random throughout the

grove, without regard to age, and, together with males not mentioned,

were caged over leaves cleaned of all eggs and larvae of the white

fly and allowed to remain the recorded time, when the adults were

removed and the eggs counted.

Table XII.—Daily rate of oviposition of the citrus tvhitefly.

Record
No.
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shows that as many as 14, 19, 27, or even 33 eggs may be deposited

by a single female in one day. It will also be noted that much
variation exists between tlie number of eggs deposited by several

different females on the same day. and by the same female on suc-

cessive days without any apparent reason, and that there exists no

appreciable dilTerence between the rate of deposition by virgin and

by fertilized females.

Table XIII.

—

Number of eggs deposited by single females of the citrus white fly.

Flv
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the next 5 dropped to an average of 7.<S; Nos. 4 and 7 sliowed a sharj)

falling off dining the second 5 days. No. 3 is an excej^tion to the

above statement, maintaining an average of from 9.S to 11.8 eggs

per day for the first three periods of 5 days each, and during the

fourth period of 5 days deposited as many eggs as during the first

5 days. It will be noticed, however, that No. 3 deposited compara-
tively few eggs during the early ])art of her life. In view of the fact

that the average adult life is only about 10 days, the higher rate of

deposition during early life has an influence on nudti])lication.

NUMBER OF EGGS DEPOSITED BY SINGLE FEMALES.

First mention of the egg-laj'ing capacity of the citrus white fly

was made by Riley and Howard/ who based their conclusions on
the number of eggs that could be counted in the abdomen of the

females when mounted in balsam, and not upon daily counts of eggs

deposited by the females throughout life. Their estimate of about

25 eggs as the probable total number of eggs deposited by a single

female during life has been generally acceptetl by subsequent writers,

none of whom has ever placed the maximum number deposited

above this figure. The present investigations, however, have demon-
strated that this estimate is far too low and that the number of well-

developed eggs to be found in the abdomen of the female at any one

time is not indicative of the number of eggs deposited throughout

her life. Females have been known to deposit more than this number
of eggs in a single day. As will be seen by reference to Table XIII, as

many as 211 eggs have been actually deposited by one female, and
should the 1 1 well-developed eggs found in her abdomen at death be

added a total of 222 eggs would be obtained. As this female. No. 6,

lived but 17 days and others have been known to live 28 daj^s, it is

even probable that as many as 250 eggs more nearly represent the

maximum egg-laying capacity under most favorable conditions. How-
ever, it is seldom that a female lives sufficiently long to deposit her

full quota of eggs. With the average length of adult life curtailed to

about 10 days, the average of 149,2 eggs per female, as shown in

Table XIII, is beyond doubt high. An average of 125 eggs per female

is nearer the number of eggs deposited during life in the grove.

ACTIVITY IN OVIPOSITION DURING DIFFERENT PARTS OF THE DAY'.

In order to determine that portion of the day when eggs are most
freely deposited by females during summer weather, atlults were

inclosed in a rearing cage over leaves from which all previously

deposited eggs had been removed, and allowed to remain for a period

of two hours, when the cage with adults was removed to another leaf

and the deposited eggs counted, with results shown in Table XIV.

1 Insect Life, voL 5, p. 222, 1893.
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Table XIV.—Activity of the citrus white fly in oriposition during different parts of the day.
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old leaf of orange for two liours, when the adults were removed and

576 eggs were found to have been laid on the tender leaf and but 25

on the old leaf. Again, under practically the same conditions, 364

eggs were deposited upon tender growth and but 2 on very old growth.

The difference between oviposition on tender August growth and

spring growth is not as great as this, though very marked, as about

90 per cent of the third-brood adults fly to the new growth put on

by the trees late in July and early in August.

From the foregoing it is evident that the number of eggs deposited

is strongly influenced by the nature of the insect's food. Females

confined in empty cages never deposit eggs, neither do those resting

upon tliick bark, laddei-s, or picking boxes, and, as has been stated

under "Food plants," oviposition is entu'ely checked^ when females

are confined with leaves of nonfood plants. This- difference in the

number of eggs deposited on various plants may prove of value from

the standpoint of trap foods, and become a factor in the control of

this pest.

PROPORTION OP SEXES.

Examination of thousands of adult citrus white flies at all seasons

of the year has shown that after a grove has become well infested an

equilibrium between the proportion of males and females is estab-

Hshed from which there is under ordinary conditions httle variation.

In such groves it has been found that from 60 to 75 per cent of the

adults are females. Of the records on file, about 66 per cent give

percentages of 60 and over for females, wliile 66 to 76 per cent are

more frequent percentages where adults are abundant.

In groves where the progress of the wliite fly has been very seri-

ously and suddenly checked by natural or artificial causes, the pro-

portion of sexes is subject to a much \\dder variation and there follow

for a time fluctuations between a predominance of males and females.

In one such grove where the wliite fly had been greatly reduced in

numbers because of the scarcity of adults of the first brood, there was

a very large percentage of males appearing with the second brood,

which in turn resulted in the tliird brood of 90.5 per cent females.

In a second grove, where over 99 per cent of the wliite fly were killed

by fumigation, the few females of the fu'st brood, because of their

isolation due to scarcity in numbers, were forced to deposit mostly

infertile eggs, which resulted, in* the second brood, in a reduction of

females to 18.6 per cent.

Dependence of sex upon parthenogenesis.—The proportion between

the sexes is largel}^ and evidently entirely dependent upon partheno-

genesis. It has been shown that infertile females deposit eggs in as

' Three hundred adults of A. citri confined on the tenderest spring growth of oak

for three days deposited 1 egg.
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large immbors and as frcquontly when males are not given access to

tlieni as do fertile females, and that the adults develo])ing from these

eggs are all males. Whether the adults from fertile eggs, are invari-

ably females has not been proved, although the e\adence leaves httle

doubt that they are. If otherwise, it would be dillicult to account

for the fluctuations in sexes mentioned under the preceding heading,

or to explain the great predominance of females over males after the

species has become well established.

INFLUENCE OF WEATHER CONDITIONS ON ACTIVITY OF ADULTS.

During the cooler portions of the year, when ackilts are present on

the trees, very few are seen flying about from tree to tree unless

abundant. The moiiiing and evening temperatures easily chill them;

hence their activities are conflned to the warmer part of the day.

However, after summer weather has become established the \\hite

flies rest very quietly on the under surface of the leaves during tlie

greater part of the day. They shun the bright sunsliine and prefer

leaves in shaded places. When exposed to the sun without protec-

tion they soon die. As the temperature falls duimg the late after-

noon, and especially after afternoon showers when the humidity has

risen to 90° or even to 100°, the}' become very active, and about 4

o'clock begin to fly about from leaf to leaf and from tree to tree, and,

when very abundaut, s\varm in such large numbers about the groves

and town streets as to arrest the attention of pedestrians, to whom
they become at times a source of much aggravation, becoming en-

tangled in the hair, cruslied upon the clothmg, breathed in with the

air and causing choking, and flying into the eyes.

FEEDING HABITS OF ADULTS.

The adult insects, having well-developed sucking mouth parts, feed

upon the plant juices in the same manner as do the larMie and pupa3,

but with the advantages of not bemg confined to the same location.

They do not leave any external evidence of the feeding except on

very young growth, when the feeding of a large number of atlults

frequently produces a crinkling of the foliage.

It is difficult to determine positively whether or not an adult citrus

white fly is feeding when it is resting on a leaf or stem. Adults lest

contentedly during the warm portions of the day upon the underside

of leaves of plants U])on wliich they have never been known to de-

posit eggs. Under these circumstances they even appear to mate,

and it seems probable that they feed to a fimited extent. When on

one of the piincipal food plants of the species, however, it is safe to

consider that adults feed wherever eggs are deposited in noticeable

numbers. It is because of this indiscriminate settling uj)on vege-

tation upon which they are not able to subsist, and u])on which they
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never breed, tluit the belief has received such an iinfortimately wide

circidation among orange growers that the citrus white fly breeds on

all kinds of hammock trees, shrubs, and grasses. Regardless of the

food plant, the adults feed almost exclusively upon the under surface

ot" the leaves, more rarely upon the fruit, and never upon the woody
portions of the tree. When new growth is very young and the leaves

have not expanded, adults often feed upon both surfaces of the leaf,

the petiole, and even the tender shoots, but this lasts only I'or a short

time. At all seasons the newest growth is preferred, as indicated

by the data under the caption of the relation of food supply to ovipo-

sition, and the portion of the phmt selected comcides with tliat

already discussed for oviposition. It should be noted here that the

decided preference of the adults for the new growth has a checking

effect, as noted elsewhere, upon multiplication, as they are entirely

lacking in instincts preventing over-oviposition

Multiplication.

The relation of multiphcation to food supply and the restrictions

upon multiplication due to overcrowding, natural mortahty, drop-

ping of leaves after freezes, parthenogenesis, and attacks by insects

and other predaceous enemies and fungi will be found treated else-

where. It has been estimated that not more than 5 per cent, at the

most, of the eggs deposited througiiout the State result in the develop-

ment of mature insects. If each female deposited her full number
of eggs and all the forms lived, it has been estimated, the progeny of

a single pair of white flies emerguig in January would amount to

about 55,000,000,000 in one year.
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Length o^ Life Cycle.

Data concerning the duration of the egg, larval, and pupal instars

of the citrus wliite fly have already been given, but not in a form readily

sliowuig the relation to the complete life cycle. From some of the

more important and complete of the life-history studies the data in

Table XV have been arranged to illustrate the impoitant points in

this connection:

Table XV.

—

Length of life cycle of the citrus xvhite fly at Orlando, Fla.

Lot No.
Eggs de-
posited.

First fly

emerged.

Last fly

emerged
in fall.

First fly

emerged
in spring.

Last fly

emerged.

No. 1 .

.

No. 2..

No. 3..

No. 4..

No. 5..

No. 6..

No. 7..

No. S..

No. 9..

No. 10.

No. 11-

No. 12.

No. 13.

No. 14.

No. 15.

Feb. 23
Mar. 3

\m. 3
.-Vpr. 20
June 10
July 17

..do
July 19
July 26
Aug. 1

Aug. 3
Aug. 8
Aug. 9
Sept. 18

Sept. 21

Apr. 30
May 9
May 30
June 7

July 30
Aug. 27
Sept. 4

Sept. 2
Sept. 6
Sept. 19
Sept. 25
Sept. 19
Mar. 30
Mar. 16

Mar. 12

Mar. 18

Sept. 10
Sept. 17
Sept. 21
Sept. 20
Sept. 26
..do
Sept. 27

Mar.
Mar.
..do.
Mar.
Mar.
Mar.

Apr. 16
May 4
May 1

May 10
Apr. 6
Apr. 15

Mar.
Mar.
Mar.

May 12
Apr. 28
May 10

Lot No.
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all iiidivitluals winter over as pupa?. It should also be noted that

the number of maximum degrees of effective temperature is more
strongly influenced by the time of year the eggs are deposited—the

nearer the whiter months deposition takes place the fewer the degrees

accumulating before the last fly emerges. This is due to the equal-

izing effect of the cooler winter temperatures.

This same equalizing effect of the winter temperatures upon the

length of the life cycle for individuals developing from eggs laid on
September 20 is brought out in Table XYI:

Table X\'I.—Duration of Inslars of the citrun u'hite Jlij.
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observations of the ])ast leadino: to the statement of three more or

less distinct periods of emergence are correct, the number of genera-

tions annually ranges from two to five, or, under unusually favorable

conditions, from three to six. In figure 1 1 the maximum and mini-

mum number of generations as actually known to occur in groves

at Orlando during 1907-9 has been plotted. Figure 11 is based

upon the development of inchviduals in rearing experiments. The
generation between January and March may or may not occur,

according to whether the winter weather is warm or cold, but when
present is .numerically insignificant. The other generations are

more confused than can be indicated diagrammatical ly. As may

fijMyfy

1

—

> I <

(3)jaA/£,jaLr

(4)/ic/6., 6£:pr.

(sjSEPTyOcr'^

(5jy^(J6.,6£Pr.

(e) sept:, ocr

y N^ \^ \^ y ^ \K

3rvf. 4f/r. 5fh. 4r/T. 5f/f. 6fA. 3n/.

* /JDULTS £Af£'/?G//V6 /^T TH/S T/ME /JRE F/fOM £GGS D£POS/r£D
GEFOf^E THE /5f/r. OF /^C/GC/ST.

Fig 11.—Diugruiii showirifr goneralions of thi'ciini.s while. Ily. (Original.)

have Deen mferred from data in Tables XV and XVII, the variation in

the number of generations is chie almost entirely to the length of the

puj)al stage, which, as has ah-eady been pointed out, is subject to

wide variation, the cause of which can not be traced to food, tem-

l)erature, humichty, or location on the tree. The most striking

variation in the length of life cycle, with Its effect ui)on the possible

number of annual generations, is found among individuals developing

from eggs deposited in A])ril and May. In one instance eggs depos-

ited on April 20 produced adults on June 5, July 31, and in the

following March. In the main, each generation has two more or

less distinct ])eriods of emergence, as reference to the data hi Tables

XV and XVII will show.
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Table XVII.

—

Emergence of adult citrus white flies at Orlando, Fla}

Record
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of mntcring-over piipsc belong to the fourth, fifth, and sLxth genera-

tions, with the hist two most abunchmtly represented. Tlie number

of third-generation pupa3—or second generation should the first gen-

eration in figure 1 1 not occur—to winter over is insignificant.

Seasonal Fluctuations in the Numbers of Adults or so-called "Broods."

During winters of unusual mildness there is a tendency for con-

tmuous breeding, and adults in vaiying numbers can be found on

the wdng at different times, but these are as a rule too few in number
to be of unj)ortance in effecting the general seasonal histoiy of the

citrus white lly. With the exception of the Imiited number of larvee

developing from eggs deposited by these unseasonal adults, the

wliite fly passes the wdnter in the pupal stage. The first general

spring emergence of adults begins after tlic daily mean temperatures

have risen to about 65° F., which at Orlando in 1909 was about Feb-

ruaiy 20.

There are three periods throughout the year when adult citrus

white flies are so much more abundant than at other seasons that it

is generally said there are three broods of white flies each year,

f^BPU'^ffy
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southern portions. Prof. H. A. Gossard has stated that at Lake

City in 1902 white flies began to appear no earher than April 14, and

continued to appear until late in May, although the majority of them

emerged during the latter half of April, while in 1903 the same trees

produced adults as early as March 12, or but one week later than

groves at Orlando and Palmetto. While the spring brood of adults

at Orlando in 1909 had begun to emerge as early as February 20 and

had reached their height and begun to decline by March 27, on the

latter date in St. Augustine only 5 per cent of the pupte had devel-

oped the eyes of the adult and practically no adults had emerged.

Professor Gossard also is authority for the statement that at '^ Tampa,

30 to 40 miles north of the Manatee section, the spring brood of

white flies has in some seasons preceded their appearance about

Bradentown and Manatee by two weeks." By June 18, 1909, more

than twice as many adults of the second brood had emerged at

Manatee as at Island Grove about 125 miles north in Alachua County,

while by July 7 of the same year the white fly in a grove at Alva in

Lee County was no further advanced than at Orlando.

From tlie curve in figure 12 it will be noticed that there are two

periods of al>out tliree weeks during the summer between the broods

when adults are comparatively very scarce. Wliile reference to

Table XVII shows that a few wintering-over individuals continue

to emerge as late as early May, the period between the first and sec-

ond broods of adults is exceptionally free from adults of the citrus

white fly. This, however, is not true of the like period between the

second and third broods as before this time the generations of the

white fly have become somewhat confused, due to variation in life

cycle, and adults continue to emerge in appreciable numbers through-

out the period.

In speaking of the entire citrus belt, including Florida and the

Gulf States, the greater part of the spring brood may be said to

emerge during March and April; the second brood to emerge during

late May, June, and July, and the third brood during August and

September. It should be noted here that the greater part of the

adult white fhes appearing in October and November in the central

and southern part of Florida are the cloudy-winged wliite fly, A.

nuhifera, although in the northern part adult specimens of A. citri

have been seen in small numbers on the wing in St. Augustine as

late as November 15.
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THE CLOUDY-WINGED WHITE FLY.

(Aleyrodes nubifera Berger.)

HISTORY.

Specimens of the cloiuly-win2;o(l white fly (e<jgs, hirva"", and piipie)

in the collection of the Bureau of Entomology show that this species

occurred on oranges in the United States as early as 1889. The
records in connection with the specimens show that it was collected

in Mississippi and North Cai'olina in 1889, in Louisiana in 1890, and
in Florichi in 1895. Outside of the United States it is known to occur

only in Cuba. Its introduction into the United States from Cuba
does not seem as probable as its introduction into Cuba from the

United States. At present there is no evidence concerning the

prol)able origin of the insect except in the absence, so far as is known,

of other fooil plants than citrus, wliich would seem to indicate the

introduction of the insect vnth. its only known food plant.*

Several writings on the citrus white fl^^ (Aleyrodes citri) have in part

included the cloudy-winged white fly (A. nubifera). Prof. 11. A.

Morgan,^ in 1893, previous to the pubhcation of the original descrip-

tion of Aleyrodes citri, briefl}^ described the egg of Aleyrodes nuhifera

and figured it, the description of the pupa and adult given at the

same time evidently being based on specimens of A. citri. The
species to which Prof. ^lorgan referred the specimens was Aley-

rodes citrifolii Riley !MS. The original description of the citrus

wliite fly,"* while unquestionably defuiing the species generaUy recog-

nized as A. citri, included in part reference to what is probably the

spotted-wing white fly. In the text the description of the first

stage or instar of the larva was evidently based on a specimen of the

spotted-^\'ing white fl}^ and the illustration of the first instar * was

also based on this species \nt\\ little doubt. One figure of the pupa ^

and one of the pupa case '"' evidently were based upon specimens of

the same species. In the writings of Prof. Gossard there are no

references in the text Avliich evidently refer to the cloudy-winged

white fly, but what is ])ro))ably this species is represented in an

illustration of the first stage.

^

' Its recent discovery on Ftcus nilicla, rubber tree, in greenhouses at Audubon Park,

New Orleans, La., points to its possible introduction from India.

2 The Orange and Other Citrus Fruits. Special Bulletin Louisiana Agricultural

Experiment Station, p. 72, 1893.

3 Insect Life, vol. 5, pp. 220-222, 1893.

* Id., vol. 5, p. 219, fig. 23, d.

^ Id., vol. 5, p. 219, fig. 23, h.

« Id., vol. 5, p. 219, fig. 23, i.

' Bulletin 67, Florida Agricultural Experiment Station, pi. 2, fig. 1. See also

Bulletin 88, pi. 2, fig. 1, and Bulletin 97, fig. 11, Florida Agricultural Experiment

Station, and Circular 30, California Agricultural Experiment Station, pi. 2, fig. 1.
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The white fly known as tlie cloiuly-wingcd white fl}" was first

determined as specifically distinct from the citrus wliite fly by Dr.

E. W. Berger in 1908. Dr. Berger has recently given this species

its scientific name in connection with a synopsis of the principal

distinctive characters and illustrations of egg and larval and pupal

stages.^

AISfOUNT OF IN.TURY BY THE CLOI^DY-WINGED WHITE FLY.

The injury caused by the cloudy-winged wliite fly is at pi'csent

much restricted by several factors. In Florida the distribution of

this species is limited as compared with that of the citrus wliite fly.

Its food-plant differences and adaptations are such- that orange

trees - are not as a rule subject to as heavy infestations as by the

citrus white fly, although with grapefruit trees this situation is

usually reversed. Most important as a factor limiting the injury

from the cloudy winged wliite fly is that when both occur in an

orange grove the citrus wliite fly almost invariably predominates

and the cloudy-winged white fly assumes a position of comparative

insignificance. Owing to the diH'erence in the seasonal history of

the two species of white fly this latter point is not always apparent

to the casual observer. An observation made between the broods

of adults of the citrus wliite fly, or at any time after the middle of

September up to December 1, may result in noting a great pre-

ponderance of the cloudy-winged wliite fly, leading one to conclude,

perhaps, that it is tliis latter species wliich is causing the most injury.

An examination of the leaves during the winter months, when there

are practically no adults of either species, will probably show an

entirely different situation. In many groves near Orlando and

Winter Park in Orange County, Fla., botli species of white fly are

well established and practically have assumed their normal rela-

tive positions in point of numbers. Examinations of leaves varying

in number from 85 to 400 pinched at random in 11 of such groves

furnish data which illustrate the general situation as regards the

importance of the two species of white fly under the conditions

mentioned. (See Table XVIII.) All the examinations were made
during the winter months, using pupa cases and live pupae as the

basis of the comparison.

1 Bulletin 97, Florida Agricultural Experiment Station, pp. 68-70, figs. 12, 14, IG,

18, 19.

- According to the latest statistics available (Ninth Biennial Report of Commis-

sioner of Agriculture, State of Florida) there were more than five times as many orange

trees as grapefruit in Florida, 1,786,944 orange trees being reported for 1905 as against

373,008 grapefruit trees.
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Table XVIII.

—

Comparniire abundance of Aleyrodcs citri and Alcj/rodcs nubifera in

groves infested by both species.

Grove Nos.
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injury to grapefruit the authors consider 25 per cent a fair estimate

of the injury by the cloudy-winged white fly as compared with about

10 or 15 per cent by tlie citrus white fly. The total loss in Florida

due to the cloudy-winged white fly is estimated by the authors at

between $100,000 and $125,000 per annum at the present time.

DISTRIBUTION.

So far as known at the present writing the cloudy-winged white fly

occurs in 12 counties in Florida. The locality list is given below :^

Brevard County: Mims, Sharpes, Titusville.

Dade County: Miami.

Hillsboro County: Riverview, Thonotosassa, Ybor City, Clearwater, Dunedin,

Largo, Ozona, Safety Harbor, Saint Petersburg, Sutherland.

Manatee County : Bradentown, Oneco, Palmetto.

Mom-oe County : Key West.

Orange County: Geneva, Maitland, Ocoee, Orlando, Oviedo, Waco, Winter Park.

Palm Beach County: Palm Beach, West Palmbeach.

Polk County: Auburndale, Bartow, Lakeland, Winterhaven.

St. Lucie County: Fort Pierce.

Sumter County: Wildwood.

Volusia County: Haw Creek, Holly Hill, Port Orange, Pierson.

Outside of the State of Florida the only available records of the

occurrence of the cloudy-winged white fly are those of the Bureau of

Entomology in connection with specimens in the collection. Mr.

A. L. Quaintance has identified as this species specimens from New
Orleans (1890) and Baton Rouge, La. (1891), Pass Christian, Miss.

(1889), and Raleigh, N. C. (1889). In a brief examination at Audu-

bon Park, New Orleans, in August, 1909, the senior author was

unable to find any evidence of the presence of this species, although

the citrus white fly was prevalent on citrus trees, privets, and other

food plants.

As stated in the footnote on page 27, the species occurring at

Bakersfield, Cal., in 1907 was the cloudy-winged white-fly. Owing

to the fact that the insect is, so far as known, confined to citrus as a

food plant and only a limited number of these in an isolated location

were infested, the thorough measures adopted by the agents of the

State commissioner of horticulture met with complete success, and

there is no record of this species occurring at present in this State.

Its occurrence in Cuba has already been noted, specimens having

been received from Santiago de las Vegas in 1905.

The distribution of the cloudy-winged white fly in Florida, so far

as now known, is shown in figure 13. The territory included in the

' The authors have determined as Aleyrodes nublfera specimens from all of the

localities listed above except the following, which are listed upon the authority of

Dr. E. W. Berger: Holly Hill, Ybor City, Bartow, Clearwater, and Safety Harbor.
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infested area is not generall}" infested, iuu\ the same ])recaiitions

should be observed within this area as outside of it to avoid unneces-

sary spread of the pest.

FOOD PLANTS.

Tlie cloudy-winged white fly is not known in Florida to ])reod

upon any other food plant than citrus. It has recently been dis-

coA^ercd infesting the rubber trees {Ficus nitula) growing in the green-

houses in Au(kd)()ii Park, New Orleans. Extensive examinations

for possible footl plants have been made by the authors and by
Dr. Berger, and it is reasonably certain that no important food

plant will b(» found

in Florida citrus-

growing sections
which will interfere

with the control of

this species.

Examinations of

prickly ash {Xan-
tJioxylum ckiva-lier-

culis), the most com-
mon representative

of the family Ruta-

cese to which the

citrus belongs, indi-

cate that this species

of white fly never

breeds on this plant,

regardless of the con-

dition of infestation of neighboring citrus trees. Reports of blacken-

ing of the foliage of prickly ash })y the white fly in sections where

only the cloudy-winged white fly of the two herein treated occurs,

are doubtless erroneous and probably based upon the blackening due

to an aphis or to some other insect. In addition the following plants

have been examined under favorable conditions to determine if sub-

ject to attack by the cloudy-winged white fly, but so far without

results:

China trees and umbrella diina trees, cape jessamine, privets,

Japan and wild persimmons, oaks, wild cheny, guava, fig, grape,

cherry laurel, blackberry, and magnolia.

SPREAD.

The (hssemination of the cloudy-winged white fly is limited by the

same factors which have been discussed as unfavorable to the suc-

cessful establishment of the citrus white fly. Aside from these factors

Fig. 13.—Map showinp; dislribtilion of the cloudy-winged white fly

(Alfyrodcs nubi/era) in Florida. (Original.)
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its chief limitation is in its lack of important food plants other than

citrus. ^Migrations of adults are not an important factor in the spread

of this white fly except between adjoinino; groves. Its spread through-

out a newly infested grove and to adjoining groves is perhaps favored

by its greater degree of attraction to new growth. It has been

observed frequently in newly infested groves that it is found to be

present in very small numbers over a considerable area, whereas the

citrus white fly, when at a corresponding mmierical status, would

be expected to be more localized. Winds arc doubtless concerned

with the spread of the insect from local centers, but, as with the citrus

white fly, they are evidently a factor of small consequence in spread

to distant points.

Flying insects and birds as carriers of the crawling larvae are neces-

sarily of little or no consecpience in the spread of the cloudy-winged

white fly, as with the species previously discussed. Between groves

vehicles of various kinds are of much importance in distributing this

white fly, as is generally recognized. Without doubt infested citrus

nursery stock has been the principal factor in the

spread of the spotted-wing white fly. Nursery

stock from Mims, Fla., is quite defmitely known
to have been the source of this wdiite fly at

Sharpes, Fla. At the present time it seems to

be the most probable source of this white fly at

Fort Pierce, Palm Beach, and Miami.

The species here considered are apparently as

likely to be carried on the person from an in- riG.i4.—Thecioudy-winged

fested grove as is the citrus white flv, the degree '^^^"''^
^J' ^^.^. '"''^"^^^

" _
_

" ' -^ enlarged. (Original.)

of infestation being eciual. The same may be

said of pickers' outfits. The introduction of fungus-infected leiaves

into groves infested only by the citrus white fly in connection with

the introduction of fungus parasites has doubtless assisted in the

spread of the cloudy-winged white fly, but not to the same extent

that this has assisted in the spread of the former species.

LIFE HISTORY AND HABITS.

The Efio.

The egg (iig. 14) of the cloudy-winged white fly differs fi'om that

of the citrus white fly in that it is not greenish-yellow and highly

polished, but bluish or grayish black and roughened by a film of wax
arranged in an hexagonal pattern. To the unaided eye the eggs

appear as fine particles of blackish dust scattered over the leaves

(Pl.'X, fig. 1). Because of then* dark color they are more readil}^

seen on the tender citrus growth by the average observer than are

the eggs of the citrus white fly. When first deposited they are not

blackish, but are dull white or cream colored and under the micro-
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scope the waxy coating appears tinged with red. The eggs remain

pale for three days, when about 96 per cent turn black, the rest taking

sometimes as long as seven or eight days to darken. Meanwhile the

waxy coating has turned gray. Because of the dark color and much
tougher chorion, the eyes of the embryo are not as easily seen as are

those of the citrus wliite fly. The eggs are attached to the leaf by a

pedicel arising from the proximal end similar to that of A. citri.

A study of the contents of Tables ^' III and XIX will prove that

what has been said of the duration of the egg stage, variability under
identical temperature conditions, and effect of temperature in gen-

eral, regardmg the citrus white liy, a})i)lies almost equally well to this

species.
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The duration of tlie egg stage, however, is in general shghtly longer.

As the bulk of the eggs hatch from 1 to 10 days later, a slightl}' higher

numl)er of degrees of accumulated effective temperature are neces-

sary, and hatrhing is more evenly distributed though not always

extending over a larger number of days.

The i)rocess of hatcliing, proportion of eggs that hatch, and the

effect of drying of leaves in hatching do not appreciably differ from

what has been stated of A. c'ltri; in hatching, liowever, the egg mem-
branes split only about one-third the length of the egg from the tip

and on one side only, and on account of the tougher chorion do not

slii'ivel, but retain their original form. Frequently, after tlie larva

has escaped, the membranes spring back into their original position,

thus causing the eggs to appear unhatched; as a rule, however, this

does not occur, and the opening made by the

escapmg larva does not close. While no adults

have yet been reared from larvse hatching from

infertile eggs, it has been proved that A'irgin

females of the cloudy-winged white fly will

deposit eggs and that these readily hatch and
produce healthy larva?, and the evidence in

case of tlie citrus and greenhouse white flies

leaves no doubt that adults resulting from in-

fertile eggs will ])rove to be of the male sex.

The Lauval axd Pupal Stages.

THE larva.

The larva of the cloudy-winged white fly

Fig. i5.-The cloudy-winged ^\^y^^ j^t difl'er in general appearance from
white fly: Ventral view of ,i , f ,, •, \ -^ n *. .1 i. -4. •

crawling larva of the fjrsl that OI the CltrilS wlllte llv eXCCpt that it IS

instar. Greatly enlarged.
.^ i^.[j\q larger. With the aid of the microscope

the first instar may be separated from that

of ..1. cifri by the possession of 36 instead of 30 marginal bristles.

No structuial did'erences between the second and third instars of the

two s})ecies have been discovered. Following is a more detailed

comparative description

:

Firal larvalinslar (fig. 15).—Lfiiglli, O.li'M).:;:.' mm.; wuUh, 0.ii)-0.22 mm. Similar

to the corresponding instar of A. ciiri, but, differing in being proportionately bnjader,

in pcssessing 18 instead of 15 pairs of marginal bristles, and in developing soon after

settling a marginal irregtUar wax fring(^ eventually equaling in width the length of

the marginal spines. Relative length of marginal si)ines as follows:

Pair J__2__3_ J_AA, _I_AA
Spaces 10.5' 7.5* 10. S' 8.5' 7.

0' 5.5' 6.
0'

5.
0' 6.0

Pair iO 11 i2^ il ii JA J^ iL 18

Si^aces 5.0' 5.
0' 5.0* 5.

0' 5.0 6.5' 15.5' 6.5' 15.5*
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The relative lengths and location of other spines of the body do not differ from

similar spines on A. citri, neither do there appear differences in the structure of the

antennae, legs, vasiform orifice, or mouthparts when examined under a one-sixth inch

objective. Particles of wax secretions are found in varying

amounts on the ventral surface, sometimes in such abun-

dance as to make microscopic examinations difficult.

Second larval instar.—Length, 0.42-0.51 mm.; width

0.28-0.37 mm. Except in point of size no differences

have been discov-

ered between this

and the correspond-

ing instar of A. citri.

Third, larval instar

(tig. 16).—Length,
0.66-0.9 mm.; width,

0.48-0.68 mm. Ex-

cejjt in size no differ-

ences have been dis-

covered between this

and the correspond-

ing instar of .1. citri.

Fig. 1G.—Tlie cloudy-winged

white fly: Ventral view of

crawling larva of the third

instar. Greatly enlarged.

(Original.)

Fig. 17.—The cloudj^-winged white fly.

Pupa: a, Ventral view; 6, enlarged vasi-

form orifice; c, enlarged margin, a, Greatly

enlarged; b,c, highly magnified. (Origi-

nal.)

THE PUPA.

In general appearance the pupa of

the cloudy-winged white fly (fig. 17, a,

h, c) resembles very closely that of the

citrus white fly. No striking structural differences have been dis-

covered between them. They are, however, very distinct, and one who
has examined them carefully can reatlily separate them without the aid

of a lens. The most important differences are

in the larger size and thinner and flatter appear-

ance of the pupa of the cloudy-winged white

fly. The diff'erence in outline is shown in figs.

9, c, and 17, c. Their skins are more mem-
branous, making them more delicate and easily

crumpled. Furthermore, after thickening be-

fore maturity they do nt)t develop the bright

red or orange spot on the middle of their backs,

and the wing pads and body of the adult (fig.

18) are more easily seen. The pupa case (PI.

VIII, fig. 3) is much thinner, more membranous,
and falls from the leaf more readily. Its walls

do not remain rigid as do those of A. citri, but

because of their more delicate structure col-

lapse after the emergence of the adult and
appearance shown in the illustration.

^^"^JitMm^:

Fig. 18.—The cloudy-winged

white-fly: Dorsal view of

pupa, showing adult insect

about to emerge. Greatly

enlarged. (Original.)

present the crinkled
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DURATION (IF IXSTARS.

Larval instars.—By compuriiiii; the clahi in Tables IX and XX it

will be found that the larvae of A. nuhifera are slower in maturing

than those of A. citri. Wliile this difference is not so pronounced

during the warmer montlis of tlie year, the total average number of

days being 25.9 and 23.1, respectively, during the cooler months it is

very striking, the total average number of days then being 56.7 for

A. nuhifera, as comparetl with 30.4 for A. cifri. In other respects

the statements made on the duration of the larval instars for A. citri

apply to A. nuhifera.

Table XX.

—

Duration of larval instars of cloudy-winged white fly.
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Table XXI.—Duration of pupal stage of cloudy-winged ivhitefly.

Speci-
men
No.
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be presented illustratino: the disastrous effect on the species resulting

from overcrowding, the data itself would differ in no respect from
that already presented under the general consideration of ^4. citri.

Nevertheless, there is a great difference in the extent and practical

bearing of this mortality among the immature forms of the two
species.

The Adult.

The adult of the cloudj'-^^-inged white fly is similar to that of the

citrus white fly, but is at once separated from it by the dark spot

or shading on the outer portion of the upper \nngs (PI. X, fig. 1).

Except for the further fact that the female is appreciably more robust

the adults of both species are structurally much alike. The antennje

of A. nuhifera are not as liighly corrugated as those of ^4. citri, but
possess a terminal spine over tlu-ee times as long as that of A. citri.

The eyes of A. nuhifera are more nearh" divided in many instances

than those of A. citri, although tliis is a character subject to variation

in both species.

On nearly all features of hfe liistorv and habits tliis species closely

resembles the citrus white fly, and these subjects are therefore dealt

with in a comparatively brief manner. The principal points wherein

the cloudy-\\inged white fly diflers from the citrus white fly may
be stated summarily as follows: It is more closely restricted to citrus

for its food supply as well as in oviposition; it shows a more strongly

developed tendency to feed and deposit eggs on new growth; its

arrangement of eggs and preferences for certain sections of leaves

for ovipositing are characteristic, and it is slightly loss ])rolilic. Its

apparent restriction to citrus as a food plant has been chscussed under
the subject of "Food plants." Its strong preference for new growth
results in a situation which can be taken advantage of in the con-

trol of the pest b}^ the pruning of water shoots.

The age at which oviposition begins and the activity in o^aposition

during different parts of the day are the same as for ^4. citri. The
females, however, when not abundant dei)osit more readily along the

outer margin of the under surface of the leaf and along the edge

and upper surface, and not so freely along the midrib as is the case

with A. citri. Not iiifrec[uently 90 per cent of the eggs will be

deposited on the outer portion of the leaf wliile many are laid on the

edge of the leaf itself, from which they often project perpendicularly.

The depositing of eggs on the loaf margin and on the up])or surface

is pecuUar to A. nuhifera and is not the result of overcrowding. A
count of 4,000 eggs on nine moderately infested leaves showed that

8.1 per cent of the eggs were laid on the edge of the leaf, 86.8 per cent

on the lower surface, and 5.1 per cent on the upper surface. AVhen
adults are very numerous both surfaces of the leaves of tender

growth and the petioles and shoot stems are tliickly covered with
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eggs. Wliile the citrus white fl}^ deposits her eggs without any
definite arrangement, tlie cloudy-^\'inged wliite fly, hke niaii}^ other

species of Ale}Todes, very frequently lays hers in arcs of various sizes,

and, as she is less restless while feeding, has a tendency to deposit

her eggs in groups. This arrangement, together with the difference

in color, makes easy the separation of the two species.

Reference to the data in Table XXII, especially when compared
with that in Table XII, shows that the daily rate of oviposition for

the cloudy-mnged wliite fly is shghtly less than for the citrus wliite

fly. As much of the data in Table XXII was obtained before typical

summer weather had set in, it is of more value as demonstrating the

relative rate of oviposition between the two species.

Table XXII.

—

Daily rate of oviposition of A. nuhifera and A. citri compared.

Rec-
ord
No.
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over 99 per cent of the cloudy-winged \v'liite fly were killed, the

females of the spring brood were so ver}" few in number and so scat-

tered that they deposited a ver}-^ large percentage of infertile eggs,

resulting in a second brood in September, 62.8 per cent of wliicli were
males. In other words, after the natural equihbrium between sexes

had been disturbed hj fumigation, there followed as the result of

parthenogenesis a decided fluctuation between a predominance of

females in one and of males in the following generations. Gradually

this fluctuation diminishes until normal conditions obtain.

Wliile less attention has been given the problems connected %vith

the emergence of this species, observations have shown that the

process and time required for emergence and the changes in color

occurring thereafter are ,tlie same as for the citrus wliite fly, with the

exception of the cloud at the tip of the wing already mentioned.

Statements made concerning the conditions favorable and unfavor-

able for the emergence of the citrus white fly hold for tliis species.

An examination of the extensive daily emergence records on file and
summarized in Table XXIII show that even during October and
early November emergence did not occur below an average daily

mean temperature of 62° F. The emergence occurring later in the

faU, and consequently during cooler weather, does not appear to be

due to more resistance to cold, but to a thfference in seasonal history.

Length of Life Cycle.

From a study of the length of the egg, larval, and pupal stages

already given one can obtain an accurate knowledge of the length

of the hfe cycle. A general summary of the data already presented

in connection with these various stages is presented in Table XXIII.

Table XXIII.

—

Length of life cycle of cloudy-winged white fly at Orlando, Fla.
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number of days requii*ed for development, shown especially b}- com-

parisons of lots 1, 3, 6, and 7 of Table XXIII and lots 4, 5, 14, and

15 of Table XV, is not the result of chance circumstances, but actually

the result of slower general development under identical conditions.

This fact is perhaps more forciblv brought out by the data in Table

XXIV:

Table XXIV.

—

Rate of development of A. eitri and A. nubifera compared.

Date.
Instar Instar

1. 2.

July 6

July 8

July 12

July 16
July 21

July 25
July 29
Octobers...
October 11..
October 15.

.

October 23...
October 31 .

.

November 11

December 3

.

December 7.

December 17,

December 26,

11.7
2.1
.7

98.4
8.0
.6

.6

P.ct.
88.3
82.7
10.5
4.8
2.9

1.6
92.0
59.4
4.3
2.4
.9

Instar
3.

P.ct.

15.2
89.8
86.1
20.6
6.1

40.0
90.7
17.2
1.9
1.9

Instar
4.

P.ct.

9.0
76.7
93.9
100.0

4.4
80.3
97.1
98.1
100.0
100.0

Nubifera.

Instar
1.

P. ct.

77.9
6.9
1.4

99.6
35.8
2.9
2.8
1.8

Instar
2.

P. ct.

22.1
92.1
30.8
8.1
5.9
.8

.4

64.2
96.0
48.8
20.9
3.3

Instar
3.

P.ct.

1.0
67.8
91.1
62.2
22. 5

14.9

1.1
48.3
75.4
90.0
28.2
12.7
4.2

Instar
4.

P.ct.

0.8
31.9
76.7
85.1

1.8
6.6
71.8
87.3
95.8
100.0

In this table is showTi the corresponding progress of growth of

both species on various dates after egg deposition. The data con-

cerning development during July refer to larvae hatching from eggs

laid on June 16, 1909, and that during October, November, and
December to larvae hatching from eggs deposited on September 18,

1909. For these records, leaves on the same shoot were chosen for

deposition of the eggs of each species; hence both species were subject

to identical climatic and nutritive conditions.

A study of the data in Tables X and XXI will also prove that the

same statements made for A. citri concerning the equalizing effect

of winter on the length of the pupal stage for wintermg-over pupae

are equally true for A. nubifera. The data show at a glance that

eggs deposited in late October are capable of producing adults the

following spring as early or even earlier than eggs deposited a month
or, as sometimes occurs, five months earlier.

SEASONAL HISTOKY.

Generations of the Cloudy-winged White Fly.

Aside from the fact that the adults of this species have never been
seen by the authors on wing during January and early February, as

have those of A. citri, there being therefore no winter generation
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correspondino; to that of A. citri, the statements made reo;ardino; the

number of annual cj;enerations of A. citri is true of A. nuhifera when
the additional statement is made that the height of the various

emergence periods occurs usually about two or four weeks later than

the corresponding periods for A. citri. The emergence of adults

brings about the same complications in broods and generations

described for A. citri, resulting from variation in length of life cycle,

and the double-brooded character of each generation is also to be

found in the life history of A. nuhifera. Of eggs laid August 23,

1907, 1.5 per cent produced adults between October 1 and 15 and 63.2

per cent between October 16 and 31 ; of the remaining pupae wintering

over, 34.6 per cent emerged between March 16 and 30 and 0.7 per cent

between April 1 and 15. From eggs laid September 4, 1907, 24 per cent

of the adults emerged between October 16 and 31, 2.8 per cent between

November 1 and 15, 71.8 per cent between March 16 and 30, and 1.4 per

cent between April 1 and 15. From eggs laid September 18, 1908, 81.6

per cent of the adults emerged between March 16 and 30, 4.1 per cent

between April 1 and 15, 10.2 per cent between April 16 and 30, and

4.1 per cent between May 1 and 15. From eggs deposited March 29,

1909, 44.5 per cent emerged between June 1 and 15, no further records

being kept.

It might be inferred from the slower development of A. nuhifera

that it would pass through a less number of annual generations than

A. citri. This, however, is not true, inasmuch as its slower develop-

ment is offset by its seasonal history—it remaining active later in'

fall and early winter.

Seasonal Fluctuations in the Number of Adults or So-called "Broods."

Because the generations of the cloudv-xnnged wliite fly are of the

same general double-brooded character as those of the citrus white

fly, and are subject to the same unexplainable variation in the

length of the life cycle, the seasonal history of A. nuhifera is not

unlike that of A. citri in nearly all essential features. In fact, the

same three periods of general emergence of adults occur as with A.

citri, but Anth the (Hffcrence that the adults of each so-called "brood"
reach their numerical maximum usually from two to four weeks

later than the corresponding broods of A. citri. In figure 19 are

given curves representing the al)undance of adults of A. citri and A.

nuhifera at Orlando during 1909, As a result of tliis striking differ-

ence in the seasonal history of these two species, previous observa-

tions on this subject are considerably confused and should be disre-

garded unless one is ])()sitive of the species under consideration at the

time. As with A. citri, no one definite statement can be made to

cover the exact time when the emergence of various broods will begin.

Emergence is strongly influenced by local weather conditions. While

the curve in figure 19 represents the condition in one Orlando grove



THE CLOUDY-WINGED WHITE FLY : SEASONAL HISTORY. 103

in 1909, it is not meant to represent the abundance of atlults in any

other gi:rove in that city, much less in groves in various parts of the

State. The same variation in neio;hborino; groves in the same county

and in a lesser degree in different trees in the same grove occurs with

A. nuhifera, and tliis statement apparently holds for infested groves

in any j)art of the State. For example, groves at Dunedin and

Sutherland, in 1909, showed a difference of at least 10 days in the

beginning of the active spring emergence of adults.

The most striking difference in the seasonal history between A.

citri and A. nuhifera which perhaps attracts most general attention

and leads to more confusion between the two species in the minds of

many is the much later appearance of adults of A. nuhifera in the fall

of the year. The last large "hatching" of A. citri is on a rapid dechne

at Orlando by the middle of September at the latest, while that of A.

nuhifera at that time is only approaching its maximum and lasts well

toward the 1st of November, when its decline is rapid, although

adults can be found during moderately warm falls as late as the mid-

dle of December. Thus at Orlando in October 18, 1907, when adult

r£BRu/^/!r
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PREFACE.

The acreage devoted to sugar-cane culture in the southern United

States has increased rapidly in recent years. Some of the cotton

lands, abandoned because of the depredations of the cotton boll

weevil, are being planted to cane. New lands are being planted to

the crop in the Rio Grande valley and in the reclaimed areas in the

lower Mississippi valley. It is stated that quite an area of land

in process of reclamation in the State of Florida will be planted to

sugar cane. It is desirable that the experience obtained through
investigations of insects injurious to sugar cane in the Hawaiian
Islands be placed at the disposal of the planters in our Southern
States in order that the sugar industry in those States may receive

practical benefit therefrom.

The Hawaiian planters are well provided with expert advice and
have at hand numerous reports dealing mth the subject, which latter,

unfortunately", are not available for general distribution. This report

is written primarily, therefore, for the information of our mainland
planters.

Acknowledgment should be made of the courtesies extended* to

the writer by the members of the entomological staff of the Hawaiian
Sugar Planters' Association Experiment Station during his return

visit to the Hawaiian Islands in March and April, 1909.

D. L. Van Dine.





CONTENTS

Page.

Location and climate of the Hawaiian Islands 9

The sugar industry in Hawaii 9

Sugar-cane insects 11

The sugar-cane leafhopper {Perkinsiella saccharicida Kirk.) 12

Distribution 12

Appearance of the leafhopper in Hawaiian cane fields 12

Description of the leafhopper 13

Dispersion of the leafhopper 14

Life history and habits 15

Symptoms of leafhopper injury ' 17

Character of injury to the cane 18

Extent of injury 19

Factors responsible for the outbreak of 1903 20

The leafhopper and beekeeping 20

Control of the leafhopper 22

Direct measures 22

. Insecticides 22

Collection by nets 22

Cutting and burning in the infested centers 22

Stripping the leaves 23

Burning of trash after harvesting 23

Indirect measures 23

Selection of varieties of cane for planting 23

Cultural methods on the plantation 25

Diversification of crops 26

Control of the rind disease of sugar cane 26

Natural enemies 28

Species already present in the Hawaiian Islands 28

Special introductions 29

Related species 34

The Hawaiian sugar-cane borer {[Sphcnophorus] Rhabdocnemis obscurus

Boisd.) 35

General characteristics 35

Distribution 36

Occurrence in Hawaii 36

Life history and habits 37

Control measures 38

Selection of varieties for planting 39

Irrigation 39

Burning of trash 39

Selection of noninfested seed cane 39

Picking and baiting 39

Related species 40

The Hawaiian sugar-cane leaf-roller {Omiodes accepta Butl.) 41

Early history in the Hawaiian Islands 41

Control measures 41

Parasites 41

7



8 THE SUGAR-CANE INSECTS OF HAWAII.

Sugar-cane insects—Continued. rage.

The sugar-cane mealy-bug (Psendococcus calceolarise Mask.) 43

Identity 43

Related species 43

Food plants 43

Life history and habits 44

Control 44

Selection of seed cane 44

Burning of the trash 44

Natural enemies 45

Miscellaneous insects affecting sugar cane in 1 lawaii 45

Rats injuring growing sugar cane in Hawaii 47

I ndex .- 49

L L U S T R A T IONS

PLATES.

Page.

Plate I. Map of the Hawaiian Islands Frontispiece.

II. The sugar-cane leafhopper {Perkinsiella saccharicida). Fig. 1.—Egg
chambers in midrib of cane leaf, slightly enlarged. Fig. 2.—Eggs,

greatly enlarged. Fig. 3.—First-stage nymph. Fig. 4.—Second-

stage nymph. Fig. 5.—Third-stage nymph. Fig. 6.—Fourth-

stage nymph. Fig. 7.—Adult male 16

III. The Hawaiian sugar-cane leaf-roller {Omiodes accepta). Fig. 1.

—

Adult moth. Figs. 2, 3, 4, 5.—Larvas and details. Fig. 6.—Pupa
and details. Fig. 7.—Apex of cremaster, showing the curled

spines by which the pupa is fastened to the cocoon. Fig. 8.

—

Cluster of 4 eggs in groove on surface of leaf. Fig. 9.—Eggs more

highly enlarged. Fig. 10.—Leaf spun together for "retreat" or

hiding place of caterpillar; shows where caterpillar has eaten.

Fig. 11.—Leaf, showing spots where a very young -caterpillar has

eaten, leaving one epidermis intact, instead of eating holes

through the leaf 42

IV. The sugar-cane mealy bug {Pseudococcus calceolarise). Fig. 1.

—

Adult mealy-bugs clustered about the base of young cane. Fig.

2.—Adult female, twice natural size. Fig. 3.—A single adult

female, with white mealy-like covering. Fig. 4.—Cocoons of male

mealy-bug 44

TEXT FTOURES.

Fig. J. The sugar-cane leafhopper (Perkinsiella saccharicida): Adult female,

much enlarged; ovipositor, greatly enlarged 17

2. An apiary near a sugar-cane field 21

3. Yellow Caledonia sugar cane, a variety which is replacing Lahaina and

Rose Bamboo in the Hawaiian Islands 24

4. The Hawaiian sugar-cane borer {[Sphc7iophori(s] lUiabdocnemisohscurus):

Eggs, larvic, pupa, cocoon, adult 35

5. The Hawaiian sugar-cane borer: Work in sugar cane 38



THE SUGAR-CANE INSECTS OF HAWAII.

LOCATION AND CLIMATE OF THE HAWAIIAN ISLANDS.

The mid-Pacific Territory of Hawaii (see Plate I) is situated 2,100

miles to the southwest from San Francisco, the CaUfornia coast

being the nearest continental area. The islands are separated by
channels varying from 20 to 58 miles in width. The 8 inhabit-

able islands, Hawaii, Maui, Oahu, Kauai, Molokai, Lanai, Kahoolawe,
and Niihau, lie between 18° 54' and 22° 15' north latitude; that is,

the northern Hmit of the islands is just within the Tropics. The
climate of the entire group is, however, only subtropical, due largely

to the prevaihng northeasterly trade winds, the cool ocean currents

from the north, and the relatively low humidity. The temperature

varies according to the altitude and the location of the land as

regards the higher mountains. The formation of the islands is of

recent volcanic nature, with the exception of the low-lying coastal

plains, wliich are of coral origin.

The annual maximum temperature ranges from 88° to 90° F.,

wliile the annual minimum temperature recorded ranges from 52° to

58° F. A temperature of 29° F. has been recorded at an altitude of

6,685 feet, and freezing temperatures are of frecfuent occurrence at

these liigh altitudes. The rainfall varies in amount with the locality.

Places within a few miles of each other are known to differ more than

100 inches in average annual rainfall. The sides of the islands

exposed to the northeast trade winds have abundant rains, wliile the

opposite sides have little and some localities hardly any.

The soils of the islands are exceedingly fertile and when properly

cultivated yield abundant crops.

THE SUGAR INDUSTRY IN HAWAII.

The production of sugar is the leading industry in the Hawaiian
Islands. Sugar cane is grown on four of the islands. The island of

Hawaii has the largest acreage devoted to cane, Oahu, Maui, and
Kauai coming next in importance in the order named. There are

more than 200,000 acres planted to cane in the islands. In. 1908

521,000 tons of raw sugar were produced, having a value of more
than $40,000,000. The average yield of sugar per acre is 4:^ tons,

83327°—Bull. 93—11 2 9
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The plant crop is taken oft" 20 to 22 months from the time of ])hint-

ing, and the first ratoon or stubble is harvested 18 to 20 months

later. The second ratoon usually goes 18 months again before

it is ground. Sometimes a "short ratoon" crop is made, in which

case the cane runs about 14 months. The time given for growth

depends on the maturity of the cane, wliich in turn is governed by

the location and altitude of the land. To some extent also the time

of harvest is governed by the labor supply, factory conveniences for

taking off and grinding the crop, and the need of land for planting.

The sugar industry in Hawaii was placed on a basis to insure its

becoming the leading industry by the reciprocity treaty of 1876

between the United States and the Hawaiian Government, the latter

at that time being an independent monarchy. The effect of this

treaty in removing the duty on raw sugar exported to the United

States was to increase American influence in the islands and to

strengthen the commercial relations between the two countries. A
second great factor hi the development of the sugar industry was the

annexation of the islands as a Territory of the United States by an

act of Congress passed July 7, 1898, by mutual agreement between

the two countries, Hawaii at that time lla^dng overthrown the mon-
archy and become a repubhc. Annexation insured a free and pro-

tected market to the sugar output of the islands and gave confidence

for the investment of capital. Tliis is of prime importance, as the

production of sugar in the islands is on a corporation basis and any

disturbance in the market is felt at once by every plantation in the

Territory.

Fundamental factors that have attended the development of the

sugar industry" are the equable chmate of the islands, the natural

productiveness of the soil, the resources of water for irrigation pur-

])oses, and the immunity from the more serious depredations by

insects and diseases that retard the development of agricultural

resources in less fortunate parts of the world. Further, there is to

be found in Hawaii a class of progressive business men who have

developed immense irrigation schemes, made use of the most modern
agricultural anil factory macliinery, inaugurated advanced methods

of cultivation, fertilization, and irrigation, and united their interests

in a cooperative association.

This organization, the Hawaiian Sugar Planters' Association, has,

since April, 1895, maintained a private experiment station, where

important researches have been made and valuable results obtained.

The work lias apphed to varieties and seedlings, ^propagation, culti-

vation, irrigation, the use of fertihzers, and the manufacture of

sugar. These investigations, together with the perfection of factory

methods and field macliinery, have brought the sugar industry of

the islands to the high standard it holds among the sugar-producing

countries of the world.



THE SUGAR-CANE LEAFHOPPER. 11

SUGAR-CANE INSECTS.

The advent of a.serious pest into the Hawaiian sugar-cane fields,

tlie sugar-cane leafhopper {Perkinsiella sacchancida Kirk.), between

1900 and 1902 and the widespread injury of this insect throughout

tlie sugar-cane districts in 1903 led to the estabhshment of an ento-

mological division in the Sugar Planters' Experiment Station in

September, 1904. In tliis division detailed studies have been made
of the species of insects occurring in the Hawaiian cane fields, the

investigations relating i)articularly to the leafhopper and its natural

enemies.

Koebele " has earlier discussed the sugar-cane insects. Up to the

time of the leafhopper invasion the sugar-cane borer {[Sphenophorus]

Rhahdocnemis ohscurus Boisd.) was the most injurious species. The

sugar-cane aphis {Aphis sacchari Zehntner), the sugar-cane mealy-bug

(Pseudococcus calceolarise Maskell), the leaf-roller (Omiodes accepta

Butler), cutworms, and certain other pests occurred locally, but up

to this time no detailed study of their injury had been made.

An insect enemy of sugar cane has exceptional advantages for

development in the Hawaiian Islands. Approximately only one-

half the total area is harvested at any one time. Thus the great

extent of the plant gives an abundant supply of food, while the system

of cropping provides a continuous supply. These conditions,

together with the even climate, favor the uninterrupted breeding

of any enemy of the plant. A further factor in the undue increase

of the cane-feeding insects is the impetus to development arismg

from the absence of the special parasitic and predaceous enemies

of the plant-feeding species. The absence of natural enemies is

understood when it is known that the islands are isolated from all

continental areas and that the economic plants are introduced forms

for which the native flora has made way, carrying with it the endemic

species of insects, while the insect enemies of a cultivated plant are

of foreign origin, mtroduced into the islands with their host plant

but without their natural enemies. These very facts, together with

the almost total absence of secondary parasites as a groftp and the

opportunity of eliminating them when introductions are made,

furnish ideal conditions for the mtroduction and establishment of

special parasitic insects. The greatest factor in the successful

establishment of a special parasite is the absence of the secondary

parasites of which it is the host. One can understand why emphasis

has been placed on the use of natural enemies in the control of

injurious species m Hawaii and why also greater success has been

a Hawaiian Planters' Monthly, vol. 15, no. 12, pp. 590-598, December, 1896; vol.

17, nos. 5 and 6, pp. 208-219 and 258-269, May and June, 1898; vol. 18, no. 12, pp.

570-578, December, 1899; vol. 19, no. 11, pp. 519-524, November, 1900.
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attained in Hawaii than in continental regions where investigations

of this character are under way. From the above remarks it is

apparent that the entomologists of the Hawaiian Sugar Planters'

Experiment Station are justified in placing emphasis on this phase

of insect control. Indeed, their work has been almost entirely

along this line.

THE SUGAR-CANE LEAFHOPPER.

(Perkinsiella saccharicida Kirk.)

DISTRIBUTION.

The Hawaiian sugar-cane leafhopper (Perkinsiella saccharicida

Kirkaldy) was introduced into the islands some time prior to 1900

from Queensland, Australia. The species occurs throughout the

sugar-cane areas both in Australia and in Hawaii and has been

recorded from Java.'^

APPEARANCE OF THE LEAFHOPPER IN HAWAIIAN CANE FIELDS.

The first appearance of the leafhopper in Hawaii is recorded

by Mr. Albert Koebele in January, 1902,^ Koebele notes the species

under the heading "Leafhopper (Fulgorida^)," the species at that

time not having been described. Regarding its appearance Mr.

Koebele says:

According to Mr. Clark a small homopterous insect appeared upon the sugar cane

at the experimental station some twelve months since, affecting the Demerara, and

Rose Bamboo plants. Its presence is easily seen by the black and dirty appearance

of the leaves and more or less red midribs.

The insect lives in company with its larva in large numbers behind leaf sheaths,

which it punctures to imbibe the sap of the plant. WTien mature it is exceedingly

active in its habits, springing with suddenness from its resting place at the least dis-

turbance. The eggs are oviposited into the midrib over a large extent, most numerous

near the base, in groups of about from four to seven, and large quantities are often

present in a single leaf. The surroundings of the sting become red and in advanced

stages the whole of the midrib becomes more or less of this color and brownish red.

That the species caused little alarm at this time is indicated by
Mr. Koebele's further statement in this same article. He says:

Should this insect become numerous on any plantation, they could be kept in

check by careful and repeated stripping and burning, immediately after, of the leaves

containing the eggs. I do not anticipate any serious results from the above insect,

which may have been present upon the island for many years.

In IMay, 1902, Dr. R. C. L. Perkins under the title ''Leafhoppers

(Fulgoridae)," in a report to ]\Ir. C. F. Eckart, director of the Hawaiian

o Kirkaldy, G. W.—A note on certain widely distributed leafhoppers. <Science,

vol. 26, no. 659, p. 216, 1907.

b Koebele, A.—Report of the committee on diseases of cane. <IIawaiian Planters'

Monthly, vol. 21, no. 1, pp. 20-26, January, 1902.
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Sugar Planters' Experiment Station, mentions the doubtful origin

and identity of the species.** Doctor Perkins again records the insect

under the heading ''The leaf-hopper of the cane" in December of

the same year and says: 'This small insect is highly injurious to

cane and its destructiveness threatens to exceed that of the cane

borer beetle."^

In response to repeated requests made to the department the

writer was detailed early in May, 1903, to make a report on the

pest. On May 11, 1903, specmiens were forwarded by the writer

to Dr. L, O. Howard, Chief of the Bureau of Entomology, Wash-

ington, D. C. Under date of June 1, 1903, Doctor Howard replied

that the species was new to science and that there was in press a

description of the insect under the name Perkinsiella saccharicida

by IVIr. G. W. Kirkaldy of the British Museum.

DESCRIPTION OF THE LEAFHOPPER.

The species was described by Mr. G. W. Kirkaldy in 1903 and rep-

resents a new genus which was named after Dr. R. C. L. Perkins.

The description of the genus and species is taken from Mr. Kirkaldy's

article in The Entomologist, London, for July, 1903, pages 179-180,

and is as follows:

Perkinsiella, gen. nov.

Closely allied to Arseopus Spinola, but distinguished by the first segment of the

antennae being distinctly shorter than the second; distinguished from Dicranotropis

Fieber, to which it bears some resemblance, by the form of the frons, and by the

flattened apically dilated first segment of the antennse . Type, P . saccharicida Kirkaldy.

Second segment of antennal pedimcle about one-half longer than the first; fiagel-

lum about one-third longer than the entire peduncle, first peduncular segment much
wider at apex than basally, flattened and explanate; second segment nearly as wide

at base as the apex of the first segment [in Arseopus it is much narrower, while the first

segment is more parallel-sided]. Exterior longitudinal nervure of corium forked near

the base, and its exterior branch forked near its middle; interior longitudinal nervure

forked near the apex . Membrane with six nervures, the fourth (commencing inwardly)

forked; the first area has an incomplete nervure reaching only to the middle. Other

characters as in Arxopus.

P. saccharicida, sp. nov.

Long-unnged form $ 9 •—Tegmina elongate, narrow, extending far beyond apex of

abdomen, interior half of clavus and corium more or less faintly smoky, a long dark

smoky stripe on middle of membrane, three or four of nervm-es of the latter smoky at

apex.

Short-winged form, 9 •—Tegmina reaching only to base of fifth segment, costa more

arched, apex more rounded, neuration similar but shortened. Tegmina hyaline,

colourless; nervures pale testaceous brownish, with blackish brown non-piligerous

dots (in both forms)

.

o EcKART, C. F.—Precautions to be observed with regard to cane importations.

< Report to Hawaiian Sugar Planters' Association, May 9, 1902, p. 5.

& Perkins, R. C. L.—Notes on the insects injurious to cane in the Hawaiian Islands.

<nawaiian Planters' Monthly, vol. 21, no. 12, pp. 593-596, December, 1902.
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$ . Pallid yellowish testaceous. Abdomen above and beneath black, apical mar-

gins and laterally more or less widely pallid. Apical half of first segment and carinate

edges of second segment of antennae, flagellum, basal half of frons (except the pustules)

and a cloudy transverse band near the apical margin of the same, longitudinal stripes

on femora, coxje spotted or banded near the base, a large spot on each pleuron, anterior

and intermediate tibiie with two or three annulations, apical segment of tarsi, etc.,

blackish or bro\vnish. First genital segment large, deeply acute-angularly emarginate

above.

9 . Like the male, but abdomen above and beneath stramineous, irregularly speckled

with brownish. Ovipositor, etc., blackish. Sheath not extending apically so far as

the "scheidenpolster." Long. <? 9'*i mill.; to apex of elytra in long-winged form,

6i mill.

DISPERSION OF THE LEAFHOPPER.

The spread of the insect over the cane districts of the Hawaiian

Islands was apparently very rapid, although it had undoubtedly

occurred in the fields unnoticed b}^ the planters for several 3^ears. By
February, 1903, the species became generally abundant throughout

the cane fields of the entire Hawaiian Territory.

The main factor in the distribution of the pest is the habit of the

female of depositing her eggs beneath the epidermis of the internodes

of the cane stalk. It seems probable that the pest was introduced

into the islands and to a great extent distributed over the cane

districts in seed cane. In local distribution other factors present

themselves. The leafhopper is an insect readily attracted by light

at night, as its presence about lamps in the factories and homes on

the plantations testifies. Passengers and steamship ofhcers of the

interisland steamers have frequently stated to the writer on infjuiry

that in many instances, especially at night, great numbers of the

insects have come aboard in certain ports or when offshore from

certain plantation districts. These adults have undoubtedly traveled

in this manner from one locality to another so that an uninfested dis-

trict might easily have become infested by adults flying ashore from a

passing steamer previously infested while stopping at or passing by

an infested locality. Railway trains have been equally active in the

spread of the insect on land.

Another mode of distribution, during the general outbreak of 1903,

under conditions of heavy infestation, was the migration of the pest

from one locality to another during the daytime. These migrations

were observed by many of the planters. The manager of one planta-

tion in the llamakua district of the island of Hawaii stated to the

writer that in the early evening of April 26, 1903, the atmosphere was

"thick with hoppers" for a distance of 2 miles and that the "hop-

pers" were traveling with the prevailing wind, about southwest.

Similar migrations, described by the observers as "clouds," were

• mentioned by other managers.
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LIFE HISTORY AND HABITS.

The writer spent two months in tlie cane fiekls during the outbreak

and in the early part of July, 1903, presented a report to the Hawaiian
Sugar Planters' Association on the occurrence and injury of the

species. Later an account of these investigations was published,

from which a part of the information on the leafhopper presented

herewith is taken. '^

''Leafhopper" is a popular term applied to a certain group of

plant-feeding insects of the order Hemiptera. The family Fulgo-

ridse, to which the Hawaiian sugar-cane leafhopper belongs, is

included in this group. Common characteristics of these insects

are their peculiar habit of springing or jumping when disturbed;

their feeding upon plants by sucking from the tissue the plant juice

or sap tln-ough a beak or proboscis, a piercing organ by means of

which they puncture the epidermal layer of the plant; their incom-

plete development (that is, the young upon hatching from the eggs

resembles the adult, except that it is smaller in size, wingless, and
sexually immature and by a gradual process of development acquires

the characteristics of the adult) ; and the fact that their eggs are

deposited in the same plant upon which the young and adult appear

and feed.

The eggs of the sugar-cane leafhopper (Plate II, figs. 1, 2) are

deposited beneath the epidermis of the cane plant in situations

along the midrib of the leaves, in the internodes of the stalk, or, in

the case of young unstripped cane, in the leaf sheath of the lower

leaves. When deposited in the leaves, the eggs are inserted from
either side, but usually from the inside, the greater number being

in the larger portion of the midrib down toward the leaf sheath.

The place of incision is indicated at first by a whitish spot, this being a

waxy covering over the opening. The female accomplishes the process

of oviposition by puncturing the leaf or stem with her ovipositor,

which organ (fig. 1, b) is plainly visible on the lower side of the abdo-
men, attached to the body at the center behind the last pair of legs

and extending backward along the median line of the abdomen,
reaching nearly to the end. By the aid of this structure the female

pierces the epidermis of the cane stalk and through the one opening
forms a cavity or chamber to receive the eggs. The number of

eggs deposited in each cavity varies, the writer finding the average

to be between four and six. That a single female is responsible for

many of these clusters has been verified by the writer by observation.

As the growth of the cane continues and the new leaves unfold

toward the top of the plant, the infested leaves naturally occupy

a Van Dine, D. L.—A sugar-cane leaf-hopper in Hawaii, PerkinsieUa saccharicida.

<Hawaii Agr. Exp. Sta., Honolulu, Bui. 5, pp. 29, figs. 8, 1904.
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the lower position on the stalk. The leafhopper, during a heavy
infestation, will continue to puncture the midribs of the leaves as

rapidly as the leaves luifold. The older egg chambers of the lower
leaves are distinguished from the newly formed chambers of the

upper leaves })y a rechlish discoloration.

Under laboratory conditions the writer found that the eggs

deposited in cane growing in rearing cages hatched two weeks there-

after. The period of development of the young to the adult rec[uired

34 additional days, making the life cycle 48 days in length.

The length of the egg stage, under certain conditions, is much
longer than the time given above. Mr. C. F. Eckart, director of

the Hawaiian Sugar Planters' Experiment Station, records that hatch-

ing continued for 38 days from cane cuttings infested with eggs of

the leafhopper."

The fact that the eggs will hatch from cane cuttings during a

period of at least 38 days is a very important point to bear in mind
in the shipping of infested cane from one locality or country to

another. Since practically the only means by which the Hawaiian
leafhopper could be introduced into the cane fields of the Southern
States is by the shipment of seed cane from New South Wales,

Queensland, Java, or Plawaii to this country, the writer would
emphasize the necessity of having all introductions made through

officials engaged in sugar-cane investigations.

On issuing from the cavity, or chamber, the young, newly hatched
leafhoppers appear at first small, slim, wingless nymphs, almost

transparent. During the process of hatching or emerging from
the egg chamber the insects slowly work their way head first to the

surface of the leaf or stalk. The writer found, by timing the opera-

tion, that from 8 to 15 minutes were required, during which time

the nymphs rest occasionally to unfold and dry their legs. When
they become detached from their egg-cases and have emerged to

the surface, they are at once active and scatter over the plant to

feed, congregating at first down within the sheaths of the upper
leaves. In a few hours the body becomes shortened and the outer

covering, on exposure to the air, becomes darker in color. The habit

of the very j^oung in secluding themselves within the lower sheaths

of the leaves renders them quite inconspicuous unless especially

sought for. They may become very abundant and still remain unde-

tected by an ordinary observer until the result of their feeding

becomes apparent. (See nymphs, Plate II, figs. 3-6.)

Ordinarily when disturbed the adult leafhopper does not fly but

moves off in an odd, sidewise fashion to another part of the leaf, or

springs suddenly to another i)ortion of the plant. (See adults,

Plate II, fig. 7, and text fig. 1.)

« Eckart, C. F.—Report of the Hawaiian Sugar Planters' Association Experiment
Station for 190:}. Uonolulu, 1904, pp. 78-79.
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The Suqar-Cane Leafhopper (Perkinsiella saccharicida).

Fipr. 1.—Eprg chambers in midrib of cane leaf, slightly enlarged. Fig. 2.—Eggs, greatly enlarged.
Fig. 3.—Fir.st-stage nymph. Fig. 4.—Second-stage nympli. Kig. 5.—Third-stage nymph. Fig. 6.—
Fourth-stage nymph. Fig. 7.—Adult male. (After Kirkaldy.)
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SYMPTOMS OF LEAFHOPPER INJURY.

The presence of the pest on the plantations was noticed first by
the a])pearance of a sooty bhxck covering on tJie lower leaves of the

cane plant. This black covering became known as smut. It is a

fungous growth and finds a medium for development in the trans-

parent, sticky fluid secreted b}" the leafhoppers during their feeding

on the plant. This secretion is commonh" known as lione3'dew.

The black smut or fungous growth in the honeydew secretion of

the leafhopper and the red discoloration about tlie openings to the

egg chambers in the midribs of the leaves are the most pronounced

symptoms of the work of the

leafhopper on cane.

In the case of heavy infesta-

tion a further result is the

appearance of the plant as a

whole. The leaves on which the

insects have been feeding de-

velop a yellowisJi appearance,

and as the work of the insects

progresses they become dried

and resemble the fidly matured
lower leaves of the plant. This

premature death of the leaves

is due to the excessive amount
of juice extracted for food. As
long as the cane plant is able to

produce new leaves its hfe is

not actuall}" in danger, the in-

jury being a check to the growth

and indicated by the small,

shortened joints in the stalk.

Leaves thus prematurely rip-

ened do not drop away from
the stalk at the junction of the sheath, as is the case under normal
conditions, but break and hang down at the junction of the leaf to

the sheath, leaving the sheath still wrapped about the stalk. Leaves
in such a condition remain green for some time, attached to the
sheath by the midrib, and an attemj:)t to strip the cane results in

leaving the sheaths still adhering to the stalk and wrapped about it.

In the last stages of an attack, when the plant is actually overcome
by the pest, the young unfolded leaves at the top do not appear
to have the vitahty to unfold and the "bud " gradually dies out. At
this stage the normal growth of the plant ceases. Many plants in

83327°—Bull. 93—11 3

Fig. 1.—The sugar-cane leafhopper {Perkinsiella sax:-

charicida): a, Adult female, much enlarged; b,

ovipositor, greatly enlarged. (After Kirkaldy.)
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such a condition will then throw out sprouts from the eyes. This is

a serious circumstance, since the growth of the sprouts is supported

by the stalk, and unless the cane is soon cut and ground the stalk is

rendered worthless.

CHARACTER OF INJURY TO THE CANE.

The first injury to the cane plant by the leafhopper occurs through

the piercing of the epidermal layer by the ovipositor (fig. 1, 6) of the

female and the later rupturing of the tissue of the plant on the hatch-

ing of the young. This injury to the tissue in itself is not serious,

but the many openings in the leaves and stalks allow excessive

evaporation to occur. Through these wounds various diseases may
also gain entrance to the tissues of the plant, carried thereto by the

leafhoppers themselves in fl^dng from infested to noninfested plants,

or by other insects, particularly certain flies, which frecjuent the

cane plant.

The most serious injury to the plant is the drain upon its vitaHty

caused by the young leafhoppers in feeding. The structure of the

mouthparts of the leafhopper has been mentioned; that is, a piercing

organ, which is inserted through the outer covering of the tissue, by
means of which the insect sucks the juice or sap from within. The
amount extracted in this manner by any particular individual is small

and of little consequence, but the result of a myriad of individuals work-

ing constantly in this manner upon a plant is readily conceived to be

serious in its consequences. The leafhopper in feeding upon the

cane plant extracts therefrom an amount of juice greatly in excess

of its own needs for development. This excess is excreted from the

body of the insect upon the cane plant in the form of a sweet, sticky

substance, known as hone3^dew. It is in tliis substance that the

black smut develops.

The sooty covering or smut of the leaves referred to is a super-

ficial fungus which bears a close resemblance to the fungi of the genus

Sphseronema. The writer was informed by Dr. A. F. Woods, at that

time Pathologist of the United States Department of Agriculture,

that this fungus may be responsible for the dying back of canes

which followed heavy leafhopper infestation. It is beheved, how-
ever, that in the cane the smut afl"ects the plant only by preventing

the assimilation of the elements taken up by the plant from the soil

as food, in cutting off the rays of direct sunhght, and also in closing

the stomata of the leaves, preventing the entrance and escape of

carbon dioxid and oxygen, respectively. In damp localities another

fungus was taken in company with the smut, and was determined

by Dr. Woods as a species of the genus Hypochnus. The resulting

injury to the plant from the leafhopper attack is also compHcated by



THE SUGAR-CANE LEAFHOPPEE. 19

the presence of the pineapple disease of sugar cane (Thielaviopsis

ethaceticus) and the rind disease ( Melanconium sacchari). The hitter

species, it is beheved, gains entrance to the tissue of the plant through

the wounds made by the leafhopper.

EXTENT OF INJURY.

It was estimated that the leafhopper caused a loss of $3,000,000 to

the planters of Hawaii during 1903 and 1904. « In the writer's

opmion this loss can not be attributed entirely to the leafhopper

mjury. Other species of insects and cettain diseases were implicated.

The leafhopper was directly responsible for the larger percentage of

loss and indirectly responsible for the unusual development of cer-

tam diseases.

In speaking of the rind disease of sugar cane m Hawaii in 1907

Mr. L. Lewton-Brain says :

^

To bring before you the actual extent of the loss that the rind disease is now causing

in your cane fields, I take the following fact obtained by Doctor Cobb from actual

counts in the field. In one case the cane left on the ground represented about one
ton of sugar to the acre. That is to say, that if the cane left on the field had been
sound cane that portion of it left on an acre would produce about a ton of sugar. The
area counted over, in this particular case, was representative of 200 acres.

A few years ago, when the leaf-hopper was at the height of its glory in reducing

the vigour and vitality of your canes, these figures would have been much higher.

I have been assured that, at that time, there were acres and acres of cane to be seen

on which the majority of the sticks had been ruined by rind disease.

Apart from the direct and indirect injury of the leafhopper {Perk-

insiella saccharicida Kark.), the sugar-cane borer (Sphenopliorus

ohscurus Boisd.), the sugar-cane leaf-roller (Omiodes accepta Butler),

and other minor pests contributed to the loss sustained.

The explanation of the undue increase on the part of the leaf-

hopper is made clear when it is known that up to the time of the

leafhopper invasion the sugar plantations had been particularl}^ free

from serious attacks of insect and disease pests. The planters were,

therefore, unacquainted wdth the insect life to be found in their cane
fields. They did not know the source or nature of the leafhopper

attack and had at hand no general knowledge of insect warfare.

The injury of the leafhopper, combined with that of the other species

mentioned, and the complications arising through the development
of certain diseases gave the leafhopper a favorable opportunity to

develop great numbers in those localities where climatic influences

or soil conditions were unfavorable to the sugar cane or where a
deteriorated condition of the cane varieties prevailed.

<* Report Governor of Hawaii for fiscal year 1907, p. 22.

& Lewton-Brain, L.—Rind Disease of the Sugar-Cane. <Hawaiian Sugar Plant-
ers' Exp. Sta., Div. Path., Bui. 7, p. 15, 1907,
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FACTORS RESPONSIBLE FOR THE OUTBREAK OF 1903.

On those plantations where the outbreak of the leafhoppers became

epidemic the wiiter made careful observations to determine, if pos-

sible, the conditions of season, soil, varieties, or methods of cultiva-

tion which niiglit have contributed to the leafhopper development.

Some of these conditions noted will be mentioned.

(1) The season during which the attack was most serious was not

the growmg season, and in some localities the weather was most

unfavorable for the growth of the cane. In one instance, for example,

there were during one month 24 rainy days out of the 30; and since

the tem})erature on a rainy day is some ten degrees lower than on a

bright day, and because of the absence of sunshine to carry on the

work of assimilation, a less vigorous growth of cane resulted.

(2) The long duration of prevailing high winds.

(3) An impoverished condition of the soil. Certain fields in which

the leafhopper was ej^idemic had been planted continuously to cane

for over 20 years. The soil in certain parts of some fields, also,

where the leafhoj^per infestation was greatest was found to be in poor

condition because of lack of drainage.

(4) As the rainy season was followed by a long period of dry weather,

without the means of irrigation, the cane lacked sufficient moisture

to enable it to put forth a vigorous growth. This point was demon-

strated on an unirrigated plantation in the district of Kohala, Hawaii.

A portion of a field was seriously attacked by the leafhopper during

the month of Sei)tember, 1903, after several months of dry weather.

The manager of the plantation, Mr. E. E. Olding, was able to run

water into this portion of the field and irrigatetl the cane four times

at intervals of about a week, with the result that the cane, although

showing the attack in the smallness of the joints grown during that

time, recovered, and when the writer visited the field during the

month of November of the same year was, in appearance, not unlike

healthy portions of the same field.

(5) The presence of other ])ests, ])rin('ipally the cane borer {Splien-

ophorus ohscurus) and the leaf-roller {Omiodes accepta).

(6) The lack of thorough cultivation.

(7) The injury to cane on the makai (seawanl) fields by the salt

spray or tiie check to the cane by the cold on the mauka (mountain-

ward) fields.

(S) The deterioration of varieties.

(9) The com{)lications due to the presence of certain diseases.

THE LEAFHOPPER AND BEEKEEPING.

An interesting condition of affairs arising from the leafhopper

attack on sugar cane is the collection of the honeydew by honej^ bees.

The increase in the production of Hawaiian honey of recent years
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corresponds with the advent of the sugar-cane leafhopper into the

cane fiekis, and the recent extensive i)ro})ortions which the bee-

keeping business in the islands is assuming is in the vicmity of the

immense areas of land given to cane culture." (See fig. 2.)

The principal source of floral honey in the islands is the flowers of

the algeroba {Prosopis julifiora). The total production of this floral

honey does not exceed 600 tons. The output of honey for 1910 in

the islands exceeds 1,000 tons, and the remaining 400 tons consists

almost entirely of the product gathei-ed from the honeydew of the

sugar-cane leafhopper. Some 100 tons of this forms a typical

Fig. 2.—Aq apiary near a sugar-cane field. (From riiillips.

)

honej'dew honey, the remaining amount consisting of natural blends

of these two types.

Honeydew honey from the sugar-cane leafhopper is noncrystal-

lizable and usually of a very dark color. The aroma is ver}^ similar

to that of molasses and the taste insipid. The product is abnor-

mally high in ash, the amount ranging from 1 to 2 per cent, and it

has a decided right-handed polarization, while the floral or algeroba

honev is low in ash and has a left-handed rotation, which is

"Van Dine, D. L.—The Source and Characteristics of Hawaiian Honeys.
<Hawaii Agr. Exp. Sta., Bui. 17. Pt. I, pp. 1-12, 1908.

Phillips, E. F.—A brief survey of Hawaiian Bee Keeping. <U. S. Dept. Agr..

Bur. Ent., Bui. 75, Pt. V, Jan. 19, 1909.
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characteristic of all floral honeys. The larger amount of honey-

dew is obtained from the insects on the young plant cane,

for there the leafhoppers are more abundant. The amount of

honeydew gathered depends on the maturity of the cane and the

amount of rain which washes the secretion from the leaves.

CONTROL OF THE LEAFHOPPER.

Direct Measures.

Insecticides.—Those familiar with tlie culture of sugar cane will

readily understand the difficulty of getting in and through the

fields after the cane obtains an}" height. This difficulty renders the

use of insecticides as a remedy unpractical. In Hawaii such a

method becomes still more difficult because of the prevailing slope

of the cane lands and the manner in which the fields in many dis-

tricts are laid out for purposes of irrigation. The feeding habits

of the leafhopper are such that a contact poison or irritant would be

necessar}" for its destruction, and the activity of the leafhoppers

—

that is, the suddenness with which they disperse at the least dis-

turbance—still further prevents the successful application of a con-

tact insecticide. Then, too, the cane fields of Hawaii are subject

to prevailing winds, which greatly interfere with the use of any

substance in the form of a spray. In the face of the above diffi-

culties the writer attempted the destruction of the leafhopper by

direct measures and found that an application of kerosene emulsion

applied in the shape of a finely divided stream with considerable

force was capable of killing only a small percentage. A mixture of

lime and caustic soda was also applied, with negative results. Lime,

prepared by reducing fresh stone lime to a powder by the use of

solutions of copper sulphate and caustic soda, was applied as a dust

on cloudy days, or just after showers, and while in comparison to

spraying a much larger area was covered, and the dust came in

contact with a largo percentage of the leafhoppers, no appreciable

beneficial results were observed.

Collection hy nets.—Ordinary sweeping nets supplied with short

handles were placed in the hands of the laborers, and the leafhoppers

were collected by having the laborers go in a body through adjoining

rows and sweep the nets over the cane leaves. The insects collected

were dumped from the nets into buckets of water and kerosene at

the ends of the rows. While immense numbers were captured in

this wa}^ the number collected and the area covered were so small

in comparison to the abundance of the leafhoppers and to the extent

of the infested area that this measure was also discarded.

Cutting and burning in the infested centers.—The direct measures

of control advised by the writer were confined to the cutting down
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and burning over of those centers in the fields where the species had
become numerous. In this practice it was observed that many of

the adults were able to take flight from the burning cane and escape

to adjoining fields. However, many adults and all of the unhatched

eggs in the leaves and the immature wingless forms were destroyed.

The center of infestation was destroyed, and this gave the ratoon

crop over these areas a chance under more favorable conditions.

Stripping the leaves.—For agricultural reasons it was a common
practice in Hawaii to strip the lower mature leaves from the cane

stalk. It was believed at first that this operation would greatly

lessen the numbers of the leafhopper by the exposure of the un-

hatched forms in the leaves of the cane and by removing a place of

shelter for the active forms. Observations made during the summer
months indicated that stripping was beneficial from the standpoint

of the control of the leafhopper. Later observations made during

the winter months, however, when growth of the cane practically

ceases, showed a very serious condition of affairs, namely, that in

heavy infestation the internodes of the stalk of stripped cane con-

tained hundreds of punctures from egg laying, while the internodes

of unstripped cane were protected from such injury b}^ the leaf-

sheaths.

Burning of trash after harvesting.—The thorough burning of the

trash after the cane is harvested is the most effective method prac-

ticed for the control of the insects of sugar cane. In the case of

the leafhopper man}' of the adults no doubt take flight, but the

destruction to the eggs and immature forms in the trash is enormous.

The place where the greatest numbers of the leafhopper were noted

in 1903 was on a plantation where the practice of "burning off"

had been discontinued for several years, and the manager attributed

the unusual increase of the pest to the fact that the trash had not

been burned. Both for the leafhopper and the cane borer, burning off

has become general once more.

Indirect Measures,

preventive methods.

Selection of varieties of cane for planting.—There w^as noticeable

in general throughout the plantations a marked difference in the

power of the cUfferent varieties to resist the attack of the leafhopper.

While the same variety would vary in different iocahties as regards

growth and resistance, still the difference between any two varieties

remained constant. For example. Yellow Caledonia was invariably

the more resistant as compared to Rose Bamboo and Lahaina, and
while the former was more seriously attacked in some localities than

in others, wherever the oj)portunity offered itself for comparison with

the latter, the Yellow Caledonia made the best showing. It is for
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the {Janter to decide wliether or not the advantages of one variety

over another are ofl'set by the ravages of the leafhopper. If the loss

from the leafhopper is greater than tlie gain in the yield between any

two varieties in the absence of the leafhopper, then it is policv to

select the more resistant cane.

The Yellow Caledonia (fig. 3) is a hardy cane and the plant makes

a vigorous growth. These qualities, together with the showing which

the variety made during the leafhop})er epidemic, have made the

cane a popular variety in the Hawaiian Islands. Mr. (\ F. Eckart,

Fig. 3.—Yellow Caledonia siiRar cano. a \aiiLiy which is repluLiu^ I.aluuna and Rose Bamboo in the

Hawaiian Islands. I'hotograph taken during the leafhopper epidemic of 1903 (Original.)

Director of the Hawaiian Sugar Planters' Experiment Station,

reports as follows on this cane:*^

Probably no subject pertaining to the cultivation of cane in the Hawaiian Islands

during recent years has held more interest for the planters, in variotis localities, than

that relating to the introduction and trial of new varieties.

In the Hilo and Ilamakua districts, the Lahaina first made way for the Rose Bamboo,
and the latter, after a strong stand for many years, is noiv being rapidly succeeded by

the more vigorous Yellow Caledonia. This cane with its upright growth and deep

rooting propensities has proved a most valuable acquisition in wet and dry localities

alike. Growing erect, with a natural tendency to shed its dried leaves, it becomes
an admirable cane for rainy districts, where varieties that are prone to fall to the

ground and remain in contact with a frequently saturated soil have shown extreme

a Eckart, C. F.—Varieties of cane. <Report of the Experiment Station Com-
mittee, Hawaiian Sugar Planters' Association, for the year ending Septemlser 30, 1904,

Appendix IV, p. 31.
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sensitiveness. The frequent stripping, required for Lahaina and Rose Bamboo in

these wet places, has necessarily added to the cost of cultivation, and the ready maimer

in which Yellow Caledonia tends to strip itself is no small item in favor of economy.

Again the manner in which it keeps down weeds, which were such a menace to its

predecessors on the unirrigated plantations, is another strong point in its favor. In

dry districts subject to occasional drought, it has amply demonstrated its hardihood

over Rose Bamboo, which in turn is more resistant to such unfavorable climatic features

than Lahaina. By sending its roots down deep into the soil it draws from a larger

reserve supply of water than the older varieties, which are more shallow feeders and

which soon feel the effects of a rainless period.

Dr. R. C. L. Perkins reports as follows on the relative immunity

of different varieties of cane from leafhopper attack:^

It seems certain that some varieties of cane will stand the attack of leaf-hopper

better than others. Mr. Eckart, Director of the Hawaiian Sugar Planters' Experiment

Station, has furnished me with a list of new varieties of cane (see Appendix, Note II

below), grown there, arranged in order, according to the relative injury that each

sustained from leaf-hopper.

There may come, however, so severe an attack that no cane can resist it. Thus

we have seen plants of "Yellow Caledonia" (at the extreme end of the list) which

were of the strongest and most thrifty nature previous to the attack, some entirely

destroyed and others very badly injured after a bad outbreak. It is, however, prob-

able that from an attack of hopper which would entirely destroy a field of "Rose

Bamboo," for instance, a field of "Yellow Caledonia" might recover.

The following is the note to which Doctor Perkins refers above:

The following list of new varieties (i. e., varieties other than the old standard ones

of these islands) of cane at the Hawaiian Planters' Experiment Station has been drawn

up for me by Mr. C. F. Eckart, the Director. They are arranged in order, according

to the amount of damage sustained from leaf-hopper attack, Queensland 4 suffering

most and Yellow Caledonia least:

(1) Queensland 4

(2) Queensland 1

(3) Queensland 8A.

(4) Louisiana Purple

(5) Demerara 95

(6) Gee Gow
(7) Cavengerie

(8) Demerara 74

(9) Yellow Bamboo

(10) Tiboo Merd

(11) Louisiana Striped

(12) Striped Singapore

(13) Big Ribbon

(14) Queensland 7

(15) Demerara 117

(16) White Bamboo

(17) Yellow Caledonia.

Cultural methods on the 'plantation.—The writer has already men-
tioned the fact that the epidemic of 1903 began during the winter

months, in a wet season, and at a time when the cane was making
practically no growth. The centers from which the infestation spread

over the cane fields were invariably unfavorable locations for growth.

It has been noted in this report that all varieties suffered in these

unfavorable locations but that certain varieties made a better show-

ing. The extension of the acreage of one variety in particular,

" Perkins, R. C. L.—The leaf-hopper of the sugar-cane. <Bd. of Agr. and For-

estry, Hawaii, Div. Ent., Bui. 1, p. 13, 1903.

83327°—Bull. 93—11 4
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Yellow Caledonia, will be a leading factor in preventing another

epidemic. One other point was brought home to the Hawaiian

planters as a result of the leafhopper epidemic, and that was the

importance of intensive cultivation. The grass and weeds must be

kept down by cultivation, the low places drained, and the impover-

ished lands fertihzed. Those i)lantations which were in a high state

of cultivation suffered less from the leafhopper attack, and the estates

provided with the means of irrigation, in addition, suffered the mini-

mum loss. There is a direct relation between intensive cultivation,

fertihzation, and irrigation and the amount of insect injur\- to any
crop, showing that these operations are of great value in lessening

insect damage.

Diversification of crops.—Sugar cane has been the leading crop in

Hawaii since the days when the islands turned from the sandal-wood

trade and the whaling fleet as a source of revenue. Some of the lands

have been under cultivation to cane continuously for over twenty-five

years. The time is at hand when the sugar-cane planters will find

it both necessary and more profitable to diversif}" their crop. Some
lands at present require a change from sugar cane, and the lands which

are still highly ])roductive will also require such a change as the years

go by. When the general practice of inter-cropping cane with other

plants does come, it will have a direct bearing on the control of the

sugar-cane insects, the leafhopper included. The intermediate crop

may be one of value in itself or one to be plowed under for green

manure. Since it is not wise to cease the practice of burning off the

trash after harvesting the cane, the planters can find no cheaper source

of plant food, or no way in wliich the requisite texture and water-

holding capacity of the soil can be more easily obtained than by
removing their lands from cane cultivation in regular rotation and

])lanting some nitrogen-gathering plant to be turned under when the

land is put back into cane.

Control of the rind disease of sugar cane.—As has been mentioned,

leafhopper injury is aggravated by the presence of the rind disease.

In a discussion of the rind disease {Melanconium sacchari) Dr. N. A.

Cobb says :
°

According to my observations on thousands of cuttings dug up on some twenty-five

plantations a considerable part of the cuttings in some fields fail to grow on account

of this disease, which, being present in the cuttings when they are planted, develops

suflBciently to prevent germination. This is a difficult thing wholly to avoid by
means of inspection of the seed, as the disease is sometimes present in cane that looks

sound. It may be suspected to be present in any cane that has been attacked on the

stalks by leaf-hopper or by borers. Other wounds that give admission to the rind

disease fungus are those made by injudicious stripping, cracks at the bottom of the

cane due to the effects of storms, and what are sometimes called "growth cracks."

a Cobb, N. A.—Fungus maladies of the sugar cane. <Hawaiian Sugar Planters'

Exp. Sta., Div. Path., Bui. 5, p. 107, 1906.
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Cane raised specially for seed and not stripped until wanted for planting is more

likely to be free from insect punctures, and will therefore be less likely to develop

rind disease after planting.

Mr. L. Lewton-Brain in a report on the rind disease thus describes

the relation between the leafhopper and the disease :

"

Under field conditions, of course, the spores gain access to the interior of the plant

through natural wounds. Perhaps the most abundant wounds offered for this pur-

pose are leafhopper punctures; even more favorable for the fungus are the tunnels of

borers, leading as they do right into the heart of the sugar-containing tissue; other

wounds may be made in stripping; in fact, it is a difficult matter to find a stalk of

cane without a wound of some sort. The spores are produced in immense numbers

on every stick of rotten cane. They are doubtless distributed partly by the wind,

though the mucilaginous substance by which they are joined does not favor this;

insects are certainly also important distributers of the spores, leafhoppers will get

infected and deposit the spores in their punctures, ants will carry them into borer

and other wounds in their search for food, flies may also serve the fungus in the same

way.

The control of the rind disease of cane on the plantation will be

another factor in reducing leafhopper injury. Since the leafhopper

can not be exterminated and the punctures from this insect will

always occur on a plantation to a greater or less degree, it becomes

particularly essential for the planter to eradicate the disease.

On the control of the rind disease, Doctor Cobb has the following

on pages 109 and 110 of his report referred to above:

The number of spores of this disease that exist on every plantation is past calcula-

tion, and almost inconceivable. This abundance of the spores of the disease tenda

of course to increase the losses. If there were no spores there could be no rind dis-

ease. Anything that can be done to reduce the number of spores will tend to reduce

the amount of the disease. Something can certainly be done in this direction. Stalks

dead of the disease can be destroyed, and there can be no doubt that in some cases

expenditure in this direction will be well repaid. There can be no doubt that the

collecting and complete destruction of the stalks on the field would be a paying

operation. How to destroy them is the question. The ordinary burning off destroys

only a part of these rind disease stalks, leaving the rest untouched or only partially

roasted, to go on producing their millions upon millions of spores.

It is the custom on all the Hawaiian plantations to leave on the ground after harvest

the sticks of cane that have been attacked by borers or are worthless for other reasons.

The reason for this is easy to understand. Such material is unsuitable to the highest

efficiency of the mill as an extractor of cane juice. It is also of such a nature that

it may interfere with the clarification, evaporation, or crystallization.

Notwithstanding this I think it would be advisable to consider whether this material,

which is really a menace to the health of future crops, cannot in some way be run

through the mill and burned. This is a practice adopted in some other parts of the

world. On Saturday afternoons a special run of the mill is devoted to the milling of

such refuse as I have mentioned, the "bagasse" being burned. The juice is allowed

to run to waste, being first sterilized by heat.

In Hawaii it is usual to attempt to bum this diseased material, but from careful

observation I am certain that this attempt often ends in failure, that is to say the

disease that exists in the waste-cane is only partially destroyed.

• « Lewton-Brain, L.—Rind disease of the sugar cane. ><Hawaiian Sugar Planters'

Exp. Sta., Div. Path., Bui. 7, p. 21, 1907.
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It may be that it would be better, at least from the disease point of view, if the

harvesting of the fields Avere more in the nature of a clean sweep. If the diseased

sticks are not too numerous they would not seriously interfere with the working of

the mill. The advantage would be that whatever diseased material was thus dealt

with would be dealt with in the very best manner, that is, it would be utterly de-

stroyed.

NATURAL ENEMIES.

Species Already Present ix the Islands.

Many beneficial species of insects, already present in the islands

at the time of the leafhopper invasion, adapted themselves to the

leafhopper as a source of food. The follo\\dng species were noted

(luring 1903:

A ladybird beetle, Coccinella repanda Thunb., one of Mr. Koebele's

Australian introductions, was particularly abundant in the cane

fields and the larva did good work against the young leafhoppers.

An enemy of this species, the hymenopterous parasite Centistes

americana Riley, has found its way to the islands and will no doubt
reduce the effectiveness of the ladybird. The writer observed also

the ladybird Platyomus lividigaster Muls. in the cane fields. A
predaceous bug, CEchalia griseus Burm., was found in large numbers
m the infested cane fields on the Island of Hawaii. The larvse of

two lacewing flies, Chrysopa microphya !McLachl., and Anomalochrysa

sp., were observed feeding on the young leafhoppers, the first species

being particularly abundant in some localities.

Several species of spiders were abundant m the cane fields and
were active enemies of the leafhopper. The writer collected two
species, Tetragnatha mandibulata Walck. and Adrastidia nehulosa

Simon. On the writer's advice large numbers of the egg-nests of

spiders were collected in the localities where they were abundant
and placed in sections where they had not as yet become established

in the cane fields.

In the forest above the Kohala district, on the island of Hawaii,

the writer found a fungous disease infecting to a great extent the

common leafhopper Siphanta acuta Walk., a species belonging to the

same family as the cane leafhopper. Quantities of this fungus

were distributed in the cane fields in the hope that it would infest

the cane leafhopper. No striking results were obtained, though
diseased cane leafhoppers were found in some of the rainy districts.

Several species of ants were very active about tlie leafhoppers in

the cane fiekls, the honeydew being an attraction to them.

Doctor Perkins mentions further in his early report a predaceous

bug, Zelus peregrinus Kirk., and describes as new a hymenopterous
parasite of tlie leafhopper under tike name Ectlirodelphax fair-

childii Perk."

o Perkins, R. C. L.— Ikl. Comrs. Agr. and Forestry, Hawaii, Div. Ent., Bui. 1,

pp. 20-22.
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More recently the species of beneficial insects which were already

present in the islands when the leafhopper was introduced and

which have sought the leafhopper in the cane fields have been reported

upon in detail by the entomologists of the Hawaiian Sugar Planters'

Experiment Station."

Special Introductions.

In 1903 Mr. Albert Koebele, after consulting with Dr. L. O. How-
ard, undertook extensive observations on the American parasites of

leafhoppers. In Ohio Mr. Koebele had the assistance of Mr. Otto

H. Swezey. A large quantity of living material was collected both

in Ohio and in California and shipped to Doctor Perkins at Honolulu.

The American material consisted in the main of insects belonging

to the hj^menopterous family Dryinido3. The Hawaiian parasite

EctJirodelphax fairchildii Perkins is also a member of this family

and, at the time of Mr. Koebele's American introductions, was
being reared and distributed over the islands by Doctor Perkins.

These introductions are discussed by Doctor Perkins in Part I of

Bulletin 1, Division of Entomology, Hawaiian Sugar Planters'

Experiment Station, 1905.*

Mr. Koebele also collected during his American investigations

representatives of the order Strepsiptera (Stylopida?) and a single

species of an egg-parasite, Anagrus columbi Perk., belonging to the

family Mymaridos. '^

In the spring of 1904 Messrs. Koebele and Perkins sailed for

Australia to continue the search for parasites of the leafhopper.

They reached Sydney m May and because of the cold weather which

prevailed they proceeded to Brisbane. The results of the work in

Australia are thus summarized by Doctor Perkins t*^

Early in June we arrived at Brisbane, and on the first cane that we saw, a few plants

in the public gardens, we at once observed the jjresence of the cane leaf-hopper. A

« Leafhoppers and their natural enemies. <^Hawaiian Sugar Planters' Exp. Sta.,

Div. Ent., Bui. 1.

Perkins, R. C. L.—Part I, pp. 1-60, May, 1905. {Ecthrodelphax fairchildii.)

Perkins, R. C. L.—Part IV, pp. 113-157, pis. 5-7, September, 1905. (Pipunculidae.)

Terry, F. W.—Part V, pp. 159-181, pis. 8-10, November, 1905. (Forficulid*,

Syrphidse and Hemerobiidae.)

SwEZEY, O. H.—Part VII, pp. 207-238, pis. 14-16, December, 1905. (Orthoptera,

Coleoptera, and Hemiptera.)

& Perkins, R. C. L.—Leafhoppers and their natural enemies. <^Hawaiian Sugar

Planters' Exp. Sta., Div. Ent., Bui. 1, Part I, pp. 1-60, May, 1905. (Dryinidee.)

c Perkins, R. C. L.—Leafhoppers and their natural enemies. <^Hawaiian Sugar

Planters' Exp. Sta., Div. Ent., Bui. 1, Pt. Ill, pp. 86-111, pis. 1-4, August, 1905,

(Stylopidge.)

Perkins, R. C. L.—Leafhoppers and their natural enemies. ^Hawaiian Sugar

Planters' Exp. Sta., Div. Ent., Bui. 1, Pt. VI, p. 198, November, 1905. {Anagrus

columhi.)

<^ Perkins, R. C.L.—Leafhoppers and their natural enemies. ^Hawaiian Sugar

Planters' Exp. Sta., Div. Ent., Bui. 1, introduction, pp. in, iv. May, 1906.
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short stay of about ten days gave ample proof of the existence in Australia of a con-

siderable variety of Hymenopterous parasites of leaf-hoppers, of Dipterous parasites

of the genus Pipunculus, and of Stylopid parasites of the genus Elenchus.

At Eundaberg, about twelve hours by rail north of Brisbane, we spent another

ten days in June. Here is an extensive cane district with our leaf-hopper every-

where present, but never in numbers such as we are accustomed to in these islands.

In fact we never saw the hoppers nearly as numerous as they are on our least affected

plantations. From esrgs collected here Mr. Koebele soon bred out specimens of the

Mymarid parasites he had felt so confident of finding.

From our observations on the habits of the cane leaf-hopper in these islands, it

seemed probable that in tropical Australia this species would be in its greatest nun.-

bers in the colder months, so after a brief stay in Bundaberg, we proceeded north to

Cairns, which place we reached at the beginning of July. This plan seemed very

expedient, for by retreating gradually towards the south, as the hot season advanced,

we hoped to prolong the season during which natural enemies for the cane leaf-hopper

could be obtained. It appeared likely that effective work could only be done at

Cairns for a month or two, since without a reasonably large supply of hoppers, it was
evident that the parasites could not be found in sufficient numbers for shipment.

This indeed proved to be the case, and by the end of August, leaf-hoppers and their

eggs had become so scarce in the cane fields, that we came south again to Bundaberg.

At Bundaberg we made a long stay on this occasion, regularly sending off consign-

ments of parasite.*, until here too, owing partly to the season and partly to the harvest-

ing of the crop, the locality became unprofitable. After a short stay in Brisbane,

at the end of the \ ear, I retiu-ned to Honolulu, while Mr. Koebele proceeded to Sydney,

where his attention was largely given to collecting beneficial insects for pests other

than leaf-hopper. On the return joiu-ney Mr. Koebele spent one month in Fiji, the

enemies of the cane-hopper in those islands being m^ostly similar to those already

found in Australia. A fine consignment of the Chalcid egg-parasite {Ootetrastichus)

of leaf-hopper was most important, as it enabled us to establish that important species

without any doubt.

During January and February, 1906, Mr. F. Muir continued the

work in the Fiji Islands begun by Mr. Koebele in the latter part of

1904. He reported as follows concerning the Fijian sugar-cane leaf-

hopper and its parasites:"

The Fijian sugar-cane leaf-hopper (Perkinsiella vitiensis) I found all over the island,

but it does no damage, being kept in check by several natui'al enemies.

The most important of these are the egg-parasites, Ootetrastichus. Anagrus and
Paranagrus. The first of these was introduced from Fiji into Hawaii by Mr. Koebele,

and the other two appear to me the same as the Queensland species. In some fields

as many as 90 % of the hopper eggs were parasitized, but in other fields it was lower.

Observations extending over my six months' stay, and made at the various parts of

the island visited, show that an average of 85 % of hopper eggs were destroyed by
these parasites. Th(>se figures are only approximate, as I have to estimate that one

Chalcid (Ootetrastichus) destroys four hopper eggs, which is a low estimate. This

Chalcid is more numerous, and on account of destroying the whole batch of hopper

eggs, is of very much higher economic value than the Mymarids.

tt MiiiR, F.—Notes on some Fijian insects. <;Hawaiian Sugar Planters' Exp. Sta.,

Div. Ent., Bui. 2, p. 3, Kovember, 1906.
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The Australian and Fijian material has been described in detailed

reports with elaborate illustrations by Messrs. Perkins, Terry, and
Kirkaldy."

Regarding the effectiveness of the varior.s parasites and enemies of

the leafhopper, Dr. Perkins says :
^

If we consider the effectiveness of the four egg-parasites, Paranagrus optabilis, P.
perforator, Anagrus frequens, and Ootetrastichus heatus, in areas where all are well

established, we must rate the first-named as at present by far the most effective. As I

have previously pointed out, this species is capable by itself of destroying about 50

per cent of the cane-hopper's eggs and Anagrus frequens and P. perforator, extraordi-

narily numerous as they appear, where seen alone, are but as isolated examples in

the crowd, where all are well established in one spot. The Ootetrastichus slowly but
steadily increases in numbers, and on many plantations I expect that it will ulti-

mately be the most efficient of all parasites. I do not think that it can show its full

value till 1908, for each harvesting of the cane crop is necessarily a very great setback

to its natural increase. Anagrus frequens, under which name are probably more than
one species, or at least one or two distinct races of a single species, although it appears

at a disadvantage, when in company with Paranagrus optabilis, is nevertheless a

most abundant parasite. In Part VI of this Bulletin I have compared the habits of

the two and need not refer to the matter here, but I may say that as many as eighty

or a hundred exit holes of the Anagrus have been counted in a single cane-leaf, so

that its great utility is unquestionable. P. perforator, common in Fiji, attacking

eggs of hopper laid in thick stems of grass, more rarely those in cane, will probably
gradually wander away from the cane-fields to attack the eggs of native hoppers, that

are laid in stems and twigs, as it now chiefly attacks the cane-hopper eggs when these

are laid in the stems.

Nor must it be forgotten, what valuable aid these egg-parasites receive in the

control of leaf-hopper from other insects parasitic and predaceous, native or introduced.

In fact, had there existed previously no restraint to the multiplication of the pest, no

allawaiian Sugar Planters' Exp. Sta., Div. Ent.:

Perkins, R. C. L.—Bui. 1, Pt. I, pp. 1-69, May, 1905 (Dryinidse).

Perkins, R. C. L.—BuI. 1, Pt. II, pp. 71-85, figs. 1-3, June, 1905 (Lepidoptera).

Perkins, R. C. L.— Bui. 1, Pt. Ill, pp. 86-111, pis. 1-4, August, 1905 (Stylo-

pidae).

Perkins, R. C. L.— Bui. 1, Pt. IV, pp. 113-157, pis. 5-7, September, 1905

(Pipunculidaj).

Terry, F. W.—Bui. 1, Pt. V, pp. 177-179, Novem.ber, 1905 (Syrphidse).

Perkins, R. C. L.—Bui. 1, Pt. VI, pp. 183-205, pis. 11-13, November, 1905

(Mymaridpp, Platygasteridse).

Perkins, R. C. L.- Bui. 1, Pt. VIII, pp. 239-267, pis. 18-20, January, 1906

(Hymenoptera).

KiRKALDY, G. W.—Bui. 1, Pt. IX, pp. 269-479, pis. 21-32, February, 1906

(Leafhopper).

Perkins, R. C. L.—Bui. 1, Pt. X, pp. 481-499, pis. 33-38, March, 190G (Hy-
menoptera, Diptera).

KiRKALDy, G. W.—Bui. 3, pp. 1-186, pis. 1-20, September, 1907 (Leafhop-

pers, Supplement).

Perkins, R. C. L.—Bui. 4, pp. 1-59, May, 1907 (Parasites of Leafhoppers).
b Perkins, R. C. L.—Leaf-hoppers and their natural enemies. <Hawaiian Sugar

Planters' Exp. Sta., Div. Ent., Bui. 1, introduction, pp. xv-xvii, May, 1906.
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one who has paid the least attention to such matters can doubt that it would some time

since have become impossible to raise any crop of sugar cane in the islands. The reason

why these natural enemies have not alone got the upper hand of the hopper is due

to various causes. In the first place, a number of the parasites such as the Dryinid

Ecthrodelphax /airchildii and the parasitic flies of the genus Pipunculus are of local

occurrence, and in many places cannot (for climatic or other unknown reasons)

maintain their existence. This was well shown by the behavior of the first-named,

which was distributed in thousands by the entomologists and the Plantation man-

agers themselves to all the districts in the islands, but in many places did not thrive.

Such, too, is the case with the predaceous black earwig {Chelisocbes morio) which, a

natural immigrant to the islands and no doubt acclimatised centuries ago, is found

on comparatively few plantations. Other natural enemies are themselves periodically

decimated by parasites, as is the case with the introduced green cricket (Xiphidium

varipcnne), which has its own egg-parasite (Paraphelinus). Other enemies like the

common lady-bird (Cocdnella repanda) introduced by Koebele years ago for other

purposes, prey on young leaf-hoppers, in default of more favorite food, and this valu-

able predator too is itself subject to parasitic attack by the common Braconid {Cen-

tistes). At present the whole number of parasites and predaceous insects that attack

cane leaf-hopper to such an extent as to render their services worth noting is consid-

erable, as the following summary shows.

The most valuable are the four egg-parasites, which there is every reason to hope

will become still more effective with reasonable time, one (Ootetrastichus) having as

yet had no chance to show its full effectiveness.

The two Pipuncidus flies (Pipunculus juvator smd terryi) are restricted to certain

localities and are native species, which have transferred their attacks from native

Delphacids to the cane leaf-hopper.

The ubiquitous lady-bird {Cocdnella repanda) is valuable as a destroyer of leaf-

hopper, though originally imported by Koebele to destroy Aphis. It is hoped that

other lady-birds, especially Verania strigula, may become established and do good

work, as in Australia and Fiji, whence they were imported.

The earwig Chelisoches morio is a local species, but no doubt useful where it exists

in numbers.

The green cricket (
Xiphidium varipenne) is very valuable, but is most unfortunately

heavily attacked at certain seasons by an egg-parasite.

The Dryinid Ecthrodelphax /airchildii is locally valuable. At certain seasons in

suitable, but limited, localities, it destroys a considerable percentage of hoppers.

Its services are underestimated because for a large part of the year it lies as a dormant

larva in the cocoon, and parasitized hoppers at such a time are naturally hardly to be

found.

There are many other natural enemies of more or less importance, e. g. the various

predaceous Ilemiptera, and the several lace-wing flies {Chrysopinx).

In addition to these insect enemies, we must mention the two fungous diseases of

hoppers (amounting locally and at certain seasons to epidemics) which, long previ-

ously known to kill the native leaf-hoppers, have become transferred to the introduced

pest. We also found one or more fungous diseases attacking leaf-hopper eggs in Fiji

and Australia in all localities. With material imported from these countries, I easily

infected eggs of the cane leaf-hopper under cover, and subsequently established the

fungus at large in the field. As it was most probable that parasitized and healthy

hopper eggs would be affected alike by the disease, and consequently many of the egg-

parasites would be destroyed, it became a subject of discussion whether we should

attempt to establish the fungus or not. As, however, throughout Australia, the

fungus and jiarasite both attacked the eggs, Mr. Koebele was of opinion that we

should try and establish the same conditions here. Consequently with the first
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cages sent to the plantations the cane cuttings and the cane itself were well sprayed

with water containing spores of the fungous disease, so that these would be certainly

carried abroad by the emerging hoppers and parasites. I imagine there is no doubt

as to this disease becoming established in all suitable localities.

In speaking of the necessity for the continued propagation and dis-

tribution of the introduced parasites of the leafhopper, Doctor

Perkins reports as follows :

^

Owing to the manner in which cane is cultivated in these islands, the entomologist

working along the lines that have been adopted to control the leaf-hopper pest, meets

with a serious obstacle such as is not encountered in dealing with insects injurious to

our other vegetation. I refer here to the universal custom of burning off the trash over

great acreages, after the crop has been harvested. I have been told that on the Colo-

nial Sugar Refining Company's estates in Australia no such burning off is allowed. If

this is correct, it may help to account for the insignificant numbers of our cane-leaf

hopper there, as well as of several other insects of the same group, which are fortunately

not known in our cane fields. As, however, burning of trash is an established fact here,

it becomes necessary to see what steps can be taken to provide against this serious disad-

vantage. I will first show whereof this disadvantage consists. The parasitic enemie3

of the leaf-hopper are mostly delicate and minute creatures, not accustomed to take

prolonged flights. Their wings serve well to bear them from plant to plant, but for fur-

ther distribution they are dependent on air-currents. If when a field of cane is cut the

wind blows towards another cane field, no doubt some or many parasites will reach it,

but if otherwise, probably none will do so. In burning over a field it is quite certain

that almost every parasite yet present will be destroyed, but the adult leaf-hoppers on

the other hand are well able to take care of themselves. ^Mien, as an experiment, a

patch of about nine acres of cane, so heavily attacked by leaf-hopper as to be useless,

was set on fire all around to destroy these, it was noticed that the adult hoppers rose

from the cane in a cloud and spread to other fields; so this plan for destroying them was

of no value. I have in an earlier publication shown how quickly the leaf-hoppers

spread to new fields of very young cane, and with what regularity they distribute them-

selves over the young plants. It cannot be hoped that the parasites will (except under

rare and fortuitous circumstances, such as constant favorable winds) spread themselves

in like manner, and in the same time. Yet it is essential that the parasites should be

on the spot when the leaf-hopper begins to lay in order to secure proper control. If the

supply of laying hoppers at the beginning of the great breeding season is very small, it

means that there is not time for the attack to become serious before that season is over.

It is when the hopper is least abundant, that one wants to be assured that it is being

attacked by all possible enemies. When a field is already seriously injured and

swarming with hoppers, not much immediate help can be given for obvious reasons. It

will be easier to prevent such a condition than to find a remedy. If one could provide

that in each large area of cleared land, ready for planting, there should be in the middle

a small patch of some variety of cane most susceptible to the attack of leaf-hoppers,

that this cane should be kept well stocked with these, and with a variety of parasites

and predaceous insects, and itself be of sufficient growth to afford good shelter to all

these, the condition from an entomological standpoint would be ideal. This patch of

cane, being already of suitable age and growth and stocked as aforesaid, at the time

the much younger cane of the rest of the field began to be infested with hoppers, would

a Perkins, R. C. L.—Leaf-hoppers and their natural enemies. <IIawaiian Sugar

Planters' Exp. Sta., Div. Ent., Bui. 1, introduction, pp. xviii-xxi, May, 1906.
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daily be distributing thousands of natural enemies, that should control these. Al-

thousjh such a plan or modification of it might be adopted on some plantationsj on

others (at least such as are under irrigation) it would either be difficult, or altogether

impracticable. Only in the case of some fields of long ratoons would the matter be very

simple, when a small area of the original ratoon growth in each field could be left uncut,

and if well supplied with hoppers and their natural enemies would serve later on to

stock the rest of the field. Unfortunately, owing to the fact that ratoons are (except in

unusual cases) not severely attacked as compared with plant-cane, this matter becomes

one of minor importance. Otherwise, in the majority of cases, owing to the clearing of

large areas and the burning of trash, it is probable that new fields will have to be sup-

plied by cages similar to those already used. Two things will be absolutely necessary:

(1) that the new fields be well supplied with parasites; (2) that they be stocked imme-

diately the hoppers enter them and commence laying. This plan, though less satisfac-

tory than would be the other method, is nevertheless simple, and does not call for

much expenditure of time, nor for skilled labor. The one thing necessary to be posi-

tively ascertained is that the spot whence the cuttings for distribution are taken is well

supplied with all the kinds of parasites that it is desired to establish in new fields. It

is now well known to us that all these destroyers are not yet established in all parts of

all plantations, and therefore at present unless an entomologist previously test saijiples

fi"om the spot, whence distribution is to be made, it is qnite likely that some of the

most valuable parasites will not be taken to the new fields. If a sample be submitted

to the entomologists, it can be passed as fit to supply all necessary parasites to new
fields, or if not, cages of the deficient species can always be supplied from the cane in

the grounds of the Experiment Station in Honolulu. As the parasites are continually

spreading and increasing, such expert examination will at the most be necessary for a

year or two; for it is perfectly certain that by that time all the species will be so gen-

eral that it will be quite impossible to take any extensive sample of cane-leaves that

bear eggs of leaf-hopper, which will not contain all . Such in fact is now the case in the

cane at the Experiment Station. To sum up, the clearing of all cane from large acre-

ages is a decided obstacle to the complete success of natural enemies of leaf-hopper, and

the burning of trash aggravates the difficulty. As an offset to these conditions new
fields should be supplied artificially with J^atural enemies, and they should be supplied

as soon as any leaf-hoppers enter them. Of course future observation may i^rove this

distribution unnecessary, but for the present it should be adopted.

RELATED SPECIES.

The Hawaiian sugar-cane leafhopper does not occur on the mainland

of the United States. The insect is closely related to the corn leaf-

hop])er (Dicranotropis maidis Ashm.) , common on corn in the South-

ern States. '^ A West Indian species of leafhoi)per is recorded as inju-

rious to sugar-cane, by Westwood, in 1841, under the name Delphax

saccliarivora and is a member of the same family of insects as the

Hawaiian sugar-cane and the corn leafho])])ers.'' Three further spe-

cies of this same family, the Fulgorida?, are recortled as sugar-cane

pests in Java by W. van Deventer.''

a QuAiNtANCE, A. L.—Fla. Agr. Exp. Sta., Bui. 45, 1898.

& We.stwood, J. O.—Mag. Nat. Hist., vol. 6, p. 407, 1841.

c Phenice maculosa, Dicranolropis vastatrix, and Eumetopina Icrikjeri. Van Deventer,

Handbook ten dienste van de Suikerriet-cultuur en de Rietsuiker-Fabricage op Java_

II. De Dierlijke vijanden van het Suikerriet en hunne Parasieten. Amsterdam,

pp. 167-169, 1906.
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THE HAWAIIAN SUGAR-CANE BORER.

([Sphenophonis] lihabdocnemis obscunts Boisd.)

GENERAL CHARACTERISTICS.

The siio-ar-cane "borer" ({Sphenopliorus\ Bhahdocnemis ohscurus

Boisd.) (fig. 4) , infesting the cane stalk in Hawaii is the grub of a beetle

belonging to the weevil family Calandridie. The sugar-cane stalk-

borer of the southern United States is the caterpillar of a moth,

Fig. 4.—The Hawaiian sugar-cane borer ([Sphenophorus] Rhdbdocnemis ohscurus): 1, Eggs, natural size.

2, Eggs in situ, much enlarged : a, Section of egg passage with egg, e ; h, egg placed unusually near the

rind, d. 3, Larv;p, just hatched and older, natural size. /,, FuU-grawn larva, natural size. S, Larva,

side view, enlarged: a. Spiracles; 6, cervical shield. 6, Larva, front view, enlarged. 7, I'upa, enlarged;

a, Rostrum or beak; 6, antenna; c, elytron or wing cover; d, folded wing. 8, Pupal case or cocoon,

enlarged. 9, Adult, enlarged. (After Terry.)

Diatrsea saccharalis Fab. Entomologically the two species are

widely separated, })elonging to entirely different orders of insects, but

in the character of their injury to the cane stalk these two insects

are quite similar—that is, they both develop witliin the cane stalk, and
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by feeding on the interior cause great destruction to the plant. Com-
paratively, the Hawaiian borer is more destructive and, because of the

habits of the adult, a more persistent species to combat. The adult

beetle of the Hawaiian borer is a stronger flyer than the adult moth
of the mainland borer and therefore has a wider range over any

infested territory. As the adult of the Hawaiian borer, too, can

emerge from any reasonable depth when buried in the soil, this

renders the question of infested seed cane a serious one in Hawaii,

while on the mainland the careful covering of infested seed cane is

eflfective in preventing the emergeince of the adult moth. These

points are mentioned to bring out the fact that we are discussing

here a species in no way related to the cane borer of the Southern

States and in many ways not subject to the same means of control.

[Splienophorus\ Metamasius sericeus Oliv. is a sj^ecies injurious to

cane in the West Indies, being recorded from Jamaica, Barbadoes,

St. Kitts, Antigua, St. Lucia, and British Guiana.

In Porto Rico Sphenophorus sexguUatus Drury is recordeil hx Busck*^

as boring in the stalks of sugar cane.

DISTRIBUTION.

The sugar-cane borer of Hawaii is recorded also from Fiji, New
Guinea, New Ireland, Taliiti, Queensland, and the Malay Archipelago

and ])robably occurs pretty generally throughout the islands of the

southern Pacific.

OCCURRENCE IN HAWAII.

This species is a pest of long standing in the islands. The insect is

recorded from the Ishmd of Oahu in 1885 by the Rev. Thomas Black-

burn,'' who found the si)ecies breeding in the stems of bananas in the

mountains, and the files of the Bureau (then Division) of Entomology,

record the receipt of the borer from the Hawaiian Islands, as early as

1888.*= It is believed that the sugar-cane borer was introduced into

the islands from Tahiti in the stems of the banana ])lant during the

early communications between the Hawaiian Islands and those of

the South Seas. Hon. H. P. Baldwin, of Puunene, Maui, informed

the wTiter that to his personal knowledge the beetle was injurious to

sugar cane in the vicinity of Lahaina, the ancient ca])ital of the

islands, as early as 1865.

Aside from the banana plant and sugar cane, the beetle infests the

coconut palm, the sago palm, the royal ])alm, the wine })alni, (Cary-

ota urens), and the papaia (Carica papaya).

a U. S. Dept. Agr., Bur. Ent., Bui. 22, p. 89, 1900.

^ Blackburn, Rev. T., and Sharp, D.^Memoir.son the Coleopteraof thellawaiiaa

Islands. <Sci. Trans. Roy. Dublin Soc, 2 ser., vol. 3, pp. 119-290, pi. 1, 1885.

c General Notes, Bureau of Entomology, No. 4332b.
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Until the recent injury by the leafhopper {PerJcinsiella saccharicida)

the sugar-cane borer was the principal insect affecting cane in the

islands.

The species was determined by the Bureau of Entomology at

Washington, D. C, in 1888 from specimens forwarded by the late

King Kalakaua and was discussed under the title ''The Sandwich-

Island Sugar-cane Borer," in Insect Life, vol 1, No. 6, pages 185-189,

December, 1888.

In 1896 Mr. Koebele gave the following recortl on the work of

the borer in Hawaii: ®

This may be classed as the most injurious enemy of the sugar cane present on these

islands. Its ravages will exceed those of all other insects combined. Its attacks on

the sugar cane, however, seem confined to the more damp localities, whilst in drier

places, such as Lahaina, the borer is hardly noticed. I have been informed that the

Lihue Plantation has recently suffered severely from the attacks of the borer. Not

only sugar cane is damaged by this insect, but many other plants are damaged by it,

chiefly the bananas and cocoanuts. A grove of the latter was shown me in Hilo, in

1894, that was badly infested by the beetles. Setting fire to the dry leaves was rec-

ommended; this was done and the plants have since entirely recovered. Dying

cocoanut palms were examined and in the tender heart of the palm were found great

numbers of the insects, in all stages.

More recently (1907) Mr. F. W. Terry lias discussed the sugar-cane

borer in the Hawaiian Islands in a circular of the Hawaiian Sugar

Planters' Experiment Station.^

LIFE HISTORY A.ND HABITS.

The eggs are found beneath the epidermis of the cane stalk, or

more rarely in the tissue of the leaf sheath, haAdng been placed singly

in small cavities. The cavity is made by the female with her proboscis

before depositing the egg.

The young grub or larva, on hatching from the egg, bores on into

the stalk of the cane, completely honeycombing the interior udth

tunnels running lengthwise with the stalk (see fig. 5). The evidence

of its work is not indicated by the outward appearance of the stalk.

Many times a stalk, seemingly in a normal condition, is found on

examination to be utterly destroyed. The life of the borer within

the stalk of the cane is estimated to be about seven weeks by Mr.

Koebele,^ who points out the fact that the length of the larval life

a Koebele, Albert.—Report on insect pests. "^Hawaiian Planters' Monthly, vol.

15, no. 12, p. 590, December, 1896.

b Terry, F. W.—Hawaiian Sugar Planters' Exp. Sta., Div. Ent., Cir. 3, pp. 22,

plates 2, fig. 1, December, 1907.

c Koebele, Albert.—Hawaiian Planters' Monthly, vol. 19, no. 11, p. 520,

November, 1900.
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Fig. 5.—Work of the Hawaiian sugar-

cane lx>rer in sugar cane: a, a, a, Emer-
gence holes made by the larva before

pupation; b, b, "rupture" holes, ap-

parently accidental and made by the

larva while feeding; c, holes made by
the female borer for the reception of

her eggs; d, cocoon; e, larva; /, /,

"frass" or undigested cane fiber,

passed by the larva. One-half natural

size. (After Terry.)

depends to a great extent upon the con-

dition of the food plant and chmatic

conditions; that is, the develo})ment \\'ill

be more rapid in softer cane and during

the warm summer months than during the

low temperatures of winter.

"Wlien ready to pupate—that is, to trans-

form to the inactive stage preparatory to

emerging from the stalk as an adult

beetle—the larva (fig. 5, a) forms about

itself a cocoon (fig. 5, h) from the fiber of

the stalk within the tunnels it has made
in feeding. The adult beetle on issuing

from this cocoon bores its way through

the side of the stalk to the exterior, and

this opening in the lower joints of the cane

is the first distinct symptom of the pres-

ence of the borer. The length of the

pupal period is as variable as that of the

larval, the average time for transforma-

tion and emergence being from two to

three weeks.

The beetles are night flying and hide

during the day down within the sheaths

of the lower leaves. The softer varieties

of cane are more subject to attack than

the hardier varieties, and the borer is more
abundant in the wet districts than in the

dry. Cane which has received an abun-

dant supply of water by irrigation sufi"ers

more from the work of the borer than un-

irrigated cane. The borers occur in the

largest numbers in young cane and the

suckers arc infested to a much greater

degree than the stalks. The borers always

occur in the largest numbers in the vicinity

of the track used to haul cane to the fac-

• tory, issuing from infested stalks that have

dropped from the cars and have not been

collected and destroyed afterwards.

The borer is a strong flyer and s])reads

from field to field in this manner. It is dis-

tributed in infested seed cane and also

develops from the stalks left in the field

after harvest or dropped from the wagons

or cars in hauling to the factory.
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CONTROL MEASURES.

Selection' of Varieties for Planting.

As has been mentioned, the softer varieties are more subject to

attack than the hardier ones. The Yellow Caledonia, a variety

which is replacing to a great extent the common Lahaina and Rose
Bamboo in Hawaii, is injured to a much less extent than other

varieties. The infestation is not necessarily less in Yellow Caledonia,

but the borer meets with greater resistance in its feeding and conse-

quent development because of the firmness of the fiber.

Irrigation.

Excessive irrigation favors the development of the pest, since

cane in a succulent condition is more easily infested by the borer

and its development ^^-ithin the stalk is more rapid. It is plain that

in fields heavily infested by the borer the minimum amount of water

should be used in irrigation.

Burning of Trash.

The burning of trash after harvesting the cane is the most effectual

method of keeping the borer in check. In this practice not only

should the fields be burned over, but all the unburned stalks left in

the fields and all stalks dropped from carts and cars along the roads

and tracks used in hauling the cane to the factory should be collected

and burned. One plantation found it necessary to collect such

stalks in piles and use crude oil on them in order to destroy them
completely, and by a careful estimate of the labor and cost of mate-
rial found that the money had been well invested, as was sho\\Ti by
the reduction in the numbers of borers in the fields the folloAving

season.

Selection of Noninfested Seed Cane.

The Hawaiian sugar-cane borer is able to emerge to the surface

from any reasonable depth when planted with seed cane. For this

reason great care should be exercised in the selection of cane for

planting purposes, since new areas can in this way be readily stocked

with the pest. It is not practical to treat successfully cane infested

with the borer, since the borer is fully protected ^^ithin the stalk.

Therefore, next in importance to the thorough burning of all trash

after harvest is the selection of noninfested seed cane.

Picking and Baiting.

The most effective direct measure employed against the cane

borer is the collecting of the adults during the daytime from their

hiding place within the lower leaf sheaths. The supply of labor will
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influence the ability to use this method. The method is more feasible

where the plantation is so situated that women and children can be

employed for the work. Care should be exercised in this work in

order that the growing leaves may not be broken down. It is

obvious that a larger number of beetles will be collected when the

wages are based on the numbers collected, but the results are moie
satisfactory, as regards breaking down the cane, when the wages of

the laborers are fixed at a certain amount per day.

In the Fiji Islands a method of baiting the beetles is employed,

which consists of splitting cane stalks and placing pieces about the

edges of the field and within the rows at certain intervals. The
method as practiced in Fiji is thus described by Mr. Koebele."

At the request of the Colonial Sugar Company we looked into the matter with a

\'iew of getting rid of the beetles the best way possible; all sorts of de\'ices were em-
ployed and none worked better than pieces of split cane about 12 inches long, placed

along the edges of the field and through the same at intervals of 12-18 feet; thus with

seven little Indian girls, I collected over 16,000 beetles in some four hours, and the

same little girls alone brought in the following noon over 26,000 beetles.

This method was kept up, and followed on all the plantations for the next three

years, or until no more of the borers could be found. Tons of the same were brought

in at the Nausori mill alone, and the expenses of collecting were practically nothing

compared to the cost at Lihue, where such work has to be done by the day laborers.

About four cents per pint of the insects was paid to the children. The result has been

highly satisfactory, for, ever since the last five years, the cane borer has not been a

pest in those islands.

An important point regarding tliis split cane is that the females

usually infest these pieces heavily with eggs and the young residting

grubs bore into the split stalks and perish as the pieces of cane become
dry. In dry localities the pieces of split cane should be placed in the

irrigation ditches during the day and placed out as bait in the even-

ing, otherwise they dry out rapidly and cease to attract the beetles.

RELATED SPECIES.

The Hawaiian sugar-cane borer is represented in the United States

by the "corn bill-bugs," of the genus Sphenophorus, several species

of which in tlie adult stage attack the leaves of corn, but rarely breed

in the stalk of corn as does the Hawaiian Sphenophorus in the stalk

of cane. The Hawaiian cane horer does not occur on the mainland of the

United States.

" KoEBELE, Albert.—Hawaiian Planters' Monthly, vol. 19, no. 11, p. 522, Novem-
ber, 1900.
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THE HAWAIIAN SUGAR-CANE LEAF-ROLLER.

{Oiniodcs accepta Bull.) (Plate III.)

EARLY HISTORY IN THE HAWAIIAN ISLANDS.

During the investigations relating to the leafhopper in 1903 the

writer found the Hawaiian sugar-cane leaf-roller, the caterpillar of

a native moth, doing serious damage to cane in the upper fields of

])lantations in the Kohala district, Island of Hawaii. The larvae

were collected also from Ililo grass (Paspalum conjugatum) growing

wild above the cane areas. The species, primarily a grass feeder,

occurs in the higher altitudes and invades the bordering fields from

these locations. It is recorded by Meyrick ^ in 1899 from the islands

of Hawaii, Maui, Molokai, and Kauai at elevations ranging from

1,500 to 5,000 feet. The caterpillar was described for the first time

by Dr. H. G. Dyar, of the United States National Museum, from

specimens collected by the writer on cane in the Kohala district. ''

Swezey states that the leaf-roller occurs on practically all of the

plantations of the islands, but is less abundant in the dry districts.

Regarding its injury he says:'=

It is present in some fields of cane sometimes in such large numbers as to do consid-

erable damage ; in fact, cases have been reported where the young cane has been entirely

stripped of leaves. Such instances are not numerous, however, and even in the worst

cases would not result in entire destruction of the crop of cane as it would grow again

after the caterpillars had obtained their growth, or their parasites had got them checked.

It is not usually to be considered a serious pest. Possibly it is not so abundant now
as it was a few years ago when reports were made of cane fields having been entirely

stripped by them.

At present there are a number of parasites preying upon this species and this keeps

them well in check.

In this same report, page 10, the author describes the habits of the

caterpillar as follows:

On sugar cane the very young larvae feed in the crowai of the plant where the young
leaves have not yet unrolled. They are thus protected between the natural rolls of

the leaf; later on they roll over the margin of a leaf forming a tube for their " retreat."

When nearly full grown, they are usually found in tubes towards the tip of the upper
leaves. These tubes are easily observed if the ragged leaves where the larvae have
fed, are examined. The work of the smaller larvae shows as oval or elongate dead
spots on leaves which have um-olled in the growing of the cane after the young larvae

have fed upon them.

When disturbed in its retreat, as by its being torn open, or violently shaken, or

jarred, the larva wriggles veryiively and drops to the ground for escape. This habit is

a Meyrick, E.—Fauna Hawaiiensis, vol. 1, Pt. II, p. 204, 1899.

b Dyar, H. G.—Note on the larva of an Hawaiian pyi-alid {Oiniodcs accepta Butler).

<Proc. Ent. Soc. Wash., vol. 6, no. 2, p. 65, 1904.

c Swezey, Otto H.—The sugar-cane leaf-roller, Oiniodcs accepta. <Hawaiian
Sugar Planters' Exp. Sta., Div. Ent., Bui. 5, p. 7, August, 1907.
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probably to escape from parai^ites, many of which prey upon them. The retreat which
it constructs is undoubtedly for the same purpose, as well as for protection from waspa

and birds which prey upon it.

The caterpillars are full grown in about three weeks from hatching. They molt

five times at intervals of about three to five days, and five to seven days between the

fifth molt and the spinning of the cocoon and pupation. Pupation takes place within

a slight cocoon of white silk in the "retreat" where the caterpillar has lived; how-

ever, the cocoon is sometimes made beneath the leaf-sheaths of cane, and in other

favorable places.

CONTROL MEASURES.

No special remedies are employed in cane fields against this pest.

Swezey suggests that in fields of young cane a spray of Paris green

or arsenate of lead might be used wdth effect, and mentions that at

times laborers have been sent over the field to pmch the caterpillars

m their retreat between the folded cane leaves.

PARASITES.

The species is attacked, fortunately, by several introduced para-

sites. Regarding the natural enemies of the species of moths belong-

ing to the genus Omiodes, Mr. Swezey reports as follows on i)ages 36

and 37 in his article above referred to:

Omiodes caterpillars are attacked by a large number of species of parasites, some of

which are native, and several which are the most valuable have been introduced.

The most of the species are kept in check by their natural enemies, so that they do

not become very numerous; in fact, several of them are very rare. Two species feed

so numerously on cultivated plants that they become serious pests; accepta on sugar

cane, and blachburni on palms. These two species are preyed upon very extensively

by the parasites and checked considerably, but not sufficiently to keep them from

doing considerable injury in certain localities and at certain seasons. Apparently the

moths are more prolific in the winter months (about December to March) and the

parasites are scarcer owing to their having had fewer caterpillars for them to keep
breeding on during the preceding summer. Hence, when the winter broods of cater-

pillars appear, there may be two or three generations of them before the parasites

breed up to sufficient numbers so that they produce any noticeable check on the

number of the caterpillars; then in another generation or two the caterpillars may be
much reduced in numbers and a large percentage of them found to be parasitized; for

example, on one occasion 75 % of the cane leaf-rollers in a field at Hutchinson plan-

tation, Hawaii, were found to be destroyed by one species of parasite; at Olaa plan-

tation, Hdwaii, in a certain field, on one occasion a much higher percentage of them
than that were killed; in Honolulu, of a large number of the jjalm leaf-roller cater-

pillars collected, 90 % were parasitized.

Since there are so many species of parasites preying on the leaf-rollers which are

pests, it might be asked "Why do they not become exterminated, or at least cease to

be pests?" Apparently, with all of the parasites, they are still not numerous enough

to overbalance the prolificness of the pest, even though they do kill such high per-

centages of them at times. Since so many are killed by parasites, and yet there are

enough left to do considerable injury at times, one cannot help but wonder to what
extent these pests might increase were there no parasites preying on them, and how
many times more serious would be the damage done by them. The extreme difficulty

and impracticability of treating sugar cane fields, or large palm trees, artificially, for
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The Hawaiian Suqar-Cane Leaf-Roller (Omiodes accepta).
Fig. 1.—Adult moth. Figs. 2, 3, 4, 5.—Larvse and details. Fig. 0.—Pupa. Fig. ".—Apex of crcmaster,
showing thecurled spines by which the pupa is fastened to the cocoon. Fig. S.—Cluster of 4 eggs
in groove on surface of leaf. Fig. 9.—Eggs more highly enlarged. Fig. 10.—Leaf spun together
lor ' retreat" or hiding place of caterpillar; showing where caterpillar has eaten. Fig. 11.-Leaf,
showing spots where very young caterpillar has eaten, leaving one epidermis intact, instead of
eating holes through the leaf. (After Swezey.)
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the destruction of these pests, makes it all the more important that there are so many
valuable parasites preying upon them; and shows the value of introducing natural

enemies to control a pest, for the four best parasites of these leaf-rollers are introduced

species, viz., Macrodyctiwn omiodivorum, Chalcis obscurata, Frontina archippivora and

Trichogramma pretiosa.

THE SXJGAR-CANE MEALY-BUG.

{Pseudococcus calceolaria; Mask.) (Plate IV.)

IDENTITY.

This insect (see PI. IV, from photographs by Mr. T. C. Barber) is

identical with the sugar-cane mealy-bug common on cane in the

southern parishes of Louisiana. The species is recorded by Mrs.

Maria E. Fernald from Australia, Hawaii, Fiji, Jamaica, and Florida."

Koebele earlier records this mealy-bug on cane in Hawaii.^

RELATED SPECIES.

The mealy-bug of the cane belongs to a very large family of insects,

Coccidae, which are world-wide in their distribution. Two other

species of this family, Pseudococcus sacchari Ckll. and Aspidiotus

cyanophylli Sign., have recently been recorded from Hawaii by Mr.

J. Kotinsky.''

Three species, namely, Pseudococcus calceolarise, P. sacchari, and
Aspidiotus saccJiari CML, are known to attack sugar cane in the

West Indies.<^

Van Deventer records several scale insects, among them Lecanium
Tcrugeri Zelintn., Aspidiotus saccharicaulis Zehntn., CTiionaspis spp.,

and a species of Pseudococcus very similar to P. calceolarise, on cane

in Java.

«

In Mauritius two species of related insects, Icerya seycliellarum

Westw. and Pulvinaria iceryi Guer., are reported as pests of sugar

cane.-'^

FOOD PLANTS.

Mrs. Fernald gives the food plants of the sugar-cane mealy-bug
as Calceolaria, Danthonia, Phormium tenax, Cordyline australis, and

a Fernald, Mks. Maria E.—A Catalogue of the Coccidae of the World. <BuI. 88,

Hatch Exp. Sta., Mass. Agr. Coll., p. 98, 1903.

^Koebele, Albert.—Hawaiian Planters' Monthly, vol. 15, no. 12, p. 596, Decem-
ber, 1896; vol. 17, no. 5, p. 209, May, 1898.

c KoTiNSKY, Jacob.—Coccidae not hitherto recorded from these islands. <Proc.
Hawaiian Ent. Soc, vol. 2, no. 3, pp. 127-131, 1910.

(i Ballou, H. a.—Review of the insect pests affecting the sugar cane. <West
Indian BuL, vol. 6, no. 1, p. 41, 1905.

c Deventer, W. van.—Handboek ten dienste van de Suikerriet-cultuur en de
Rietsuiker-Fabricage op Java. II. De Dierlijke vijanden van het Suikerriet en

hunne Parasieten, Amsterdam, pp. 227-266, 1906.

/ Fernald, Mrs. Maria E.—A Catalogue of the Coccidae of the World. <Hatch
Exp. Sta. Mass. Agr. Coll., Bui. 88, pp. 27, 133, 1903.
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sugar cane. In Louisiana the mealy-bug infests, aside from sugar

cane, the Johnson grass {Sorghum halepense) and the saccharine

sorghums.

LIFE HISTORY AND HABITS.

The feeding habits of the mealy-bug are similar to those of the

cane leafhopper; that is, their mouthparts are formed for piercing

the epidermis of the plant and sucking the plant sap from the inner

tissues. The distinction in the feeding habit is that the leafhopper

is active throughout its entire life cycle, and jumps or flies from

plant to plant, while the mealy-bug when partly grown remains

practically stationary and feeds upon but one portion of the same
plant.

^Aliere the cane mealy-bugs occur in Hawaii, they can be found

about the lower leaves of the cane, congregating for the most })art

behind the older leaves near the ground. The species may be recog-

nized by the white mealylike covering of the adult female, to which

the common name applies. The insects occur in a mass and when
abundant are readily observable by the white covering of the females.

This white covering serves as a receptacle for the eggs, which, upon
close examination, may be observed embedded therein.

In Louisiana the insects occur not onlv about the lower leaves of

the plant, but are to be found also around the crown (Plate IV, fig. 1)

and beneath the surface of the ground about the roots of the plant.

In this latter location they hibernate during the cold months of

wiater on both cane and Johnson grass.

The young mealy-bugs upon hatching from the eggs are quite

active and disperse over the can« plants, fuially congregating when
partly grown about the lower nodes of the stalk. The females are

practically inactive, remaining in a mass about one of the nodes or

beneath the leaves throughout their development and secreting about

themselves in these locations the characteristic white covering

(Plate IV, fig. 3). The young males do not remain stationary on

the plant, but, after completing their development, spin a narrow

white cocoon (Plate IV, fig. 4) within wliicli tlicy transform to a

delicate winged adult.

CONTROL.

Selection of seed cane.—Since the common method of distribution

is by the transportation of infested seed cane from plantation to

plantation or from one part to another of the same plantation, care

shouhl be exercised to select clean stalks and not those whicli are

infested, for seed cane.

Burning of the trash.—The practice of l)urning tlie trasli after

harvest is very effective in destroying tJiis insect, since those remain-
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The Sugar-Cane Mealy-Buq (Pseudococcus calceolari/e).

Fig. 1.—Adult mealy-b\ig.s clustered about the ba.se of young caue. Fig. 2.—Adult female,
twice natural size. Fig. 3.—A single adult female, with white mealy-like covering.
Fig. 4.—Cocoons of male mealy-bug. (Original.)
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ing on the stalks are killed in the process of milling, and the remaining

forms on the discarded stalks and leaves in the field are destroyed

by the fire.

NATURAL ENEMIES.

There is present in Hawaii a ladybird l)eetle, Cryptolsemus morir-

trouzieri Mids., which is a special mealy-bug feeder. This ladybird

is one of Mr. Koebele's introductions from Australia. It has proved

particularly beneficial in feeding upon the sugar-cane mealy-bug

in the Hawaiian cane fields, and through its work the numbers of the

mealy-bug have been greatly reduced in recent years. This impor-

tant predator has been established in C-alifornia, and the Bureau of

Entomology at Washington, D. C, has under way at present negotia-

tions to import this beetle into the cane fields of southern Louisiana

which are infested by the mealy-bug.

The ladybird is thus described by Prof. W. W. Froggatt, govern-

ment entomologist of New South Wales."

This beetle is very variable in size, measuring from under 2 to 3 lines in length,

with the head,, thorax, extreme tip of both wing covers light orange-yellow; the whole

of the under surface reddish-brown, and both the upper and under surface clothed

with fine hairs. In a number of specimens the under surface is variable in colora-

tion, the middle and hind pairs of legs with the thorax dark reddish-brown to black.

The larva is of the usual smoky-brown tint, but so thickly clothed on the upper

surface with white filaments that it appears to be of a uniform white, the pupa hidden

beneath the larval skin and the immature beetle are pale yellow.

MISCELLANEOUS INSECTS AFFECTING STJGAE, CANE IN HAWAII.

An aphis, Aphis sacchari Zehntn., is occasionally injurious to sugar

cane. Koebele records an outbreak of tJie species on tlie Island of

Kauai in 1896 under the name Aphis sp.^ The species was deter-

mined by Kirkaldy in 1907." This insect is known to occur on cane

in Java. In Hawaii, the species is fed upon by the ladybird Coccinella

repanda Thunb., though the benefit from this beetle is offset by the

work of its braconid parasite, Centistes americana Riley.

In some districts where the cane fields are situated in moist loca-

tions, a mole cricket, Gryllotalpa africana Beauv., is sometimes

abundant enough to be injurious. Another species of mole cricket,

Scapteriscus didactylus Latr., is a most important pest of sugar cane

« Froggatt, W. W.—Australian ladybird beetles. <Agr. Gazette of New South

Wales, vol. 13, pt. 9, pp. 907, 908, September, 1902.

b Koebele, Albert.—Hawaiian Planters' Monthly, vol. 15, no. 12, pp. 596-598,

December, 1896.

c Kirkaldy, G. W.—On some peregrine Aphidae in Oahu. <;Proc. Hawaiian Ent.

Soc, vol. 1, pt. 3, pp. 99, 100, July, 1907.
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in the island of Porto Rico." Regarding the work of the Hawaiian

mole cricket, Prof. Koebele reports as follows :

^

A species of mole cricket has appeared in very large numbers in some of the moist

valleys on Oahu, it is likely another Asiatic introduction, as a rule these crickets

are found around the muddy borders of shallow ponds and watercourses where they live

in burrows resembling those of moles, and like that animal their food consists chiefly

of earth worms and the larva of various insects. The opinions as to its habits are as

yet divided; whilst some authorities claim that it is beneficial, others place it amongst

the injurious insects.

Specimens kept in confinement here with pieces of sugar cane would hardly touch

them, yet they readily devoured a large number of the larva of the Adoretus or Japanese

beetle, as well as those aphodius and a number of earth worms, all within 24 hours.

The ground infested by these crickets was examined and found to be very wet and
completely riddled with the burrows down to a depth of three and even four feet, as

many as three and four specimens were brought to light in a single shovel full of the

soil. In such localities there is no question as to the injurious effects of the crickets

on young cane plants, wherever they were numerous almost all of the seed cane was
destroyed; they would burrow into the seed from all sides, destroying all the eyes,

where the plants had made a growth of a couple of feet the cricket would burrow in

below the ground and eat to the center, killing the plant. This is the only instance

so far observed of the depredations of these crickets here. In rice and taro fields no
damage has been observed as yet, and the only damage that is likely to occur to cane
is when it is planted in wet swampy land, as the cricket can only live and thrive in

such places, and is not found in ordinary arable land; even in the swamp where the

cricket was very numerous, it did not attack the old cane but paid its attention solely

to the newly planted seed and very young plants.

This cricket, although living in marshy land, cannot live under water, yet it is a

good swimmer; the only remedy that can be recommended at present is to flood the

land with water and collect the crickets as they come to the surface, destroying them
by placing them in a vessel containing kerosene and water.

The fungoid so contagious to many insects and larva here, does not seem to have any
effect on this lively cricket, nor will he have anything to do with poison given in the

style of bran, sugar and arsenic.

Certain army worms and cutworms, among them Heliopliila uni-

puncta Haw., Agrotis ypsilon Rott., and Spodoptera mauritia Boisd.,

are occasionally known to strip fields of young cane. These species

and related forms, together with their natural enemies, are discussed

in a recent report by ^Ir. O. H. Swezey. ^

A bud moth, Ereunetis Jlavistriata Wlsm., is found generally

throughout the Hawaiian cane fields and at times is ((uite numerous.
Regarding its injury Swezey says:'^

« Barrett, O. W.—The changa or mole cricket in Porto Rico. <Porto Rico Agr.

Exp. Sta., Bui. 2, pp. 19, fig. 1, 1902.

b Koebele, Albert.—Hawaiian Planters' Monthly, vol. 15, no. 12, pp. 594-596,

December, 1896.

<" Swezey, O. H.—Army worms and cutwornis on sugar cane in the Hawaiian
Islands. <nawaiian Sugar Planters' Exp. Sta., Div. Ent., Bui. 7, pp. 32, pis. 3,

November, 1909.

<* Swezey, O. H.—The Hawaiian sugar cane bud moth (Ereunetis Jlavistriata)

withanaccountof some allied species and natural enemies. <Hawaiian Sugar Planters'

Exp. Sta., Div. Ent., Bui. 6, pp. 40, pis. 4, October, 1909.
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It is usually not particularly injurious as it customarily feeds on the dead and drying

tissues of the leaf-sheaths of sugar cane; but when very numerous and on particularly

soft varieties of cane the caterpillars do considerable eating of the epidermis, and also

eat into the buds and destroy them, occasioning a good deal of loss where the cane is

desired for cuttings to plant.

The grasshoppers XipTiidium varipenne Swezey and Oxya velox Fab.

feed to some extent on the leaves of cane. The former species is also

predatory in habit, attacking the young leafhoppers and the larvae

of the sugar-cane leaf-roller.

Two species of beetles which occasionally invade the cane fields

from their common food plants and attack the leaves of the sugar

cane are Fuller's rose beetle, Aramigus fulleri Horn,'* and the Japanese

beetle, Adoretus tenuimaculaius Waterh.^

RATS INJUEING GROWING SUGAR CANE IN HAWAII.

The so-called roof-rat (2Ius alexandrinus) in former years was

very common in the cane fields of Hawaii and did considerable

damage by eating the stalks. This is also the cane-field rat of the

island of Jamaica. The species in Hawaii lives now for the most part

in trees and the upper stories of dwelhngs, since it has been driven

to a great degree from the cane fields by the introduced mongoose.

The introduction of the mongoose was a benefit as regards its destruc-

tion to the rats in the cane fields, but the animal is an undesirable

acquisition to the fauna of the islands for the reason that in recent

years it has included in its dietary the eggs and young of ground-

nesting bh-ds and domestic fowls. The destruction of the ground-

nesting birds is most regrettable.

a Van Dine, D. L.—Hawaii Exp. Sta., Press Bui. 14, p. 5, October, 1905.

b KoEBELE, Albert.—Hawaiian Planters' Monthly, vol. 17, no. 6, pp. 260-264,

June, 1898.
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PREFACE.

Bulletin 94, entitled "Insects Injurious to Forests and Forest

Products," consists of two parts and an index.

Part I, "Damage to Chestnut Telephone and Telegraph Poles by
Wood-Bormg Insects," by Thomas E. Snyder, comprises the results of

a special study of a serious damage to the base of standing chestnut

telephone and telegraph poles by the wood-boring larva of a beetle

designated by the author as the chestnut telephone-pole borer

(Parandra Irunnea Fab.).

Part II, "Biology of the Termites of the Eastern United States,

with Preventive and Remedial Measures," by Thomas E. Snyder,

is based mainly on investigations and experiments conducted during

the past three years by Mr. Snyder in connection with liis work in the

Branch of Forest Insect Investigations. It also includes unpublished

notes by Messrs. H. G. Hubbard and F. L. Odenbach. Termites are

among the most destructive insects to both crude and finished forest

products in North America, among which may be listed construction

timbers in bridges and wharves, telephone and telegraph poles, hop

polesj mine props, fence posts, lumber piled on the ground, railroad

ties, and the woodwork of buildings. The sudden crumbling of

bridges and wharves, the caving in of mines, and the settling of floors

in buildings, are sometimes directly due to the concealed work of

these insects. The use of untreated wood-pulp products, such as the

various composition-board substitutes for lath, etc., is restricted in

the Tropics and southern United States because of the ravages of

termites. In the cities of Washington, Baltimore, St. Louis, Cleve-

land, New York, and Boston, and throughout the eastern and south-

ern United States, damage by termites to the woodwork of buildings

is occasionally serious.

Methods of prevention and control against injuries to finished and

utiUzed forest products, etc., are based on the results of experiments

conducted by this branch of the bureau.

A. D. Hopkins,

Forest Entomologist.
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INSECTS INJURIOUS TO FORESTS AND FOREST PRODUCTS.

DAMAGE TO CHESTNUT TELEPHONE AND TELEGRAPH
POLES BY WOOD-BORING INSECTS.

By Thomas E. Snyder, M. F.,

Agent and Expert.

OBJECT OF PAPER.

It has recently been determined through special investigations

conducted principally by the writer that serious damage is being

done to the bases of standing chestnut telephone and telegraph poles

in certain localities by the grub or larva of a wood-boring beetle,

here called the chestnut telephone-pole borer." The character and

extent of the damage under different conditions of site in several

localities have been determined, and poles treated with various pre-

servative substances have been inspected to compare the efficiency

of both chemicals and methods of treatment. These investigations

have resulted in the determination of practical methods of preventing

injury to poles by wood-boring insects.

HISTORICAL DATA.

The first information of serious damage to standing chestnut poles

by wood-boring insects was conveyed in a letter, dated December

15, 1906, from E. O. Leighley, a correspondent of this Bureau,

reporting damage to telephone poles in Baltimore, Md., by borers.

Mr. A. B. Gahan, assistant entomologist of the Maryland Agricul-

tural Experiment Station, College Park, Md., who investigated the

injury to the poles, stated that it was the work of a borer and was
located just beneath the surface of the ground. Mr. Gahan brought

specimens of the work and the insect to this office. The borers were

identified as cerambycid larvae, and later were determined to be the

chestnut telephone-pole borer {Parandra hrunnea Fab.).

On December 16, 1906, Mr. H. E. Hopkins, division superintendent

of a telephone company, stated that the poles in West Virginia were

'^Parandra hrunnea Fab.; Order Coleoptera, Family Spondylidse.

64271°—Bull. 94, pt. 1—10
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badly injured by borers and that these borers were abundant. On
March 8, 1907, he collected larvse from chestnut telephone poles at

Pennsboro, W. Va. These were determined to be the larvae of the

chestnut telephone-jjole borer.

The writer on October 3, 1909, inspected some chestnut telegraph

poles which had been standing for about twelve years on New York
avenue, in Washington, D. C. The poles had been taken down under

orders from the city authorities, which necessitated the placing of

wires in conduits under ground, and they had been lying in piles for

about a month before they were inspected. The chestnut telephone-

pole borer had been working in the base of the poles, and white ants,

or termites, were associated with them. Twelve out of the 103 poles

examined had been damaged, some more seriously than others.

On October 15, 1909, Mr. H. E. Hopkins sent a reply to a request

by Dr. A. D. Hopkins for further information regarding insect dam-
age to poles in West Virginia. He stated that in one line built twelve

years ago (40 miles long, 36 chestnut poles to the mile, poles 20 to

40 feet long and 5 to 12 inches in diameter at the top) approximately

600 poles had been rotted off at the top of the ground, and inspection

showed that 95 per cent of the damage was directly or indirectly

due to insects. Other lines in this division were reported to be in

about the same condition. It was later determined that most of the

insect damage was the work of the chestnut telephone-pole borer.

Dr. A. D. Hopkins states in a recent comprehensive bulletin ^ that

"construction timbers in bridges and like structures, railroad ties,

telephone and telegraph poles, mine props, fence posts, etc., are

sometimes seriously injured by wood-boring larvae, termites, black

ants, carpenter bees, and powder-post beetles, and sometimes reduced

in efficiency from 10 to 100 per cent." Thus, while it has been known
that almost all classes of forest products that are set in the ground

are seriously injured by wood-boring insects, the problem of insect

damage to standing poles, posts, and other timbers has never been

made the subject of a special investigation.

In May, 1910, this study was assigned to the writer, and, in addi-

tion to a study of the insects involved, investigations in cooperation

with telephone and telegraph companies have been conducted in the

District of Columbia, Maryland, Virginia, Pennsylvania, New Jersey,

and New York. Through the courtesy of the Western Union Tele-

graph Company several telegra])h lines were inspected in July and

August, 1910, in Virginia, where the poles were being reset or rei)laced.

Here the butts of over 200 poles set under different conditions of

site were thoroughly examined for insect damage, and sometimes the

a Insect Depredations in North American Forests. <Bul. 58, Part V, Bureau of

Entomology, U. S. Department of Agriculture, p. 67, 1909.
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Fig. 1.-The Chestnut Telephone-pole Borer (Parandra brun-
NEA): Male and Female Beetles. Fig. 2.-The Chestnut
Telephone-pole Borer: Young Larv/e, Dorsal and Lateral
Views. Fig. 1, Slightly Enlarged; Fig. 2, Twice Natural
Size. iOriginal.)

Fig. 3.-DAMAGE to an Untreated Chestnut Telegraph Pole
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DAMAGE TO CHESTNUT POLES BY INSECTS. 3

entire pole was split open. In one line 10 to 12 years old (approxi-

mately 30 chestnut poles per mile, 25 feet long, about 6 inches diam-

eter at the top, 10 inches at the base, and apparently of second quality),

between Petersburg and Crewe, Va.—the poles had already been reset

once, east of Wilson, Va.—serious damage by the chestnut telephone-

pole borer rendered from 15 to 20 per cent of the poles unserviceable.

After the present second resetting it was esti-

mated that the poles can not last more than

four or five years longer. West of Wilson the

poles were naturally in much worse condition,

and many were broken off and only held up
by the wires on the sounder poles. In another

line examined, between Portsmouth and Boy-

kins, Va. (poles 30 feet long and apparently of

second quality), serious damage by this borer

averaged about 10 or 15 per cent, and between

Boykins, Va., and Weldon, N. C, according to

a linesman, 50 per cent of the poles are badly

decayed near the surface of the ground.

Much of this damage, however, is due to fun-

gous heart rot. According to a statement

by the foreman of a resetting crew, between

Asheville, N. C, and Spartanburg, S. C, hundreds of chestnut poles

were badly decayed in the 67 miles of line reset, and were only held

up by the wires. The line was 15 years old. There was serious

damage by "wood lice" (termites) and also by " white wood worms."

THE CHESTNUT TELEPHONE-POLE BORER.

{Parandra brunnea Fab.)

CHARACTER OF THE INSECT.

Fig. 1.—The chestnut telephone-

pole borer {Parandra brunnea):

Full-grown larva. (About
twice natural size. (Original.)

The chestnut telephone-pole borer is a creamy white, elongate,

stout, cylindrical, so-called "round-headed" grub or ''wood worm"
(fig. 1), which hatches from an egg deposited by an elongate, flattened,

shiny, mahogany brown, winged beetle from two-fifths to four-fifths of

an inch in length. (Plate I, fig. 1 ; text fig. 2.) The eggs are probably

deposited from August to October in shallow natural depressions or

crevices on the exterior of the pole near the surface of the ground;

often the young larvae enter the heartwood through knots. The
young borers (Plate I, fig. 2) hatching therefrom eat out broad
shallow galleries running longitudinally in the sapwood, then enter

the heartwood, the mines being gradually enlarged as the larvae

develop. As they proceed, the larvae closely pack the fine excreted

boring dust behind them. This debris, which is characteristic of
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their work, is reddish to dunnish yellow in color and has a claylike

consistenc}'. The mines eventually end in a broad chamber, the

entrance to which is plugged up by the excelsior-hke fibers of wood
chiseled out by the strong mandibles of the larva. Here the resting

stage (fig. 3), or pupa, is formed, and in this chamber the perfect adult

spends considerable time before emerging. Often all stages from very

3'ouiig larvse only about one-fourth inch long to full-grown larvae over

1 inch long, pupse, and
adults in all stages to

maturity are present in

the same pole. Adults

have been found flying

from July to Septem-
ber. As yet the sea-

sonal history of tliis

borer has not been com-
pletely worked out.

Fig. 2.—The chestnut telephone-pole borer: Female beetle, three

DISTRIBUTION.

This insect is very
and one-half times natural size. Head and pronotum of male widely distributed
beetle. (Original). • « r\ j^ •

rangnig from Ontario,

Canada, to Texas, eastward to the Atlantic coast, and westward to

Arizona and southern Cahfornia. It is common throughout the

natural range of the chestnut—and in this connection it should be

observed that most of the chestnut poles are purchased from local

timber-land owners.

CHARACTER t)F THE INJURY.

The injuiy to the poles consists in large mines in the wood near the

line of contact of the pole with the ground, necessitating the frequent

resetting or even the replacement of the damaged poles. These

irregular galleries of the grub (Plate II, fig. 1) run both horizontally

and longitudinally throughout the heartwood, and are sometimes 7

inches long, but vary with the indivi(hials, which show great differ-

ences in size. The l)orers usually work in the outer layers of the

wood at the base of the pole for a distance of from 2 to 3 feet below,

and sometimes from 1 to 2 feet above the line of contact of the pole

with the surface of the ground. The greatest damage is to that area

just below and just above the surface of the ground (Plate I, fig. 3);

here the conditions of air and moisture are most favorable. Often

the entire butt up to a distance of from 4 to G feet and higher,

according to the depth of setting, is mined. The numerous galleries,

often very close together, completely honeycomb the wood in a zone
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Fig. 1. Fig. 2.

Work of the Chestnut Telephone-pole Borer.

Fie 1 —Gallery of the chestnut telephone-pole borer, showing pupal chamber with the en-

trance plusKed with excelsior-like wood fibers; work near base of pole, below ground.

Fig. 2.—Mines of the chestnut telephone-pole borer near surface of ground. Natural size.

(Original.)
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3 to 4 inches in from the exterior of the poles; this so weakens the

poles that they break off close to the surface of the ground. The

basal 2 feet is usually sound. Even if the damage is not serious

enough to cause the poles to break off under strain, they are likely to

go tlown during any storm, and thus put the wire service out of com-

mission ; such damaged poles are a serious menace along the right of

way of railroads. The beetle will attack poles that are perfectly

sound, but evidently prefers to work wdiere the wood shows signs of

incipient decay; it will not work in wood that is ''sobby" (wet rot),

or in very "doty" (punky) wood. It has not yet been determined

just how soon the borers usually enter the poles after they have been

set in the ground. However, poles that had been standing only four

or five years contained larvse and adults of this borer

in the heartwood, and poles that had been set in the

ground for only two years contained young larvae in the

outer layers of the wood.

Poles that appear sound on the exterior may have the

entire basal interior riddled, and the work of the borers

is not noticed until the poles break off. If merely iso-

lated poles are injured, the poles that are broken off are

held up by the wires and can be detected by the fact

that they lean over, but if several adjacent poles are

affected, especially where there is any unusual strain,

that portion of the line is very likely to go down. The
presence of the borers in injurious numbers can l)e de-

termined only by removing the earth from about the

base of the pole; -the exit holes of the borer are found

near the line of contact with the soil. Often large,

coarse borings of wood fiber project from the exit holes.

Sometimes old dead parent adults are found on the

exterior of the poles underground. During August the

young adults may be found in shallow depressions on the exterior of

poles below the ground surface.

Fig. 3.— The
chestnut tele-

phone-pole bor-

e r : Pupa.
Slighdy more
than twice
natural size.

(Original.)

IMPORTANCE OF THE PROBLEM.

The subject of the relation of insects to the rapid decay of chestnut

poles has not been thoroughly investigated in the past, but now that

the supply is becoming scarcer it is especially important to know
what are the various primary causes of the deterioration of these

poles, liitherto described under the vague term "decay." Although
the chestnut telephone-pole borer has not liitherto been considered an

insect of any economic importance, and has been described in ento-

mological hterature as only living under bark, principally of pine, or
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ill the decomposing wood of various species of deciduous and conif-

erous trees, the evidence is abundant that breechng in the bases of

chestnut poles is not a newly acquired habit. It has also been

determined that tliis beetle damages mam^ species of living forest,

fruit, and shade trees that have been previously injured b}^ fu-e or

other causes, and often leads to the destruction of trees that would
other^Aise recover from such wounds, and wdiile not normally a

primary enemy to trees, may thus become of more than secondary

importance.

The damage by the chestnut telephone-pole borer is especially

serious in consideration of the fact that in many parts of its range the

chestnut is threatened with extinction as a tree species on account of

the very severe ravages of the combined attack of an insect " and a

fungous disease. Further unnecessary drain upon the supply of

chestnut timber should be avoided by protecting that already in use

and thus prolonging its length of sei'vice.

EXTENT OF DAMAGE AND LOSS.

As more than one-fourth of the 3,500,000 round poles exceeding 20

feet in length used annually by telephone, telegraph, and other

electric companies are chestnut (Kellogg, 1909),'' and as this borer

has seriously damaged as high as 10 to 40 per cent, varying with

conditions of site, of the chestnut poles which have been set in the

ground for from ten to twelve years in lines in North Carolina, Virginia,

West Virginia, Maryland, and the District of Columbia, it is evident

that this insect is an important factor in decreasing the normal

length of service of the poles. *" In lines from twelve to fifteen years

old the damage is much greater, and at the end of this number of

years of service any line in which poles of this species are set has to

be ])ractically renewed. According to a statement in Forest Service

Bulletin 78 (Sherfesee, 1909), ''approximately 4 per cent, or 5,908

feet board measure of the 147,720 feet board measure of standing

poles annually requiring replacement in the United States, is destroj^ed

by insects." If only chestnut poles be considered, at least 10 per

cent of the poles reset or replaced are injured by insects.

FAVORABLE AND UNFAVORABLE CONDITIONS FOR DESTRUCTIVE WORK.

The damage is apparently greatest and the borers are most abun-

dant where the poles are set in high or level dr}^ ground under good

conditions of drainage. Such sites are the crests of railroad cuts

through low hills, slopes of "fills," and in cultivated or other fields.

Where the poles are in wet sites there is usually but little injury by

C' Agrilus bilineritus Web.
''See list of publications, page 11.

c The average life of a chestnut pole is eight to ten years (Sherfesee and Weiss, 1909).
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wood-boring insects except to that portion near the surface of the

ground. Conditions of drainage are more important than different

soil combinations, and the condition of the soil is more important

than its composition; i. e., where the soil is hard packed there is

apparently less damage than where it is loose. The quahty and con-

dition of the poles before setting is a very important factor to con-

sider before arriving at any conclusions as to the relative longevity of

poles under various conditions of site. Green (unseasoned) or im-

perfectly seasoned poles are less durable than those thoroughly

seasoned. Poles that are defective °' before setting, as they very

often are (i. e., showing evidence of incipient decay), and poles that

have the heartwood mined by the chestnut timber worm, ^ the work
of which is very abundant, will, of course, decay much more
rapidly than poles that are in an absolutely sound condition.

The galleries of the chestnut timber worm afford an entrance to

the spores of wood-destroying fungi, and thus greatly accelerate

decay. White mycelium compactly filled these galleries throughout

many standing poles, thus clearly proving that these mines aid

greatly in enabling the fungous - heart rot more rapidly and
completely to penetrate the entire heartwood of the poles. If the

injury by both wood-boring beetles and wood-destroying fungi

(between which there is a varying interrelation) be considered, then

in several lines from ten to twelve years old in North Carolina,

Virginia, and West Virginia at least 50 per cent of the poles are either

rendered unserviceable or their length of service is much shortened.

ASSOCIATED WOOD-BORING INSECTS.

It is not to be concluded that this wood-boring beetle is the only

insect that injures standing chestnut poles. Indeed, the most
common injury is by the ''wood lice" or white ants.'' In lines from
ten to twelve years old these insects have seriously damaged as high

as 15 per cent of the poles, and their work is often present, at least

superficially, in as high as 75 per cent of the poles under all conditions

of site. Howeyer, the damage is usually to the outer layers of the

wood, where it is moist or there is incipient decaj^, and is more
superficial and localized than that of the chestnut telephone-pole

borer. Nevertheless, white ants often completely honeycomb the

sound heartwood of poles, especially at the base. They work both

in sound wood, ''doty" (dry rot) wood, and "sobb}^" (wet rot) wood.
Sometimes a large channel runs up through the core of the heart

o Often this evidence is the old galleries of the destructive two-lined chestnut

borer {Agrilus bilineatus Web.), showing that the tree must have been dead before

it was cut for a pole, and hence is more likely to be defective throughout the interior;

in other instances heart rot is clearly present.

& Lyrnexylon sericeum Harr.
c Identified by Mr. Theodore Pergande of this Bureau as Termes Jiaripes KoUar.
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and the sides are plastered with chiy, forming a hollow tube with

several longitudinal galleries. Their work often extends from 2 to 4

feet above the surface of the ground. They leave the outer shell

of the w'ood intact and work up through the longitudinal weathering

checks, covering the exterior of the pole with earth to exclude the

light. White ants will damage poles that have been set in the ground

onl}^ two years. Evidently the}" enter the pole from below the surface

of the ground. The habits and characteristics of these peculiar and

interesting insects have been thoroughly discussed in Circular No. 50

of this Bureau by Mr. C. L. Marlatt.

A giant round-headed borer " is sometimes found in the poles,

usually in association with the chestnut telephone-pole borer. In

poles where the wood is sound this borer apparently works as a rule

only in the outer layers of the wood, the galleries rumiing longitudi-

nally through the heart below the surface of the gi'ound. In poles

where there is decay it will completely honeycomb the heartwood

near the surface of the ground.

In several poles where the w^ood was "doty" a large Scarabaeid ''

winch has before been found in decayed oak railroad ties was present

and caused the poles to break off sooner than they otherwise would.

The irregular galleries of the grub completely honeycomb the decayed

heartwood near or just below the surface.

A flat-headed borer '^ and wireworms '^ were found in galleries locally

in the more or less decayed heartwood of several poles. A large black

carpenter ant^ does some damage to sound poles set in dry ground

through woodland. This ant often widens the longitudinal weather-

ing checks and thus accelerates decay. A small black ant-'' was very

numerous in nianj" poles, but its work is usually confined to the

outer layers of the wood. The work is often throughout "doty"

poles. Injury by this ant is not primary, but it also wid(nis weather-

ing checks, enlarges other defects, and induces more rapid decay.

PREVENTION OF THE INJURY.

Doctor Hopkins makes the following statement in a recent bulletin ri'

Insect damage to poles, posts, and similar ])n)ilucts can be prevented to a <;;reater

or less extent by the preservative treatments which have been tested and recom-

mended by the Forest Service for the prevention of decay. These should be applied

c Frionus ^p.

b Identified Ijy Mr. E. A. Schwarz, of this Bureau, as Pobjiiwchus brevipes Lee.

c Identified by Mr. H. E. lUirke, of this Bureau, as Buprestis rujipes Oliv.

''Species of the family Elateriche. The large larva? of AInas sp. were especially

injurious.

f Identified by Mr. Theodore Pergande as Camponotus pennsylvanicus Mayr.

/ Identified by Mr. Theodore Pergande as Cremastogaster lineolata Say.

^Insect Depredations in North American Forests. <Bul. 58, Part V, Bur. Ent.,

U. S. Dept. Agr., p. 84, 1909.
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before the material is utilized for the purposes intended, or, if it be attacked after

it has been utilized, further damage can be checked to a certain extent by the use of

the same substances.

It is often of prime importance to prevent injury from wood-boring insects, for the

reason that such injuries contribute to more rapid decay. Therefore anything that

will prevent insect injury, either before or after the utilization of such products, will

contribute to the prevention of premature deterioration and decay.

Through the courtesy of the American Telephone and Telegraph

Company and the Forest Service, about 40 chestnut poles set in a

test line near Dover, N. J., were inspected by the writer on July 15,

1910, in company with engineers of the telephone company and Mr.

H. F. Weiss, Assistant Director, Forest Products Laboratory, Forest

Service, to determine the relative merits of various methods of pre-

venting damage by wood-boring insects to the bases of poles. In

this line, which is eight years old, variously treated poles alternated

with untreated poles in order that each chemical preservative and

method of treatment might be given an absolutely fair test under

the same conditions of site. The poles were 30 feet long, 7 inches

in diameter at the top, and 33 inches in circumference 6 feet from

the base. In this inspection the earth was removed (to a depth of

about 1 foot) from the base of the pole, and then the pole was chopped

into to determine the rate of decay. This method of inspection for

insect damage is not very satisfactory. The various methods experi-

mented with in this test line were brush treatments with a patented

carbolineum preservative and spirittine, charring the butt, setting

the pole in sand, and setting it in small broken stone. It was found

that, although these methods may temporarily check the inroads of

wood-boring insects, they will not keep the insects out of the poles.

The most serious damage to the poles in this line was by white ants.

Other insect damage was by a large black carpenter anf^ and the

larvae of a round-headed borer.''

An inspection was made, between September 6 and 14, 1910, of

the bases of over 400 chestnut poles set in a similar test line near

Warren, Pa., and Falconer, N. Y. These poles were treated by the

creosote ''open-tank" method of impregnation, and brush treatments

of creosote, wood creosote, creolin, two different carbolineum pre-

servatives, and tar; they had been set in the ground for a period of

five years. All these treatments, except the brush treatments with

creoUn and tar, were efficient in preventmg the attacks of wood-

boring insects, at least for a five-year period, in this northern climate.

There was but little damage by insects to the poles in this test line.

The most common injury to the untreated poles was by the large

black carpenter ants which %viden the longitudinal weathering checks,

and hence induce more rapid decay. The work of the chestnut tele-

« Camponolus pennsyhanicus Mayr.
f> Priunus sp.
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phone-polo })orer was found in several poles, and this beetle was evi-

dently just beghming to attack these poles. There was some damage
by a round-headed borer.'' No white ants or termites were present,

and this is evidenth^ too far north for these destructive borers. A
report by inspectors of the American Telephone and Telegraph Com-
pany and the Forest Service on the remainder of the poles in this

test line (between Jamestown and Buffalo, N. Y.) not personally

inspected by the writer, showed that these conclusions can be ai)plied

to all the poles in the line with the exception that there was super-

ficial injury by small black ants to two poles treated by brush treat-

ments of carbolineum avenarius and to two treated with wood creo-

sote; also, as the inspection progressed, injury by the chestnut tele-

phone-pole borer became more abundant and serious, and the borers

seemed to be established in the poles. The poles treated b}" the creo-

sote "open-tank" method of impregnation and bj^ brush treatments

with creosote and with "S. P. F." carbolineum remained uninjured.

Methods of treating poles superficially by brushing with various

preservatives have proA^ed to be temporarily efficient in keeping

wood-boring insects out, if the work is thoroughly done and not only

the butt, but also the base, is treated. If the pole is not thoroughly

brushed, insects enter through the untreated or imperfectly treated

portions, especiallv through weathering checks and knots. \Yhere

the base is left untreated, insects, especially white ants or termites,

enter the pole from below ground and, avoiding the treated portions,

come right uj) through the pole.

The few poles of southern yellow pine in a line near Bartley, N. J.-,

inspected on July 15, 1910, which had been impregnated with creo-

sote by the Bethell cylinder-pressure process, 12 pounds of oil to the

cubic foot, and had been set in the gi'ound since February, 1903,

were apparently absolutely free from signs of decay or damage by

wood-boring insects. In another line, running between Norfolk, Va.,

and Washington, D. C, the few poles (12 years old, of squared

—

with the sapwood cut away—southern yellow pine) inspected on

August 10, 1910, near Portsmouth, Va., which had been impregnated

with creosote by the Bethell cylinder-pressure process, were also

apparently absolutely sound.

Thus, it is evident that impregnating the poles with creosote by
some standard process (either the open-tank or the cylinder-pressure

processes) will keep wood-boring insects out and preserve the poles

for a much longer period than they would last untreated. In the

open-tank method only the area most subject to the attacks of wood-

boring insects and deterioration in general (i. e., the basal 8 feet) is

treated, while by the cylinder-pressure processes the entire pole is

impregnated. Alternating less susceptible juniper (red cedar) ** poles

« Priorus sp. b Juniperus virginiana.
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or pine poles thoroughly impregnated by some standard process in

the line with the chestnut poles would be a safeguard in holding up

an old hne where the damage is found to be serious on resetting.

A list of some available publications on wood preservation is

appended.
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PUBLICATIONS ON WOOD PRESERVATION AND STATISTICS ON
POLES.

1903. Von Schrenk, H.—Seasoning of timber. <Bul. 41, Forest Service, U. S.

Dept. Agr.

1906. Grinnell, H.—Prolonging the life of telephone poles. <Yearbook U. S.

Dept. Agr. for 1905, Extract No. 395.

1907. Crawford, C. G.—The open-tank method for the treatment of timber.

<Cir. 101, Forest Service, U. S. Dept. Agr.

1907. Crawford, C. G.—Brush and tank pule treatments. <Cir. 104, Forest Serv-

ice, U. S. Dept. Agr.

1907. Grinnell, H.—Seasoning of telephone and telegraph poles. <Cir. 103, Forest

Service, U. S. Dept. Agr.

1908. Sherpesee, W. F.—A primer of wood preservation. <Cir. 139, Forest Service,

U. S. Dept. Agr.

1908. Weiss, H. F.—Progress in chestnut pole preservation. <Cir. 147, Forest

Service, U. S. Dept. Agr.

1909. Sherfesee, W. F.—Wood preservation in the United States. <Bul. 78, Forest

Service, U. S. Dept. Agr., pp. 24, 25, Table I.

1909. Sherfesee and Weiss.—Wood preservation. <Rep. Natl. Couserv. Cora.,

vol. 2, p. 663.

1909. Kellogg, R. S.—The timber supply of the United States. <Cir. 166, Forest

SerAdce, U. S. Dept. Agr., pp. 20-21.

1910. Willis, C. P.—The preservative treatment of farm timbers. <Farmers' Bui.

387, U. S. Dept. Agr.
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INSECTS INJUIUOUS TO FORESTS AND FOREST PRODUCTS.

BIOLOGY OF THE TERMITES OF THE EASTERN UNITED
STATES, WITH PREVENTIVE AND REMEDIAL MEAS-
URES.

By Thomas E. Snyder, M. F.,

Entomological Assistant.

INTRODUCTION.

The following notes on the hiology of the common termites,® or

"white ants," of the eastern United States were, for the most part,

made while conducting investigations to determine the character

and extent of damage by termites and other forest insects to various

classes of crude and finished forest products and to devise methods

of preventing the injury. During 1910 and 1911 special investiga-

tions were conducted by the writer as to the character and extent

of damage to telephone and telegraph poles and mine props by wood-
boring insects. This contribution is thus based, largely, on these

investigations, as well as on additional experiments conducted dur-

ing the past three years by the writer in the branch of Forest Insect

Investigations and on some of the unpublished notes of the late

H. G. Hubbard and those of Rev. F. L. Odenbach.

"White ants" are among the most destructive insects of North

America to both crude and finished forest products, among which may
be listed construction timbers in bridges, wells, and silos, timbers

of wharves, telephone and telegraph poles, bean and hop poles, mine

props, wooden cable conduits, fence posts, lumber piled on the

ground, railroad ties, and the foundations and woodwork of buildings,

etc. The sudden crumbhng of bridges and wharves, caving in of

mines, and settling of floors in buildings are sometimes directly due

to the hidden borings of termites. The use of untreated wood-pulp

products such as the various "composition boards" used as sub-

stitutes for lath, etc., is restricted in the Tropics and portions of the

southern United States because of the ravages of termites. In the

cities of V^ashington, Baltimore, St. Louis, Cleveland, and New
York, and throughout the Southern States damage by termites to

a Order Platyptera, Packard (1886), suborder Isoptera, Brull6 (1832), family Meso-

termitidse, Holmgren, genus Leucotermes Silvestri.

13
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the woodwork of l)iiil(linos is occasionally serious. As far north as

Boston, Mass., damage of this sort occurs, and in ^licliigan cases are

reported in which furniture in buildings has sunk through the floors,

mined by "white ants."

The preventives and remedies against injin-y to forest products

and nursery stock herein given are based on the results of experi-

ments conducted by the Bureau of Entomology. The species to be

considered in this paper are Leucotermes flavi'pes Kollar and Leuco-

termes virginicus Banks. The former is mdely distributed "^ over

the United States, l)ut the recorded distribution of the lattcu" is more
limited.''

CLASSIFICATION.

Termites are naturally to bo classed among that most interesting

group of social insects comprising the ants, bees, wasps, etc., since

they live in colonies which are made up of various highly specialized

forms or castes. Each of these forms has a distinct role in the proc-

esses of the social organization, as there is a well-defined cUvision of

labor. In the systematic classification of insects, however, termites

are widely separated from the other social insects. These latter rep-

resent the highest and most specialized development, whereas termites

represent the lowest and are among the oldest of insects. Further-

more, in many points in their lif(^ habits termites are widely dift'erent

from the other social insects.

The tropical genus Termes, from which the family and generic

names of termites are derived, is a Linnfean creation "^ and appears

for the first time in 1758, in the tenth edition of Sj^stema Naturae,

whore it was placed among the Aptera, between the genera Podura
and P(^diculus. Since then t(^rmitos have been classed ^ among the

orders Neuroptera, Corrodontia, and Pseudonom-optera, although

Brulle, in 1832 (Exped. Sc. Mor6e, t. 3 (Zool.), p. 66, Paris, 1832), had
founded the distinct new order Isoptera.* Packard,'^ in 1863, stated

that '
' seven out of the eight W(^ll-(^stablished families of the Neuroptera

sustain a synthetic relation with each of the six other suborders."

Hagen,^in 1868, stated in regard to the error that he made in describ-

" Marlatt, C. I;. The White Aiit {Ttrrnes flaripn Koll.). U. S. Dept. Agr., Bur.

Ent., Circ. 50, pp. 8, figs. 4, June .30, 1902. See ]). 4.

'> Banks, N. A new species of Termes. Ent. News., v. ]8, no. 9, p. 392-393, No-

vember, 1907.

c Desnbux, J. Isoptera, Fam. Termitida^^, pp. 52, figs. 10, ])ls. 2. (Wytsman, P.,

Genera Insectorum, fasc. 25, Bruxellea, 1904, p. 1-3.)

d Feytaud, J. Contribution k r«5tude du termite hicifugc. Arch. Anat. Micros.,

t. 13, fasc. 4, p. 481-606, figs. 34, 30 juin, 1912.

« Desneux, J. Loc. cit.

/Packard, A. S. On synthetic types in insects. Boston Jour. Nat. Hist., v. 7,

no. 4, p. 590-003, fig. 4, June, 1863.

fi'IIageu, H. A. Proc. Boston Soc. Nat. Ilist., v. 12, p. 1.39, October 21, 1868,

Boston, 1869.
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iiig " a damaged earwig (Forficula) from Ja])aii as a wingless termite,

"that the three families, Tormitina, Blattina, and Forficulina, are

coordinated and very nearly allied." Packard,'' in 1883, placed

termites in a new order, the Platyptera, including the Termitidse,

Embiidse, Psocidse, and Perhdse, and three yeai-s later ho dismem-

bered *= the Pseudoneuroptera into the Platyptera, Odonata, and

Plecoptera. Knower,'' in 1896, stated that in the development of

the embryo of termites there is a resemblance to that of the Orthop-

tera. Desneux, in 1904,^ stated that termites are derived phylo-

genetically from the "Blattides," an idea accredited to Handlirsch

in 1903, although Hagen, in 1855, had already formulated this

theory based on purely biological considerations. Comstock,-^ in

1895, also placed termites in the order Isoptera. Enderlein,^' in

1903, placed tormitcs with the Embiidse in the order Corrodentia,

suborder Isoptera. In this order he also placed the Psocidse and

Mallophaga. Handlirsch ^ contests the affinity of the Termitidse with

the Embiid^; he further states* that termites are derived from all

deposits from the lower Tertiary on, but that all older fossils formerly

mistaken for termites by Hagen, Scudder, and Heer do not belong

to this order. Banks-' (1909) considered termites to be in the

order Platyptera, suborder Isoptera, with two other suborders, the

Mallophaga and Corrodentia. Holmgren states'"^ that he believes

both groups, the "Termiten" and '^Blattiden," are offshoots of a

more primitive group, the "Protoblattoiden." The oldest ''Blat-

toiden" occur in the first part of the middle, upper Carboniferous

(Pottsville, North America), the oldest " Protoblattoiden," in the last

o Hagen, H. A. On a wingless white ant from Japan. Proc. Boston Soc. Nat.

Hist., V. 11, p. 399^00, iUus., February 26, 1868.

b Packard, A. S. Order 3, Pseudoneuroptera, U. S. Dept. Agr., U. S. Ent. Com.,

3d Kept., p. 290-293, 1883.

c Packard, A. S. A new arrangement of the orders of insects. Amer. Nat., v. 20,

no. 9, p. 808, September, ]886.

d Knower, H. McE. The development of a termite

—

Eutermes {Rippertii?) A pre-

liminary abstract. Johns Hopkins Univ. Circ, v. 15, no. 126, p. 86-87, June, 1896.

« Desneux, J. Loc. cit.

/ Comstock, J. H. Manual for the Study of Insects. Ithaca, N. Y., 1895, p. 95-97,

.fig. 104-106.

S'Enderlein, G. Uber die Morphologie, Gruppierung und Systematische Stellung

der Corrodentien. Zool. Anzeig., vol. 26, p. 423^37, figs. 4.

'^ Handlirsch, A. Zur Systematik der Hexapoden. Zool. Anzeig., vol. 27 (1904),

p. 733-769.

* Handlirsch. A. Die fossilen Insekten und die Phyjogenie der rezenten Formen,

pt. 8, p. 1240, Leipzig, 1908.

J Banks, N. Directions for Collecting and Preserving Insects, pp. 135, figs. 188,

Washington, 1909. U. S. Nat. Mus. Bui. 67. Platyptera, p. 6-7.

*! Holmgren, N. Termitenstudien 1. Anatomische Untersuchungen. K. Svenska

Vetensk. Akad. Handl., Bd. 44, No. 3, pp. 215, Taf. 1-3, Uppsala & Stockholm, 1909.

Die Verwandtschaftsbeziehungen der Termiten, p. 208-213.
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part of the coal measures (Allegheny, North America), but the

youngest "Protoblattoiden" occur in the lower Permian formation

of Europe. Holmgren considers the termites to be in a distinct

order, the Isoptera.

The order Isoptera, according to Holmgren (1911)," is divided into

three families, the Protermitidfe, the Mesotermitidfe, and the IVIeta-

termitidse. All of these families are represented in North America,

and while this paper is restricted to a discussion of species of the

genus Leucotermes Silvestri, subfamily Leucotermitinae Holmgren,

family Mesotermitidae Holmgren, a species in the genus Termopsis

Heer, subfamily Termopsinae Holmgren, family Protermitidae Holm-
gren, is briefly mentioned. Thus it will be seen that the species

under observation occupy a middle position between the highest

and the lowest genera in the systematic classification of termites.

HISTORICAL.

According to Desneux, Smeathman's marvelous descriptions in

Some Account of the Termites Which Are Found in Africa and Other

Hot Climates (London, 1781) are the real basis of scientific re-

searches on the biology of termites.^ Hagen '^ gives a resume of the

researches on termites up to 1860. Drummond's Tropical Africa

(London, 1889), in chapter 6, gives an interesting account of ''wliite

ants." Froggatt, in AustraUan Termitidae,'^ gives a resume of the

studies of various workers on termites. Saville-Kent, in Chapter

III of the Naturalist in Australia (London, 1897), describes the

habits of termites in the Tropics; Smeathman, Drummond, and

Saville-Kent in their popular accounts of termites stimulated interest

in the habits of these insects and led to scientific researches, Grassi

and Sandias,* in their classical work, have outlined the results of

the more important biological researches. Sharp-'' gives an excellent

a Holmgren, N. Termitenstudien 2. Systematik der Termiten. K. Svenska

Vetensk. Akad. Handl., Bd. 46, No.6, pp. 86, Taf. 1-6, Uppsala & Stockholm, 1911.

Ordniing Is()])tera, p. 10-11.

b Smeathman, II. Some accoimt of the termites, which are found in Africa and

other hot climates. In Philos. Trans. London, v. 71, p. 139-192, 3 pis., 1781. (Smeath-

man's observations were afterwards confirmed by Savage in 1850 and the late G. D.

Haviland.

)

c Hagen, H. A. Monographie der termiten. Linliaca Entomologica, v. 10, 1855,

p. 1-144, 270-325; v. 12, 1858, p. 1-342, pi. 3; v. 14, 1860, p. 73-128.

d Froggatt, W. W. Australian Termitidae, Part I. Proc. Linn. Soc. N. S. Wales,

V. 10, ser. 2, p. 415-438, July 31, 1895. Distribution, p. 416-426.

c Grassi, B., and Sandias, A. The constitution and development of the society of

termites; observations on their habits; with api)endices on the parasitic protozoa of

Termitidae and on the Embiidte translated by F. H. Blandford. Quart. Jour.

Micros. Sci. [London], v. 39, pt. 3, n. s., p. 245-322, fold. pi. 16-20, November, 1896,

and V. 40, pt. 1, p. 1-75, April, 1897.

/Sharp, D. Cambridge Nat. Hist., vol. 5, Insects, Pt. 1, chap. 16, p. 356-390, Lon-

don, 1901.
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summary of the various writings on temiites up to 1901. Escherich"

gives a resume of the more important work up to 1909, and also an ex-

tensive bibliography. Holmgren's treatise ^ deals with anatomy, sys-

tematic classification, development, and biology, and gives a summary
of the effect of the social life, as shown in the progressive and retro-

gressive development of termites. Bugnion '^' ^ has recently made
observations that lead him to state that (in Eutermes lacustris

Bugnion and Termes spp.) the differentiation of the three castes

occurs in the embryo. Feytaud ^ has published an account of the

life history of Leucotermes lucifugus Rossi, a species closely related

to our common species of the eastern United States, His observa-

tions confii'm those of Heath on the same species in this country.

He also made studies of the internal anatomy. The more important

contributions to our knowledge of termites are the results of re-

searches by Bobe-Moreau, Bugnion, Czervinski, Desneux, Dofl^in,

Drummond, Escherich, Feytaud, Froggatt, Grassi and Sandias,

Hagen, Haldemann, Haviland, Holmgren, Jehring, Latreille, Leidy,

Lespes, Fritz Miiller, Perez, Ferris, Fetch, Rosen, Savage, Silvestri,

Sjostedt, Smeathman, Wasmann, and many others. In the United
States, Banks, Buckley, Hagen, Heath, Howard, Hubbard, Joutel,

Knower, Marlatt, Porter, Schaeffer, Schwarz, Scudder, Stokes, Strick-

land, and Wheeler have contributed to the knowbdge of the habits

of our native species. The following paragraph gives a brief resume
of the more important researches on the biology of the common
species of Leucotermes in the United States.

H. A. Hagen contributed several articles on the habits oi Jlavipes,

and has described forms ^'C found by the late Mr. H. G. Hubbard, of

the Division of Entomology. Hubbard, man}^ of whose unpublished

notes arc herein included, was the first to fuid royal individaals, both

a Escherich, K. Die Termiten . . . eine biologische Studie, p. 2-7, Leipzig,

1909.

& Holmgren, N. Termitenstudien 3. Systematik der Termiten. Die Familie

Metatermitidse. K. Svenska Vetensk. Akad, Handl., Bd. 48, No. 4, 166 p., Taf.

1-4, Uppsala & Stockholm, 1912.

Blick auf dem mutmasslichen, stammesgeschichtlichen Entwicklungsverlauf der

Termiten, p. 129-153.

Holmgren, N. Termitenstudien 2. Systematik der Termiten. K. Svenska
Vetensk. Akad. Handl., Bd. 46, No. 6, pp. 86, Taf. 1-6, Uppsala & Stockholm, 1911.

Ordnung Isoptera, p. 10-11.

c Bugnion, E. La differenciation des castes chez les termites [Nevr.]. Bui. Soc.

Ent. France, 1913, no. 8, p. 213-218, April 23, 1913.

<i Bugnion, E. Les termites de Ceylan. Le Globe: Memoires, Soc. Geog. Geneva,

t. 52, p. 24-58, 1913.

«Loc. cit.

/Hagen, H. A. The probable danger from white ants. Amer. Nat., v. 10, No. 7,

p. 401-410, July, 1876.

ff Riley, C. V. Social insects from psychical and evolutional points of view. Proc.

Biol. Soc. Wash., v. 9, p. 1-74, figs. 12, April, 1894.
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true and neotcinic, in the United States, and his material forms an

important auxihary to later investigations. Much of Hubbard's col-

lectmg in Florida and Arizona was done in company with Mr. E. A.

Schwarz, of the Bureau of Entomology,who has smce published "^ some
of his observations on the habits of termites in southwestern Texas.

The Rev.F.L.OdenbachjS. J., of Cleveland, Ohio, has studied the hab-

its of our native species of termites since 1893, and has contributed

manymanuscript notes. Mr. L. H. Joutel, of New York, has studied the

habits of our common species ^ and has contributed some unpubhshed
notes. Dr. H. McE. Knower,'^late of Johns Hopkins University, in 1894

published new and important contributions on the embryology of ter-

mites (Eutermes) . His observations are not in accord with those of

Bugnion, since he determined that the nasutus develops from a

worker-like larva nearly as large as a young nasutus, havmg 13

joints to the antenna and worker-like head and jaws. This worker-

like larva had a small head gland \\dth no "corne frontale" on the

outside of the head, although sections shovv^ essentially the same
structure in the gland as that of the nasutus. Mr. C. Schaeffer, of

Brooklyn, N. Y., was the first to record '^ the presence of a fertUized

true queen oi favipes in a colony. The researches ^ of Dr. Harold

Heath, of Stanford University, Cal., on the habits of California ter-

mites confirm the statements of Perez and Ferris that some colon-

izing individuals of Leucotermes lucifugus succeed in establishing new
colonies. Mr. Nathan Banks, of the Bureau of Entomology, has

contributed several articles on our native termites, and has described

a new species of Leucotermes (virginicus) i from the eastern United

States. Mr. C. L. Marlatt, assistant chief of the Bureau of Ento-

mology, has described the distribution, life history, and destructive-

iiess of Jlavipes in the United States and figured the castes.^' Mr.

E. H. Strickland,'^ Carnegie scholar in economic entomology at Bos-

" Schwarz, E. A. Termitidse observed in southwestern Texas in 1895. Proc. Ent.

Soc. Wash., V. 4, No. 1, p. 38^2, Nov. 5, 1896.

b Joutel, L. H. Some notes on the ravages of the white ant ( Terwcsfaripes). Jour.

N. Y. Ent. Soc, v. 1, No. 2, p. 89-90, June, 1893.

c Knower, H. McE. Origin of the "Nasutus" (soldier) of Eutermes. Johns Ih)p-

kins Univ. Circ, v. 13, No. Ill, p. 58-59, April, 1894.

d Schaeffer, C. Jour. N. Y. Ent. Soc, v. 10, No. 4, p. 251, December, 1902.

e Heath, Harold. The habits of California termites. Biol. Bui., v. 4, No. 2, p.

47-63, January, 1903.

/Banks, N. A new species of termes. Ent. News, v. 18, No. 9, p. 392-393,

November, 1907.

? Marlatt, C. L. The "White Ant (Termes Jlavipes, Koll.). U. S. Dept. Agr., Bur.

Ent., Circ, No. 50, rev. ed., pp. 8, figs. 4, June 27, 1908.

ft Strickland, E. H. A quiescent stage in the development of Termes favipes

Kollar. Jour. N. Y. Ent. Soc, v. 19, No. 4, j). 256-259, December, 1911.
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ton, Mass., has described and illustrated a quiescent stage in the

development of the nymph of the first form of Leucotermes Jlavipes,

which stage was discovered by Prof. W. M. Wheeler, of Bussey Insti-

tute.

While investigating damage to the bases of telegraph poles by

wood-boring insects a large fertilized true queen of Leucotermes

Jlavipes was found by the writer on August 12, IDIO.'^ The finding of

this interesting form, usually considered to be rare in colonies of our

native termites, served as an incentive to further biological study on

the habits of our common species. On August 11, 1911, molting

Fig. 4.—View at Falls Church, Va., showing a portion of the treated experimental stakes under test,

as to the relative effectiveness of preventives against termite attack. ( Original
.

)

larvae in the quiescent stage were observed by the waiter for the first

time, in a colony in Illinois. Special investigations were begun at

Falls Church, Va., in March, 1912, to determine (1) the habits of our

common termites, (2) the effectiveness of various methods and chem-

ical wood preservatives in preventing attack by our native termites

(fig. 4), and (3) the "immunity" (?)^ or relative resistance of native

and tropical species of wood.*^

a Snyder, T. E. Record of the finding of a true queen of Trrmes flavipes Kol.

Proc. Ent. Soc. Wash., v. 14, No. 2, p. 107-lOS, June 19, 1912.

b It is doubtful if any species of native wood of economic importance is absohitely

immune to termite attack.

c Impregnation of wood to resist insect attack. Amer. Lumberman, Nov. 15, 1913
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BIOLOGICAL EXPERIMENTS.

THE TERMITARIUM.

Early in March, 1912, work was begun on a large outdoor termi-

tarium, at Falls Church, Va. The projects outUned for study in

connection with the termitarium were (1) to observe the progressive

development of the termite from the larva to the adult, especially

in the case of the colonizing form; (2y to watch the insects when they
swarmed, to determine whether this swarming is a nuptial flight,

i. e., whether or not the sexes leave the nests in separate swarms
and at what time copulation occurs; (3) to observe how the new col-

ony is estabUshed, (4) in what proportion the pairs survive, and (5)

the conditions in the parent colony after the swarm is over.

The termitarium was merely a large cage in which the termites

could swarm under conditions as nearly similar to those in nature

as possible. The cage consisted of a bottom of galvanized iron in

the form of a rectilinear box sunk in the ground to the depth of a

foot, a framework of wood to support the wire netting, and a wooden
roof covered with tarred paper. The bottom of the cage consisted

of a galvanized-iron box 10 by 6 feet and 1 foot deep, of 27-gauge

galvanized sheet iron with an inch flange turned inwards. (Fig. 5, a.)

This box was raised off the ground on a wooden floor of seven-eighths

inch material, 4 inches wide, which was laid on 2 by 4 inch studding.

There was an air space of 1 inch between the sides of the box and the

earth, as well as a similar space between the sheet-iron bottom and
the earth. The top of the sheet-iron box was nailed to a framework
of 2 by 4 inch studding, which was supported on cedar posts, the top

of the box being several inches above the surface of the ground.

Loose earth was placed in the box to about half its depth, over which
was spread a shallow layer of black earth (leaf mold) from tlie forest

floor, for the purpose of retaining moisture. The wooden framework
consisted of 2 by 4 inch studding, which was covered on the inside

with galvanized-^\^re netting (14 squares mesh per inch) and rein-

forced at the side and ends by boards 4 inches wide by seven-eighths

inch thick. The cage is about 7 feet in height, and the roof, slanting

away from a shed against which it is built, acquires sufTicient pitch

to shed rainfall. (Fig. 5, h.)

Two chestnut logs which had been cut and allowed to season

about one month before the experiment was begun were placed in

the cage. One was placed on end in the dirt, the top of the log

approximating the height of a stump, while the other, a tangential

section, was partially buried in the ground. The bark was loosened,

but was left intact on both logs. The logs were both sound, but
were kept moist. A number of small decaying branches and strips of

decaying chestnut boards were also laid flat upon the earth in the
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termitarium, after a careful examination to determine tliat no

termites were already present. The earth in the cage was kept

sufficiently moist in the endeavor, in so far as possible, to approxi-

mate natural conditions. (Fig. 5, c.)

The termitarium was ready for occupancy on April 8, and a chest-

nut log infested with a colony of Leucotermes Jlavipes was introduced.

This log had the bark on and was partially buried. On April 9 a

decaying oak stump containing a colony of the same species was

also placed in the cage and partially buried in the earth. Several

termite colonies in logs and stumps in the forest were kept under

observation at the same time, and seasoned logs and slabs with

loosened bark were placed near by under conditions similar to those

in the cage. The following notes are based on observations of

colonies of termites in the termitarium, colonies in small tin boxes,

and colonies in nature.

COMMUNAL. ORGANIZATION.

SITUATION OF THE NESTS,

Termites in the eastern United States usually make their nests in

decaying stumps or in logs and even small pieces of wood on the for-

est floor, although they also inhabit dead standing trees as well as

injured living trees. They neverform mounds as in the Tropics. These

soft-bodied insects always conceal themselves within wood or in

earth as n;^$m of protection against sunhght and their enemies, in

consequence of which much of the damage they do is hidden. Ter-

mites of the genus Leucotermes are essentially wood destroyers and

infest and seriously injure a great variety of crude and finished

forest products wliich are in contact wdth the ground. The longi-

tudinal excavations usually follow the grain of the wood,'' and in the

more sound wood their work is confined to the outer layers, where

there is abundant moisture and incipient decay. A protective outer

shell of wood is always left intact, since all except the winged, sexed,

colonizing forms shun the light and are blind. Small, transverse,

round tunnels which nearly pierce the outer shell are to be found

when their tunnels closely approach the exterior. Sometimes the

thickness of this protective shell is less than one-half milUmeter.

These may be soundings to see how nearly the surface is being ap-

proached, or merely unfinished excavations for the exit of the sexed

adults, or possibly they may be feeding burrows. Termites often

take advantage of the burrows of other wood-boring insects, enlarg-

ing and adapting them to their purposes; by these means they are

a Termite work can be readily distinguished from that ^f carpenter ants, whose ex-

cavations do not follow the grain. Sometimes in decayed wood, however, termites

construct long, deep, but narrow, transverse galleries across the grain, forming ledges

or shelves.
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Damage by Termites.

Pine barn sill cut into ribbons by Lettcotermes sp. at Mayfield, Kans. (Original.)



Bui. 94, Part II, Bureau of Entomology, U, S. Dept. of Agriculture. Plate VI.

Damage by Termites.

Living stag-headed chestnut tree, 50 feet in length, Falls Church, Va. a, Complete length of
tree showing stag top and lightning scar on side; b, view of interior showing heartwood
completely honeycombed ; r. view of north side of tree showing width of scar, and honey-
combed interior (Original.)
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able to penetrate more rapidly to the heartwood and honeyconih the

interior.

Termites quickly disintegrate the wood of dead trees and stumps,

which soon becomes converted to humus, the rapidity with which

this is done depending on the relative resistance of the species of

wood. This beneficial role in nature, however, is offset by the enor-

mous destruction they accomplish in rapidly rendering insect, fire,

and disease killed timber unmerchantable and by the damage they

inflict to the roots and trunks of injured living trees. Termites will

infest the heartwood of living trees injured at the base by fire, dis-

ease, or other insects (PI. Ill), and sometimes in such trees they

excavate upward, throughout the dead heartwood, longitudinal tun-

nels, irregular in diameter, the sides of which are lined with earth

mixed with excrement. These insects also infest the roots of living

trees, finding ingress through abandoned burrows of the large,

roundheaded (Prionid) borers. Sometimes they girdle young trees

—

forest-tree nursery stock, for example—eventually cutting the trees

off near the ground, examination disclosing that the stems were

honeycombed. This is not necessarily due to the presence of dead
wood near by, since termites will tunnel for long distances under-

ground. While usually confining their work to moist or decaying

timber or to vegetable material of any sort, and to books (PI. IV)

and papers that are somewhat moist, termites will attack seasoned,

dry wood, provided there is access to moisture elsewhere; i. e., thoy

use moist frass and earth in extending the burrows, thus creating

more favorable conditions. In the Southern States termites will

infest the bark and outer layers of the wood of the base of yellow

pines killed by barkbeetles before the foliage has all fallen; trees

that have been killed in the spring and show reddish-brown needles

and much fallen foliage being infested by the middle of August.

Trees killed in the spring will also have the outer layers of wood of

the base honeycombed by the following December. (Fig. 6.) The
larger- celled, thin-walled spring wood is eaten away first, leaving the

smaller- celled, harder summer wood uneaten. (PI. V.)

Wliere the heartwood is decayed in a standing living tree termites

will work for a considerable distance above the ground, completely

honeycombing the heartwood. In a living chestnut tree at Falls

Church, Va., with the decayed heartwood exposed in a long scar,

termites had infested the heartwood to a height of from 45 to 50 feet

above the ground. The outer shell of hving sapwood was intact.

(PI. VI.)

Termites are quite effective in clearing fields of old snags and
stumps, but this benefit is offset by the damage they do to posts an4
buildings.

62896°—Bull. 94. ])t 2—15 2
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Tcniiites (Leucotermes spp.) also inhabit subterranean passages.

Drummond has compared tropical species of termites to earthworms
and declared that the}^ are equally as beneficial to man in aerating
the soil. After swarming, many of tlie sexed adults excavate shallow
cells in the earth imdcr small pieces of decaying wood, and later enter
the wood. The royal cell is constructed in deca}nng wood or in the

earth slightly below the surface of

the ground. Termites usually in-

fest wood by entering from the

ground underneath, rather than
directly on the exposed surface, the

latter being usually the habit at the

time of the swarm. (Tcrmopsis

angusticollis Walk, usually infests

wood by gainmg ingress through

wounds and abrasions.) None of

the sound traplogs with loose bark

in the termitarium or in tlie forest

was infested except at the point of

contact with the groimd, but ter-

mites in pairs have been found un-

der loose split bark on decaying

logs where more moisture was pres-

ent. Workers and sohUors are fre-

cpiently to be found in the spring

in small pieces of decaying wood
lying on the ground, and termites

probably extend old colonies or es-

tal)lish new colonies by means of

subterranean tunnels. Durmg the

winter the members of the colony

are to be found in a labyrinth of

undergound passages.

These excavations are of var}4ng

size and shape, and extend in all (h-

rections. Some of the tunnels are

partitioned off into separate cham-

bers, while others are unpartitioned

runways. In the main runways the very young are absent. The

partitions consist either of uneaten portions of the wood or small coni-

cal piles of moist earth mixed with frass (excreted, finely digested

wood) of clay-hke consistency. Sometimes in broad, shallow chan-

nels a small irregular mass nearly blocks the channel. The sides of

the channels are smooth, and the uneaten masses of wood which

serve as barricades appear as httle islands and are distinct because of

Fig. 6.—Work of termites in insect-killed southern

yellow pine. Tree killed in the spring; wood at

base honeycombed by following December.
Spartanburg, S. C. (Original.)
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the rough appearance due to the pores and cell walls of the wood.

The walls of these channels are spotted with little piles of finely

digested, excreted wood, giving the wood a characteristic mottled

appearance.

Large cavities encountered by termites when working in the wood
of logs, poles, or trees with decayed heartwood or hollow core are

usually filled up with moist earth raixed with frass, the whole having

a clay-like consistency and a conglomerate appearance due to the

irregular deposits of excreted, finely digested wood. The "doty"
hollow cores in the bases of infested poles are filled up in this manner.

In aU their operations the termites carefuUy waU up and conceal

themselves. Usually there is but little evidence on the exterior of

infested wood to indicate the presence of termites, and they may not

be detected until the interior is completely honeycombed. Sexed
adults swarming from infested buildings are always a warning of their

presence. Again, the outer surface is covered over with longitudinal

viaducts of small diameter constructed of earth (PI. VII, figs. 1 and 2),

and whereas the interior channel is smooth, the exterior has a rough
granular appearance. These viaducts are resorted to in order to

extend the colony or to reach some object, such as decayed wood, or

when their pathway crosses some impenetrable substance, the object,

of course, being always protection from the light—all except the

winged sexed adults shun the light—and their numerous enemies.

Viaducts, or "sheds," can be seen nmning up to a considerable height

above the ground in the longitudinal weathering checks on poles and
posts, as well as between the crevices in the bark of infested dead
and living trees, and uncovered viaducts are found imder the loose

bark on dead trees. Viaducts in the interior of hollow-cored poles or

trees may bo of large diameter and may consist of several irregular

longitudinal interior channels.

Termites sometimes resort to another type of viaduct, which for

descriptive purposes may be called suspended tubes. On May 26,

1912, at Elkins, W. Va., Dr. A. D. Hopkins found termite tubes of earth,

5 to 6 inches long, hanging from the end of a Virginia scrub pine

sapling which had fallen, leaving the broken base 2 feet from the

ground. The termites had evidently infested the base of the sapling

through the ground before it fell and were trying to make connection
with the ground by means of these suspended tubes. (Figs. 7 and 8.)

These covered viaducts or sheds, the uncovered viaducts, and the
tubes—all constructed by termites of earth and excreted wood—are

fragile.

NUMBER OF INDIVIDUALS IN COLONIES.

Young colonies of Leucotermes Jlavipes—that is, colonies but
recently established, in decaying wood or in the ground under decay-
ing wood, by sexed couples that have swarmed—^are small, and since

the rate of egg-laying by the young queens is remarkably slow, the
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increase in numbers is also correspondingly slow. Observations of

such incipient colonies in the spring of 1912 and 1913, after the swarm,

the time of which varies with the season, from the middle of June to

early July, indicate that from 6 to 12 eggs are normally to be found

with pairs of flavipes. While the brood first hatched is relatively

small, contrary to the habits in the other social insects coition is

repeated and the young colony gradually increases in numbers.

On April 25, 1912, at Falls Church, Va., a small colony or sub-

colony of Leucotermes Jlavipes, the branch of a larger colony, was
found under a small chestnut slab sunken in the ground. The day
was warm and bright and many members of the colony were congre-

FiG. 7.—Suspended tubes, constructed by termites of earth and excreted wood.

(Original.)

gated under the slab above ground. An attempt was made to cap-

ture the entire colony in order that the relative proportions of the

various castes might be ascertained. Although nymphs of the first

form constituted the most abundant caste, some few transforming

nymphs and a few sexed adults were present, as well as a few workers

and soldiers. Workers constituted the second most abundant caste.

Nymphs of the second form appeared more active than the

nymphs of the first form. The following j)ossibly is not a fair state-

ment, either of the number of individuals in the colony or the rela-

tive proportions of the different castes, since (1) the nymphs were

probably above ground to take advantage of the warm afternoon

sun which would aid their development—a common procedure; (2)

only a few workers and soldiers were necessary to attend them and
no doubt many more were still in the subterranean passages; (3)
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mail}' escaped and the workers woidd escape more easily than the

nymphs; (4) probably, unconsciously, more effort was made to cap-

ture nymphs and soldiers than workers. The following figures,

however, will probably approximate the relative abundance of castes.

Nymphs of the first form, 279; nymphs of the second form, 86;

nymphs of the first form in the quiescent stage, 31 ; individuals in the

stage following, that is, with wings unfolded and held away from the

body, 3; immature sexed adults without pigmentation, 17; immature
sexed adults with gray pigmentation, 26; nearly mature adults, 5;

nymphs of the second form molting, 4; workers, 93; soldiers, 24;

the total being 568. Nymphs of the second form were only one-

fourth as numerous as nymphs of the primary form, and, including

all stages to sexed

adults, gave a count

of 90 to 361, respec-

tively.

On March 22, 1913,

at Black Mountain,

N. C, nymphs of the

second form (Jiavipes)

taken in a small de-

caying oak branch on

the ground greatly

outnumbered nymphs
of the first form, al-

though usually the lat-

ter is by far the more
numerous form.

Due to the wander-
ing habits of species of

this genus, it is difficult to estimate the size and extent of an old,

well-established colony, which may branch out over several acres of
ground. « However, the number of individuals in well-estabhshed,
permanent colonies probably runs up into the ten thousands, since
from 5,000 to 10,000 (estimated) eggs, scatteringly or in clusters the
size of a pea, were found in a large colony of Leucotermes virginicus
near Chain Bridge, Va., on June 19, 1913. This colony, which was
in a large decaying black oak log, consisted of a large number of
workers and soldiers, and numerous larvae.

THE DIFFERENT CASTES POLYMORPHISM.
In a termite colony there are several different forms, or castes, of

mature individuals, as well as those of different castes in the various
stages of development. The castes are the workers, the soldiers, the

a The spreading out of a colony is largely due to increase in numbers and consequent
need of fresh supply of food; that is, decaying wood.

Fig. S.—Broken-off pine sapling from basal end of which tubes in fig-

ure 7 were suspended by termites toward stump. (Original.)
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colonizing winged adults of both sexes, the supplementary or neo-

teinic'^ reproductive forms (often in large numbers), both "ergatoids"

and nymphal ' 'neotenes," and the single true royal pair. Besides these

mature forms there are freshly hatched, undifferentiated larvas, differ-

entiated larvae, and nymphs of the first and second forms. Of course,

all these forms are not present in a colony at the same time, as there

is seasonal variation.

Workers are developed from larvae that will not mature the sexual

organs, but, unlike the bees, are of both sexes. They are dirty white

in color, are large-headed and soft-bodied, wdth 10 segments to the

abdomen, and at maturity are approximately 5 millimeters m length

ill Jlavipes and 3.5 millimeters in virginicus. The antemiae consist of

15 to 17 segments exclusive of the base in Jlavipes and 13 to 15 in

virginicus. The workers constitute the most injurious wood-de-

stroying form and have well-developed mandibles. The left man-
dible has five pointed teeth, the fifth tooth with a broad base, and the

inner margin having parallel carinas The right mandible has two
pointed teeth, the third and fourth teeth being broad, and the fourth

w^ith parallel carinte. The mandibles evidently have both tearing

and rasping functions. The labrum is rounded. The worker ter-

mites possess a large intestinal paunch and the contents enable the

outline of this paunch to be seen through the tissue of the abdomen.

Workers are blind.

Soldier termites (fig. 9, a) are more highly specialized workers,

being also developed from large-headed workerlike larvae that will

not mature the sexual organs, and the caste is represented by both

sexes. While they are soft-bodied, the head, which is pigmented

yellowish-brown, is chitinized and is more oblong and elongate than

in the worker, tapering slightly toward the apex, or ])eing slightly

broader at the base. The mandibles, which are enormously devel-

oped, are long, slender, saberlike, with no marginal teeth, chitinized,

and of a yellow ish-brown color. The body is of a dirty white or pale

yellowish color. The labrum of the soldier is more narrow than

that in the worker, elongate, and subelliptical. The "menton,"
which is chitinized, is convex, elongate, and more slender in com-

parison with the worker. Mature soldiers are from 6 to 7 millimeters

in length in flavi'pes and 4.5 to 5 millimeters in length in virginicus.

The antenna has from 14 to 17 segments in Jlavipes and 15 segments

in virginicus. The soldiers, as well as the sexed adults, of these two

aGrassi, B., and Sanclias, A. Op. cit., p. 249: "The term neoteinia has been intro-

duced by Camerano (Bui. Soc. Ent. Ital. [v. 17], 1885, pp. 89-94) to denote the per-

sistence during adult life of part or all of the characteristics normally peculiar to the

immature, growing, or larval stages. * * * Neoteinia, or the ])ersistence of larval

characteristics, does not necessarily imply that anticipation of sexual maturity which

is iisually connoted with the use of the term psedogenesis, which, moreover, is

strictly ajjplied to agamic reproductions."
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species can be differentiated. The soldiers, like the workers, are

wingless and blind. Individuals of both castes complete their devel-

opment in less than a year.

The nymphs of the reproductive form develop from larvse that will

mature the sexual organs. The term '^nymph" is applicable,
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according to Lespes and Hagen, to individuals "with the wing-

rudiments easily distinguishable to the naked eye."'^ Individuals

the wing-rudiments of which are present, but onh^ distinguishable

when under magnification, are termed larvae. Nymphs are white

« Grassi, B., and Sandias, A. Op. cit., ]>. 2G4.



30 INSECTS INJURIOUS TO FORESTS.

and soft-bodied, and when fully developed and ready to molt for the

last tune are from 7 to 7.5 millimeters in length in jiai^ipes and 4.5

to 5 millimeters in virginicus. In favipes the antenna consists of

from 16 to 17 and in virginicus from 14 to 15 segments. The man-
dibles are practically the same as in the worker, and are probably

very necessary in effecting an exit from the old colon3^ R. D. Grant

states'^ that in a Missouri Pacific Railroad Co. engine house the

rafters were injured and the cement of the brick walls built 14 years

previously was perforated. Mr. C. L. IMarlatt has spechnens of

plaster which was laid on metal lathing in a building at Charlotte,

N. C, which had been mined in order to allow the winged adults to

escape from heavy wooden beams which had been honeycombed.

Also, in the establislnnent of the new colony the young royal couple

have the excavating to do.

There are two forms of monphs (PI. VIII, figs. 3, a, h), namely, the

primary form, with elongate wing pads, that develops into the winged

sexed adult, and the "second form" (Lespes), wdth short wing pads

—

mere buds—which represents an arrested early stage of the nymph
of the primary form, or even a larva. Nymphs of the secondary

form are slightly more elongate, and develop the sexual organs

without progressing further, instead of completing their normal

development to the winged, pigmented, sexed adults that swarm.

These nymphs, after becoming sexually mature and attaining a straw-

colored pigmentation—normally after the nymphs of the primary

form have developed to sexed adults—become supplementary royal

individuals, kings, and queens, but never (?) leave the parent colony.

They do not possess functional eyes.

The sexed individuals, when ready to swarm, are castaneous-black

or light brown in color, have two pairs of long, filmy \\dngs, and are

so chitinized that they can bear full sunlight. They possess both

functional compound eyes and simple eyes or ocelli. The body—ex-

cluding the wings, which are slightly longer than the entire insect

and project some distance beyond the abdomen when "in situ "—is

slightly less in length than in the case of the nymphs. The entire

body of the sexed individual is from 9 to 10 millimeters in length in

jlavipes and from 7.5 to 8 millimeters in length in virginicus. There

are from 16 to 18 segments to the antenna \\\ jlavipes and from 15 to

16 antennal segments in virginicus. The sexes are as easily distin-

guishable as in the case of fully developed nymphs. "(1) The sev-

enth [abdominal sternitc] (the apparent sixth) is strongly developed

and semicircular, with the rounded edge posterior in the female and

very short in the male. (2) The eighth sternite, which is reduced

to two lateral lobes in the female, is small and entire in the male.

a Grant, R. D. Jour. Proc. Acad. Sci. St. Louip, v. 3, p. crlxix, November 19, 1877.
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(3) 'Jlio ninth stcrnite nearly resembles the eighth."" The genital
" .ippondiccs" in the male are attached to "what is a{)parently the

eighth, but is really the ninth sternite, the first being fused with the

metasternum."^ There are two segmented appendages, or cerci, at-

tached to the abdomen. After swarming, the sexed adults become
royal individuals.

Larvae, or young, are undifferentiated individuals wliich, after

further development, attaining chitinization and pigmentation, change

to differentiated individuals. The larvae, like all the other stages of

termites, are active. When young or freshly molted the individuals

are more transparent and white and the segmentation of the body at

this stage is more sharply defined. ''The younger the individual, or

the more recent its ecdysis, the thinner is the chitin." '^ The term

larva is applied (1) to any individual which has not yet attained full

size, mature chitinization, and pigmentation; (2) in the case of the

sexed individuals, to those with the wing-rudiments not easily dis-

tinguisha])le to the naked eye; and (3) in case of the soldier, to the

large-headed, undifferentiated, workerlike forms.

The eggs are white, slightly reniform, and those laid by true queens
(queens that have swarmed) are approxiniatidy 1 millimeter in length

in jiavipes. The eggs are usually fomid in clusters or scattered

singly in the galleries.

THE SENSE ORGANS.

Termites are essentially subterranean in habit and in consequence

all castes of Leucotermes are blind except the colonizmg individuals.

The soldiers have compound eyes, but without pigmentation; in

some neoteinic royal individuals the pigmentation of the compound
eye is not visible to the naked eye (PI. VIII, fig. 2, a), but in most
cases there is a slight pigmentation of variable mtensity. All castes

except the colonizmg individuals shun the light.

Although blind, termites are known to possess other sense organs.'^

The antennae are important tactile sense organs, and often individuals

may be seen feeling their way by means of these appendages. The
antennae of the colonizing individuals are pitted, and from these

pits, which appear as white depressions on the pigmented antennal

segments, prominent hairs arise. A. C. Stokes, in an article entitled

"The sense organs on the legs of Termes Jiavipes Koll.,"« describes

"Grassi, B., and Sandias, A. Op. cit., p. .306.

blhid., p. 271.

clbid., p. 256.

<i Muller, Fritz. Beitriige zur keiintniss der Termiten. Jenaische Ztschr, Bd. 9

(n. F. Bd. 2), p. 241-264, pi. 10-13, Mai 8, 1875. See p. 254, pi. 12, figs. 32, .34.

« Stokes, Alfred C. The sense-organs on the legs of our white ants, Termes Jiavipes

Koll. Science, v. 22, no. 563, p. 273-276, illup., November 17, 1893.
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and figures "sensory hairs"; "sensory pits"; "tibial spurs with

prominent basal apertures, across which extends a dehcate membrane
(auditory organs?)"; "pilose depressions"; "surface markings";

etc. Grassi "> mentions tactile, "very long, fine, readily vibratile

hairs" on the body, and states {hat the cerci also appear to be "es-

sentially tactile." It is beheved that there is a relation between the

convulsive movements frequently observed, that is, the sudden

jorkmg of the whole body, and these sense organs, and that indi-

viduals are thus enabled to communicate, or at least give danger

or distress signals. The convulsive movements made by the workers

and soldiers, when the royal pair are disturbed in the ceU, are very

violent and indicate great agitation.

There is a characteristic musty or acrid odor which can be easily

detected in colonies of Leucotermes, and individuals frequently

can be seen to follow directly in the path taken by others, but as

termites usually travel in wcU-worn channels this may be duo to

tactile sense alone.

THE FUNCTIONS OF THE CASTES.

The social economy of termites is somewhat similar to that of other

social msects, although m many respects totally different. Undif-

ferentiated young hatch from the eggs, are active, and in turn trans-

form to the differentiated individuals of the castes after a series of

quiescent stages and molts.

As the name imphes, the workers are those individuals that make
the excavations, extend the colony, and care for and protect the

royal couples and young.

The soldiers, more highly speciaMzed workers, are of less importance

fimctionaUy than the workers—just as the anther transformed to the

petal in the common pond hly, Castalia sp., is less important function-

ally than the other anthers—yet both serve a purpose. Just before the

time of swarming, the members of colonies become restless, and as

the sexed adults emerge numerous workers and soldiers congregate on

the outskirts of the colony near the exit holes with heads toward the

exterior. The duty of the soldiers is apparently entirely protective,

but thoy do not appear to be very effective, at least when the colony

is opened and they are exposed to the attack of ants, etc.

The pigmented, winged, sexed adults, developed from nymphs
of the first form, are the colonizing indi\aduals which swarm in

enormous numbers in the spring and found the new colonies, and

when finally cstabUshed at the head of a new colony, which they

have reared, they become the royal couple. Unlike other social

insects, the male continues to live, even after the fertihzation of the

female, and the king and queen inhabit the royal cell together, there

a Grassi, B., and Sandias, A. Op. cit., p. 267-2G9.
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being repeated coition. Termites are sometimes polygamous, at

least in incipient c(ilonies. Tlie yomig queens care for the young and

carry the newly hatched larvsB in their mouths to safer places in the

nest when the colonies are disturbed. (Nymphs of the first form also

have been seen performing this duty in old colonies.) The workers

attend the larvae in old colonies.

In the Ufe cycle of termites, however, there is so much variation in

the development of the castes that it leads to a rather complex life

history. Young are kept in a retarded, undifferentiated state and can

speedily bo turned into sul)stitute reproductive forms of both sexes.

These nooteinic royal individuals are used (1) as substitutes for the

true royalty that have swarmed and (2) in splitting up the old colony

into new and independent colonies. Fully developed nymphs of the

second form are to by found in colonies in the spring. They never

complete their normal development, which consists of the acquisition

of %vings and the mature pigmantation, but assume the characteristic

pale straw color after the final molt. The sexual organs are developed

after the acquisition of pigmentation. They become neoteinic repro-

ductive forms, but always (?) remain in the parent colony.

Each caste has a distinct function, there being a w^ell-defined

division of labor, which, however, is not strictly adhered to. Ter-

mites properly represent the phenomenon of polymorpliism, i. e.,

"species in which one or both of the sexes appear under two or more
distinct forms,"" both sexe;; l)eing equally polymorphic.

THE LIFE CYCLE.

THE METAMORPHOSIS—CASTE DIFFERENTIATION.

The metamorphosis of termites, while formerly considered to be a

contrastingly simple type of insect development, is in reality very

complex; indeed, there may be said to be different t3rpes of develop-

ment for the castes. In the development of the worker, as in the

order Thysanura, there is no external change or metamorphosis, the

freslily hatched worker larva being active and of the same form as

the adult worker. In the development of the soldier, however,

marked changes in form occur, the mature soldier, with pigmented

head and saberlike mandibles, being developed from a large-headed,

white, w^orkorlike larva (PI. IX). The winged, pigmented, sexed

adult is developed from a small-headed, white larva, there being a

still more radical change. However, what may popularly be termed

the "antlike" form can be distinguished in all stages in the devel-

opment of all the castes, hence termites can hardly be classed with

insects with '' complete metamorphosis ' as the true ants, where there

« WTieeler, W. M. Concerning the polymorphism of ants. Bui. Amer. Mus. Nat.

Hist., V. 23, p. 50-93, 6 pis., January, 1907. See p. 50.



34 INSECTS INJURIOUS TO FORESTS.

are the three successive stages of larva, pupa, and adult, although

termites pass tlirough pupalike "quiescent" stages m the moltmg of

larvae and nymphs, with temporary periods of inactivity. Further-

more, great variation is possible in the metamorphosis, as is seen in the

development of " neoteinic" or "supplementary" reproductive forms,

as the "neotenes" and "ergatoids." Therefore, in general, termites

may be classed with insects having "incomplete metamorphosis,"

as the locusts and roaches. In this type of development the form of

the body is always essentially the same as that of the adults. The

development of the larva and nymph to the winged sexed adult ter-

mite greatly resembles the development of the locusts and roaches.

In the genus Leucotermes there is no apparent metamorphosis in

the case of individuals of the worker caste. The freshly hatched

worker larva is active, there being a very simple development. The

Fig. W.—Leucotermes flavipes: Quiescent stage of moltinf; larviie. Enlarged 10 times.

(Original.)

change from larva to adult is a gradual growth, the white, large-

headed larva passing through a series of ([uiesc<>nt stages and molts.

The adult worker is of a dirty grayish-white color. In the soldier

caste and the reproductive forms the metamorphosis is more com-

plicated, and marked changes in form occur durmg the development.

Young molting larvae in the "quiescent stage" '^ were first observed

by the Amter on August 11, 1911, near Jerseyville, 111., in a large,

wide, longitudinal chamud in the decaying heartwood of the butt of

a white cedar telegraph pole.^ Previous to the molt the larva falls

over on its side and passes through a (piiesc(mt stag(;, the Iwad being

bent do\\'n to lie on the ventral sich^ of the body along which the

antennae and legs, also, lie extended in a backward direction. This

gives the larva the appearance of being doubkul up (fig. 10). After

thci skin has hvon shed the larva resumes its normal activity.

« Strickland, E. H. Loc. cit.

b Snyder, T. E. Changes during quiescent stages in the metamorjihosiK nf ter-

mites. Science, n. s., vol. 38, No. 979, pp. 487-488, October 3, 1913.



Bui. 94, Part II, Bureau of Entomology, U. S. Dept. of Agriculture. Plate IX.

A:'J-t-«_

c

if i»«*

•̂••«•»»»

LEUCOTERMES VIRGINICUS and L. FLAVIPES.

Molting soldier nymphs: o, L. virrimicas, liead showing mandibles and iabriim of soldier nymph
just molted from workerlike larval form; b, L. flavipes, same at later molt; c, L. flaviiies, same
atlatermolt; (/, i./?a!7'pt's, mature soldier; d', ventral viewshowing convex, slender, chitinized,
pigmented "menton." Photograph from specimens in balsam slides. Enlarged 16 times.
(Original.)
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The antennae increase in the number of segments by the subequal

division of the third segment " independent of the molts in L. luci-

fugus Rossi.

In the metamorphosis of the soldier, as has been shown by Grassi "

{Calotermes Jlavicollis Fabricius and Leucotermes lucifugus Rossi),

Knower ^ (Eutermes sp.), and Heath ^ (Termopsis angusticollis Wal-

ker), there is a radical change from a large -headed larva to the

soldier caste. This change takes place during '' a quiescent stage.

The worker, like the soldier, also develops from a large-headed larva

;

that is, in the colony there are two types of larvae, the large-headed

and small-headed, the former normally developing to workers and

soldiers, while the latter become the reproductive forms. According

to Grassi there are four molts in the development of the asexual forms

of Leucotermes lucifugus, whereas the sexed forms pass through five

molts. Holmgren states'^ that in Leucotermes the soldiers are

polymorphic and originate « from at least five different larval stages,

while the polymorphic workers originate from three different larval

forms. The undifferentiated larvae present possibilities of develop-

ment in all directions, but the development of Leucotermes shows

that the breeding possibilities, while great, are by no means so great as

in Calotermes. This would indicate progressive development toward
stability, as is also indicated by the absence or rarity of neotenes and
ergatoids in the more highly developed termites (Termes and Euter-

a Grassi, B., and Sandias, A. Op. cit., p. 270.

?> Op. cit.

c Snyder, T. E. Loc. cit.

''Holmgren, N. Termitenstudien 3. Systematik der Termiten—Die Familie

Metatermitidse. K. Svenska Vetensk. Akad. Handl., Bd. 48, No. 4, pp. 166, 4 pis.,

Uppsala and Stockholm, 1912. Blick auf dem mutmasslichen, stammesgeschicht-

lichen Entwickhingsverlauf der Termiten, p. 129-153.

c The recent discovery by McClung, Stevens, and Wilson (Wilson, E. B., Heredity
and miscroscoplcal research: Science n. s., v. 37, No. 961, p. 814-826, May 30, 1913)

of the association of an odd number of chromosomes, in the divisions of the spermato-

cytes—that is, cells formed by the division of the "spermospore," the male germinal

cell—with the determination of sex may also be applicable to caste differentiation in

termites. ^Miefler (Wheeler, W. M., The polymorphism of ants, with an account
of some singular abnormalities due to parasitism: Bnl. Amer. Miis. Nat. Hist., v. 23,

p. 1-93, pis. 6, Jan., 1907), however, states, with reference to ants, that nourish-

ment, temperature, and other environmental factors merely furnish the conditions

f(ir the attainment of characters predetermined by heredity, that is, with Weismann
he believes that the characters that enable us to differentiate the castes must be repre-

sented in the egg, but with Emery he believes the adult characters to be represented

in the germ as dynamic potencies or tensions rather than moq:.hological or chemical
determinants. Holmgren states (o]). cit., p. 140) that in termites, as the result of

the method of feeding, three potential germ plasms are released in at least three direc-

tions * * * and that there must be a germ plasm correlation which finds its

expression in the caste correlation,
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mes), wherein, however, there may be several true queens" in the

one colony and where polygamy exists. In insects supposed to

represent the most primitive, or lowest and least developed, types

this is a rather complex metamorphosis. Here also there is much
variation in the life cycle and no strict rule is followed. (See chart.)

Apparently the individual development is entirely subservient to the

needs of the colony. This ability of adaptation of individual to

circumstance leads to a complex economy.

A representation^ of some of the successive stages in the development of the varionji forms
or castes in the life cycle of Lcucoterines flavipes Kollar asfound in colonies in the eastern

United States. All these reproductive forms are not present in the same colony at the

same time.

Eggs.

(A) (1) Young, undifferenliatcd larvae.

(B)(2) Large-headed larv'ae that (:!) I-arvae that will mature sexual (4) Rcserve.s for emergency repro-

will not mature sexual or- organs. ductive forms,

gans.
I

(C) (5) Larvae of
soldiers.

(()) L a r V !T! of (9) Nymphs of
workers. the first form

with long
wing pads.

(D) (7) Soldiers. (8) Workers.

(10) Nymphs
ofsecond form
(Lespfes) with
short wing
pads.

(12) W inged ,

p igmen ted,
sexed adults.

(1.;) The true
royal p a i r,

with wing
stubs.

(11) Reserves for emergency re-

productive forms.

(14)Nymphal (15)Nymphal (10) Larval
neoteinic sub- emergency emergency
slitute repro- substitute substitute.-11,1. 11 ID repro-
ductive forms

substitute
rep reductive
forms.

cy
substitute
r e p roductive
forms.

• See correlated forms of Leucotermcs lucifugus Rossi, nrassi, B., Kin w.eiterer Beitrag zur Kenntnis des
Termitenreiches. Zool. Anz, Bd. 12, No. 311, pp. 35.5-361, July S, 1,SS9. Ubcrsicht derim Tcrmitenstaate
vorkommcnden Formcn- Tirvus lucifugus, p. 360); id., Kin weitcrer Beitrag zur kenntniss der Termiten-
reiches. Ent. Nachr., Jahrg. 1.'), No. 14, pp. 213-219, July, Iss'J: Hohii^'ri'n.N ., Termitenstudien 3. Syste-

matik dcrTermitcn- Die Familie Metatermitidcc. K. isvenska \etciisk. Akad. Handl., Bd. 4S, No. 4,

p. 148, Scheme B , Uppsala iV: Stockholm, 1912 (table showing parallid evolution and at what molts changes
or development occur).

PROGRESSIVE DEVELOPMENT OF THE NYMPHS.

Colonies of Leucoterrnes spp. in the northeastern United States are

dormant during the winter, the insects retiring to the more remote

"John, O. Notes on some termites from Ceylon. Spolia Zeylanica, v. 9, pt. 34,

p. 102-116, 1913.

Riley, C. V. Termite economy. Troc;. Biol. Soc, Wat^h., v. 9, p. 71-74, April,

1894.

Escherich, K. Termitenlebcu auf Ceylon, Jena, 1911, i). 45-46.
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galleries in the wood or to the subterranean passages of the nests,

At Falls Church, Va., in 1912 it was not until March 11, in 1913.

February 20, and in 1914, March 23 that signs of activity were

observed in colonies of jiavipes. Nymphs of the first form with

"short wings" (Fritz Miiller) or ''wing pads" (Hagen) were present

on March 11, 1912. At this time the wing pads were well developed,

being about two and one-half times the length of the segment from

which they originated, and had a yellowish tinge. The antennae

consisted of from 16 to 17 segments, excluding the base, and the line

of demarcation between the basal segments was less distinct. On
March 29, 1912, the ocelli were visible in the nymphs; antennae,

head, and thorax were acquiring a tinge of yellowish-brown, and the

compound eyes were becoming pigmented—a reddish-brown. On
April 18, 1912, and April 8, 1913, at Falls Church, Va., nymphs of

the first form when fully developed and ready for the final molt

could be readily distinguished by the opaqueness of the elongated

wing pads, the filmy, yellowish-brown, loosening skin, which be-

comes separated from the body, particularly posteriorly, and the

reddish-brown pigmentation to the compound eyes. (PI. VIII,

fig. 1 , a.) The nymphs gradually increase in size and pass through a

series of molts and quiescent stages until the final molt, when the

wings are unfolded. Packard, who figures " the stages in the growth

of the wing in jiavijies, states that the wings are simply expansions.

During the latter part of April, 1912, nymphs with short wing pads,

or those of the second form (Lespes) (PI. VIII, fig. 3, b), were found in

colonies. Their antennae had from 1 6 to 17 segments. These nymphs
appear to be more active than nymphs of the first form and have
but slight pigmentation of the compound eye.

During the final molt—which occurred from April 18 to 27, 1912,

April 8 to 17, 1913, and April 22 to May 2, 1914, at Falls Church, Va.,

in case of the nymphs of the first form (Jiavipes)—nymphs of both the

first and second forms pass through a ''quiescent stage" ^ (Pis. X and
XI), which closely approaches the pupal stage of insects with com-
plete metamorphosis. This quiescent stage apparently serves the

same purpose as the pupal stage, since the most marked changes,

both external and internal, take place during this molt; it is, however,
of short duration. On April 18, 1912, the first nymphs (Jiavipes) in

this stage were observed in the outer layers '^ of a decaying stump. All

of the nymphs in this colony were fully developed, but very few had

a Packard, A. S. A textbook of entomology. New York, 1903, p. 140.

6 Strickland, E. IJ. Loc. cit.

c Larvae or nymphs in the quiescent state are usually to be found isolated in small

but deep, transverse conical nitches or shelves in the nest where they are not liable to

disturbance by the movements of the other members of the colony. Possibly they
seek out such secluded places, usually near the outlying galleries, beforehand, or may
be carried there while helpless, by the workers. Clusters of eggs are also found in

eimilar nitches.
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yot begun to molt. A large number were placed in a covered tin box

3^ by 5 by H inches, with disintegrated wood and moist earth in the

bottom. This was to be a check box, and the conditions here were

more natural than in the small corked vials, in which over 100 other

nymphs had been kept in the dark, one nymph to each vial. The

development of each nymph was watched and the time necessary for

the various changes from nymph to adult was noted. On June 8

fully developed nymphs of virginicus, with opaque wing pads, were

observed to molt in a similar manner. Nymphs in all stages described

iorjlavipes were observed molting until June 11.

As E. H. Strickland has already figured and described these

changes in the nymphs of the first form (Jiavipes), his accurate

description is here quoted in detail, with a few comments. Until

this description appeared, the quiescent stage in the development

from nymph to adult for this species was undescribed. His obser-

vations were made from nymphs collected in the neighborhood of

Boston, Mass., May 7, 1910.

The mature nym]5h becomes very sluggish and finally all movement ceases; it

then falls over on its side and the head is bent down till it lies on the ventral side

of the body, along which also the antennae and legs are extended in a backward

direction, * * * while the wing pads are bent downward till they lie laterally

along the sides of the body. * * * It will be at once noticed that while in tnis

position the nymph is to all appearances a quiescent "pupa libera." There does

not appear to be an ecdysis immediately prior to this quiescent period, however,

so I would hesitate to describe it as a true pupal state though it undoubtedly has

the same physiological function.

This quiescent stage lasted in the few specimens observed for a period varying

from four to about nine hours. a The duration in time seems to be controlled to a

large extent by the amount of moisture in the earth surrounding the pupa for when

specimens were placed in perfectly dry earth they were unable to pass beyond this

stage of development, 6 while the greater the amount of moistujre, the shorter the

period. During this stage the last nymphal skin splits across the head and along

the dorsum, and is slowly worked downward and backward till a large portion of it

hangs freely from the apex (jf the abdomen on the ventral side. The legs are the

last part <' of the body to be freed from this skin, which then becomes detached aa

a much crum])led mass. As soon as the wings are liberated they begin to move

away from the body at their base. This is apparently due to the tracheae in the

basal x)ortion of the wing becoming inflated. The inflation, however, does not

extend beyond the suture along which the wing is subsequently broken off, and

the distal portion remains tightly folded. * * *

The ecdysis described above is the last in the development of the imago, for the

insect now disclosed is the sexually complete** adult; it does not, however, become

o Varying from about 3i to 12 hours at Falls (-hurch, Va.—T. E. S.

&A considerable amount of moisture • apparently is essential to normal develop-

ment. Specimens placed in small, individual, corked vials molted normally, while

others placed in vials the mouths of which wore lightly plugged with cotton developed

abnormally, with distortions, or not at all.—T. E. S.

c Sometimes the antennae are the last part to be freed of the cast skin in case of

nymphs of both the first and second forms.—T. E. S.

d At this stage the sexual organs are not yet fully functionally matured.—T. E. S.



Bui. 94, Part II, Bureau of Entomology, U. S. Dept. of Agriculture. Plate X.

Leucotermes flavipes.

a and b, Lateral views of the quiescent stage of nymphs of first form; c. dorsal view of active
molted nymph showing how wings are held away from the body. Photographs from ether-
ized specimens, a', Lateral view of quiescent stage of nymphs of the first form (skin cast);
b', dorsal view of same; c', active molted nymph of first form with wings unfolding. From
alcoholic specimens. (Original.)
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active as soon as it emerges but remains for about a quarter of an hour in the same

position as that in wliich the ecdysis occurred. During this time, however, the

head is slowly drawn upward to its normal position and the insect finally stru^les

to its feet. Its movements are at first very awkward and uncertain but after a few

minutes it is actively running about. As before mentioned, the greater portion of

the wings remains closely folded together so that at first sight they appear as abnor-

mally placed A^ang-pads. A close examination with a hand lens shows them to con-

sist of the very compactly folded wing. * * *

After these young adults have been running about for an hour or so the main portion

of the wing begins to expand ; the basal portion becomes expanded before the apical

part begins to unfold, but the infla-

tion gradually works toward the apex

till the typical fully winged though

pigmentless adult is produced. The
wings continue to be held away from

the body till this process is complete,

after which they are folded from the

base in an overlapping position over

the abdomen. The ensuing pigmen-

tation of the body is gradual « and

does not appear to be affected by the

presence or absence of light; the en-

tire body turns black through shades

of yellow and brown till in about

twenty-four hours the sexually com-
plete imago is ready for swarming.

It will be seen that the whole pe-

riod intervening between the normal

nymphal stage and the typical pig-

mentless adult staged occupies only

some nine to ten hours, and this ap-

parently accounts for its not having

been recorded before, even though it

appears to be perfectly normal, c for

it has occurred in different localities

in two successive years and all nymphs
taken passed through these stages be-

fore completing their development.

An illustration of the thorax of Leu-

cotermes flavipes with unexpanded
wings was given by Packard in his

Text-book of Entomology, but he
here described it as a late nymphal
wing pad, otherwise there seem to be no references to either of the stages herein fig-

ured and described.

Fig. 11.— Termopsis angusticollis: Quiescent stage of
nymph of the first form. Enlarged 7 times. (Original.)

a The borders of the chitinized parts first take on pigmentation, passing through
shades of gray to castaneous to the castaneous-black of the mature adult, the abdomen
being the last to take on pigmentation; there are often abnormalities in development—
T. E. S.

b The whole period intervening between the fully developed nymph and the
mature pigmented adult is about one day and one-half to two days for individuals, and
about 1 week to 10 days for the colonies.—T. E. S.

c These stages are absolutely normal and necessary to the progressive development
of nymphs of species of both the genera Leucotermes (L. flavipes and virginicus) and
Termopsis (anguslicoUis) (fig. II).—T. E. S.

62896°—Bull. 94, pt 2—15 3
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During this final molt the females of nymphs of both the first and

second forms normally lose the genital appendices;" that is, the

genital appendices are present in nymphs of both sexes before this

molt, but afterwards only in mature winged males and supplementary

kings, developed from nymphs of the second form ; these appendices

can be readily seen on the cast skins. In egg laying complementary

queens of Termojms angusticollis (with no indication of wing pads),

genital appendices were present, though absent in true queens.

On April 25, 1912, at Falls Church, Va., molting nymphs (jlavipes)

of the second form were found. The progressive development of

over 100 nymphs was noted, and apparently the molting is similar to

that of nymphs of the first form. Before the quiescent stage is

reached, the nymphs assume a straw-colored hue. Various stages of

molting nymphs were observed through April 28. After the molt,

the head and prothoracic segments darken, especially on the borders.

The abdominal segments also darken. Sometimes there are grayish-

black, longitudinal, pigmented markings on the head. Some of the

nymphs have very short wing pads, mere buds, while in others the wing

pads are more elongate, the pair on the metathorax reaching down to

and slightly overlapping the (apparent) second abdominal tergite.

This difference can be seen in supplementary or neoteinic reproductive

forms and illustrates the fact that the growth of nymphs of the fu'st

form is arrested in various stages of development, as does (?) the

presence of genital appendices in complementary queens of Termopsis.

Sometimes, due to unfavorable moisture conditions, there is an

abnormal development of nymphs of the first form. Individuals

may be observed with partial pigmentation to the chitinized parts,

acquired before the quiescent stage or before the wings are unfolded;

that is, the wings may be in various stages of development, from the

opaque-colored, elongate wing pads to partially unfolded, or unfolded

but stiU crumpled, wings. There is great individual variation in

the manner of molting. Adults with mature body pigmentation but

with distorted, poorly developed wings, or even with opaque wing

pads, have been observed emerging from the parent colony at swarm-

ing time. A swarm* oi Jlavipes occurred at Falls Church, Va., on

May 8, 1912, and another on April 25, 1913, while in the case of

virginicus the swarm occurred on June 1, 1913.

This quiescent stage, or "Ruhestadium," has been described by

Hagen.*' He states (in regard to the final molt of nymphs of the

first form) that the skin bursts on the prothorax; and in order to

« Grassi and Sandias. Op. cit., p. 306.

b It is from 7 to 10 days after the last sexed adults in colonies have acquired wings

and mature pigmentation that the swarm occurs.

c Ilag'^n, 11. A. Monographie der Termiten. Linnaea Entomoiogica, v. 12,

p. 337-338, 1858.
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get out of the old skin, the msect doubles up. The insect lies on
the ground during the molt. Grassi, while he did not describe this

stage, knew that during certain ecdyses in the development of nymphs
and soldiers important changes took place. Odenbach, January 13

to 24, 1896, observed in an artificial nest indoors (manuscript notes)

molting larvae oijiavipes in the quiescent stage, as if dead. He states

that the molting process lasts three and one-half hours, that workers
assisted, and that the skin is eaten. His observations are prac-

tically the same as those of Strickland. Holmgren describes this

stage in the larva of Rhinotermes taurus Desneux, Escherich'^ figures

larvse of Termes obscuripes Wasmann, and Bugnion ^ figures a soldier

of Termes Tiorni Wasmann in this quiescent stage. Holmgren was
the first to state that a quiescent stage occurs in connection with
each molt, and to note the internal as well as external changes that

occur during these molts.

The writer has observed quiescent stages of undifferentiated (?)

larvae, larvae of nymphs of the first form, nymphs of the first and
second forms, and larvae of workers and soldiers of Leucotermes

fiavipes and L. virginicus and soldiers and nymphs of the first form
of Termopsis angusticollis.'^ Differentiated nymphs of the first

form of L. virginicus only 2.5 mm. in length have been observed.

Bugnion states'^ that since he has found nasuti larvae of Eutermes
lacustris Bugnion 1.3 mm. in length he beheves that the differentia-

tion is effected in the embryo for the three castes. The young
nasutus with the distinct "corne frontale" is figured. This is not
at all in accordance with Knower's statements and drawings of the

development of the nasutus of Eutermes (rippertii ?) which developed
from a worker-like larva, and with Grassi's description in Calotermes

jiavicollis Fabricius and Leucotermes lucifugus and the writer's de-

scription in L. virginicus of the development of soldiers from worker-
hke larvae. Bugnion further states « that in the higher termites

the differentiation of caste reaches perfect expression.

Observations by the ^\Titer of molting soldier larvae of Leucotermes
spp. show that the differentiation takes place during a ''quiescent

stage" rather late in the life cycle.

From the first to the middle of August, 1913, freshly molted pig-

mentless soldier nymphs oijiavipes in the stage preceding maturity
were noticeable in colonies in Virginia. From the middle of June

a Escherich, K. Op. cit., p. 43.

b Bugnion, E. Le Termes Horni Wasm. de Ceylan. Rev. Suisse Zool., t. 21,

no. 10, p. 299-330, pi. 11-13, juin, 1913. vSee p. 305-309.

c Snyder, T. E. Loc. cit.

<^ Bugnion, E. Les termites de Ceylan. Le Globe: Memoires Soe. Geog. Geneva,
t. 52, p. 24-58, 1913.

« Bugnion, E. La differenciation des castes chez les Termites [Nevr.]. Bui. Soc.
Eut. de France, 1913, no. 8, p. 213-218, April 23, 1913. See p. 217.
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to the first part of July. 1914. molting large-headed soldier larvae

and nymphs of Leucotcnncs fanpcs were found in colonies in Vir-

ginia. After the first part of July freslily molted, pigmentless

nymphs of soldiers were common in eolonii's. On August 17, 1913,

molting soldier larra^ were found in the quiescent stage in a colony

of inrginicus at Chain Bridge. Va. ])uring the (juiesctMit stage differ-

entiation took place. Larvje to all t>xteriial ajipearances undiffer-

entiated or of the worker type (as shown by the head, mandibles
with marginal teeth, and labrum of the still adhering larval skin),

the individuals {inrginicus) being over 3 millimetei-s in length, in

the quiescent condition, develop at this molt to pigmentless nymphs
of soldiers (PI. IX, a), with more elongate, soldit>r-like head, and
mandibles without marginal teeth. In this stage the lu>ad. mandibles,

labrum. and "menton" (Bugnion) liave not attained the shape or

length of those of the mature soldier, there being at least one later

molt to maturity. After the first radical change, the head is not

pigmented (the only pigmentation being at the inner margin at the

tips and base of the mandibles, and at the tips of the maxilhe) , not

elongate, rounded, tapering toward the base (broad at apex), the

mandibles shorter and broadenmg at base. The labrum is elongate,

subeUiptical, tapering at apex and slightly at base, wider than in

the mature form; the ''menton" is convex, tapering toward base,

wider than in the mature form. The antennae have 14 segments.

After the next molt the nymph is as yet shorter than at maturity,

being from 4.5 to 5.5 miUimeters in length inJiavipes, and the head is

more elongate but still broader at tlie apex, with the mandibles,

labrum, and "menton" more elongate and siendei-. The antennsL

have from 14 to 15 segments. At this stage the moutliparts and

borders of the antennal sockets are slightly pigmented. (PI. IX, h.)

After another molt the full size of the mature nymph is attained

and there is pigmentation of the chitinized parts (PI. IX, c), there

being three molts from the large-headed, worker-like larva to the

mature pigmented soldier. (PI. IX, d.)

It will be noted that there is a gradual elongation of the parts, as

the mandibles, labrum, and "menton," and that these parts become
more slender and loose in ^^'idth as the mature form is reached. '^ In

this connection it might be of interest to state that in the jieoteinic

individuals (neoteinic reproductive forms vnih short wang pads) the

head, thoracic segments, and abdominal tergites and sternites are

both longer and broader than in the reproductive forms that develop

from nymplis of the first form; that is, the structure at this younger

retarded early stage is more gross.

a Snyder, T. E. Changes' during quiescent stage3 in the metamorphosis of termites.

Proc. Ent. Soc. Wash., v. 15, no. 4, p. 162-165, pi. 6-7, Dec, 1913.
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Freshly molted, immature, pigmentless nymplis of soldiers of

Termopsis angusticoUis, obtained from material colleeted by B. T.

Ilurvey at As}dujid, Oreg., Auj^ust 28, 1918, sliow the same stages of

development. In conclusion, therefore, it may be stated that in case

of Leucotermefi spp. and Terrno'psis angusticollis the diffei-c^ntiation

occurs during a molt ajid quiescent stage ratlier late in tlie life cycle

of t}ie insect, the larvae having belonged to all external appearances

to t}i(5 undifferentiated group.

SEASONAL VARIATIONS IN THE COLONY.

There are wide differences in the composition of colonies of Leuco-

tcrmes at various soEisons of the year.

EGGS.

In woU-established colonies oi Jlainpes, eggs and newly hatched or

youJig larvae }iave been found by Hubbard, in Florida, in April, May,

and June ; by the writer, in Virginia, in April, May, June, July, August,

September, and October; in Illinois, in August; and by Od(mbach, in

Oliio, in September. In incipient colonics, the first eggs are laid, in

Virginia, by the middle of June or July in case of Jlavipes and in July

or August in the case of virginicus. In well-established colonies of

virginicus, in Virginia, eggs have been found in late May and early

June. In cases of artificial nests or colonies of jlampes, kept under

observation indoors, and in cases of infested buildings, eggs have

been found by Odenbach and the writer in January, February,

March, April, May, July, August, September, November, and De-

cember. Oden})ach's nests were from South Brooklyn, Ohio.

In case of ])oi]i Jlavipes and virginicus, in long-esta}>lis}ied colonies

the period of maximum egg production is from t}ie middle of May to

early September in Virginia; that is, during the warm months.

NYMPHS OF REPRODUCTIVE FORMS.

Nymphs of the first form oi Jlavipes with easily discernible wing

pads were found in the quiescent stage of the molt on August 5, 1913,

at Veitch, Va. By the middle of September they had well-devel-

oped wdng pads—two and one-half times the segment from which

they originated—and antennae -wdth from 16 to 17 segments. The
nymphs were from 5.5 to 6.5 millimeters in length and the compound
eyes had acquired the primary reddish pigmentation. There is

apparently an unaccountable annual variation, since in 1913 and

1914 nymphs were very abundant in colonies in the fall, while in

1912 they were comparatively scarce. In March, up through the

time of molting, nymphs of the first form are present in the out-

lying channels of colonies in great numbers.
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In incipient colonies nymphs arc not produced during the first year

that the colony is established, but are developed every year in old,

well-established colonies. Nor are nymphs of the first form produced

the first 3'ear in ''orphaned" colonies. Nymplis of tlie secoml form

are commonly to be foimd during the latter part of April to early

May in Virginia (March in North Carolina), and they occur in vary-

ing numbers associated with nymphs of tlie first form. Nymjihs of

both forms are well developed by the middle of September of the je&r

in which sexual maturity is attamed, in Jlavipes.

Colonizing individuals of jlavipes appear from the early part of

April to May in Virginia and Maryland (earher in infested buildings).

In the case of virginicus they do not appear till a month later, or the

end of May or early June in Virginia and ^Maryland. After having

attained the mature pigmentation they soon swarm.

The royal individuals oi Jlavipes—the pairs of winged sexed adults

that have swarmed—are to be found together in the royal cell. In

incipient colonies of termites, unhke the other social insects, the male

assists in the estabhshment of the colou}^ and continues to cohabit

with the queen, there being repeated coition.

NEOTEINIC REPRODUCTIVE FORMS.

Neoteinic reproductive forms are normally( ?)'* developed from

nymphs of the second form after the swarm; the males continue to

cohabit with the females. Immature neotemic reproductive forms

are to be found at the time the winged sexed adults are attaining

mature pigmentation—the end of April m Virginia. Maturity is

probably attained shortly after the swarm, namely, May to June,

although mature neoteinic reproductive forms have been found before

the swarm.

In case of virginicus, neoteinic reproductive forms, produced from

nymphs of the second form, arc matured, fertilized, and egg la^ang

by July to August. In case of Jlavipes, these reproductive forms

are matured by May to June. There is a seasonal variation.

WORKERS.

Workers are always present m colonies except those just estab-

lished by colonizmg sexed adults; they are permanentl}^ present in

the colony and constitute the most numerous caste.

a These forms can be produced at any time necessary. On April 9, 1912, a decaying

stump infested with Jlavipes was removed from the forest and placed in the termi-

tarium; this was at a time when the nymphs of the first form were nearly mature.

On November 18 the termites had entered the ground and two neoteinic ergatoid(?)

forms were found about 3 to 4 inches below the surface in chambers in the earth. No

nymphs of the first form were present. They could be distinguished fi"oni the workers

by the larger size, distended abdomen, straw-colored pigmentation, and shiu-pcr seg-

mentation of the abdomen. Rudimentary wing pads were present. The antennae

had 15 to 16 segments. Workers solicited drops of liquid from the female by stroking

the abdomen with their palpi.
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SOLDIERS.

Soldiers are also always present in colonies, except those just estab-

lished by colonizing sexed adults, usually a few being present in

incipient colonies; they are always relatively much less numerous

than the workers. From the first to the middle of August, 1913,

freshly molted, pigmentless soldiers oi fiavi'pes were common m colo-

nies in Virginia, where they were found as late as the middle of

October. On August 17, 1913, near Cham Bridge, Va., moltmg
larvae and nymphs of soldiers of virginicus were found.

LOCATION OF THE COLONY IN WINTER.

By the middle of November to December, depending upon the

season, termites retreat to the subterranean passages of the colony,

the earth under infested logs being riddled by a labyrmth of galleries.

In case of very large logs, termites may remaui m the more impene-

trable mner galleries in the heartwood. In Virginia they remam in this

retreat until the last of February or first or last part of March, depend-

ing on weather conditions.

Indeed, the center of activity in termite colonies changes with

the seasons, due to the varying needs of the colonies as to condi-

tions of warmth and moisture, w^hich are essential to life and devel-

opment. In spring when there is abundant moisture, open, wooded
southern exposures are favorable, and the outlying galleries of

colonies are teeming with developing nymphs, whereas during the

heat of summer conditions would be too dry. Consequently in

summer termites bury themselves more deeply in the wood or earth

in less exposed galleries, in moist, shady sites, and in winter usually

enter the ground to escape the cold. "^ In autumn, developmg larvae

of the castes, and nymphs of soldiers and sexed adults, are to be

found in the outlying galleries where the warmth will enable more
rapid development. Therefore colonies apparently depleted at cer-

tain seasons, at others will be infested. Again, the Leucotermes

colony readily migrates, and the site is liable to abandonment if

conditions become unfavorable. A single colony may extend to

and inhabit several adjacent stumps or trees, and it is often impos-

sible to define the limits of a colony or the line of demarcation be-

tween different colonies in a region where termite colonies are abund-

ant and there are many decaying stumps or logs; hence what is

apparently a separate colony may be only a branch connected with

the main colony by subterranean passages. If colonies are cut into

and the reproductive forms removed, the colony quite frequently

abandons the nest. The reproductive forms are capable of move-
ment, and it may be that old colonies branch out by means of neo-

« As the higher altitudes are attained, termite colonies in the earth under stones

are more common; that is, in the North Carolina mountains and in canons in Arizona.
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teinic reproductive forms which eventually establish new colonies.

However, this is only a theory, but otherwise what becomes of the

large number of njinphs of the second form in colonies in the spring ?

Surely they are not needed in the parent colony any more than the

winged sexed adults, and it may be that they are impelled to leave

the colony by the same irresistible force that induces the swarm.

However, it is probable that workers and soldiers accompany them
from the parent colony and that by means of subterranean passages

they establish the new nest. Indeed, these forms may be the nu-

cleus of the small bands of foraging workers and soldiers infesting

decaying branches mentioned frequently in literature. The alterna-

tive is, of course, that such bands become isolated from the parent

colony and rear the reproductive forms. It seems that both meth-

ods may be possible and necessary.

DURATION OF DEVELOPMENT AND LIFE.

The eggs of Jlavipes hatch in about two weeks after they are laid.

Workers developed from eggs laid on July 15, 1912, were 4.5 mm. in

length by the following December, with 13 segments to the antennae.

Both workers and soldiers complete their development within one

year.

Definite data on the duration of life of any individuals of Leuco-

termes, not excluding even the royal pair, are lacking. However, the

males or true kmgs oi Jlavipes continue to live with the true queens

after copulation, the royal, individuals probably livmg at least five

years;" neoteinic queens live at least one year and probably as long as

true queens. Smeathman conjectures that a queen of Termes helli-

cosus Smeathman when 3 inches long is about 2 years old.

CANNIBALISM.

There are many instances to show that termites are cannibalistic in

their habits; aU dead or injured individuals are eaten; also, according

to Odenbach, larvae that have difficulty in molting.

It is not at all rare to fuid, especially in cases of workers, a narroW,

grayish band, with black, scalloped, turned-up edges usually on the

dorsum of the abdomen, but also sometimes present on the ventral

surface and as a plate on the legs. This band is sometimes present

on the abdomen of soldiers, and it also occurs on the thorax and

head of workers. Possibly these black bands are healed-over wounds

where the insects have ])itten one another (fig. 9,c), or they maybe due

to a bacterial or fungous disease, or to both wound and disease.

Those bands occur on workers and soldiers of both Jlavipes and

virginicus.

o- Heath, H. The longevity of members of the different castes of Termopsis angus-

ticollis. Biol. Bui., v. 13, no. 3, p. 161-164, August, 1907.
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LEUCOTERMES FLAVIPES.

Fig. l.—a, Abandoned burrow of Lymexylon sericeum in solid wood of chestnut telegraph polem which a fertilized true queen was found; 6, cell excavated in decaying wood by young
royal couple.

Fig. 2.—Royal cell in solid chestnut in which 40 neoteinic royal individuals, for the most part
queens, were found. (Original.)
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On August 12, 1914, several workers with these bands on the body

were taken from a colony oijlavipes at Falls Church, Va., and placed

in a small tin box with decayed wood and earth. Normal soldiers

were also placed in the box. On October 2, 1914, the workers with

the black bands were still alive and apparently in the same condition;

the soldiers had no bands.

Chanvallon, according to Hagen,"^ recommends placing arsenic in

termite nests, and since the insects are cannibals and the dead are

eaten, a large number can be killed in this manner.

SITUATION OF THE DIFFERENT FORMS IN THE NEST.

The reproductive forms are not necessarily to be found in a ''royal"

cell situated in the more remote parts of the nests, as in tropical

species, but are usually in the more sound or solid wood (PI. XII,

figs. 1, a and 2). In colonies recently established by colonizing indi-

viduals the eggs and young are present in a definite royal cell, where

they receive the care of the queen. In well-established colonies no

forms are permanently present with the reproductive forms, and there

apparently is no well-defined royal cell.

The royal cell, excavated in decayed wood by the sexed adults

that have swarmed, is a broad, oval chamber, the entrance to which

is but slightly larger in diameter than the abdomen of the queen at a

period 14 months after swarming (PL XII, fig. I, h).

Most of the 40 neoteinic reproductive forms found at Falls Church,

Va., May 27, 1912, were congregated in a single chamber in the

solid wood of a chestnut slab. This chamber was a broad but shallow

longitudinal cell in the solid, sound wood. The entrances to this

chamber were but slightly larger in diameter than the abdomens of

the fertilized queens. Other neoteinic individuals were found in

shallow, broad, oval cells in the wood and in earth under the slab

(PI. XII, fig. 2).

The nymphs are usually present in the more remote passages of the

nest, except during the spring, when they are in the outlying channels,^

where the warmth of the sun will hasten their development.

o- Hagen, H. A. Monographie der Termiten. Linnsea Entomologica, Bd. 10,

1855, p. 35.

b Developing larvse, nymphs, or immature adults are normally to be found, tem-

porarily at least, in tliat part of the nest where there are the most favorable conditions

of heat and moisture for their rapid development—changing with the seasons. In

the spring and autumn these forms occur under the bark on decaying stumps and

under decaying wood or bark sunken in the ground in open sunny sites, always being

in the outlying galleries where the wannth will enable more rapid development.

There are apparently no permanent sites used as "nurseries," as is the case in

troi:)ical species of termites. However, young larvse are seldom found in the main

unpartitioned runways, but rather in partitioned galleries, where they will not be

disturbed by the activities of the other members of the colony. Often they are in

broad but shallow unpartitioned galleries in the more sound wood of the interior

heartwood of logs, etc.
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Unpartitioned channels or rumvays usually contain only workers

and soldiers; the partitioned channels contain larvae and nymphs
besides. The young, freshly hatched, developing larvae are often

found in broad but shallow moist galleries in the interior of the

heartwood. Extensions of an old colony, consisting of subterranean

passages leading to small pieces of decaying wood, contain only

workers and soldiers.

As previously stated, during the winter all the castes seek the more

remote or subterranean passages of the nest.

THE SWARM OR SO-CALLED NUPTIAL FLIGHT.

Under normal conditions in the Southern States," in early April

and May, in the case of the more common species, flavipes, and in

June in the case of virginicus, the colonizing individuals emerge m
enormous immbers from

small holes in the wood
of stumps, logs, poles,

fence posts, foundation

timbers in buildings,

and the roots of trees

and from the ground.

It is 7 to 10 days after

the last sexed adults

have acc^uired wings
and mature pigmenta-

tion that the swarm
occurs. The \\dnged in-

sects usually crawl upon

some elevation before

taking flight; before

swarming they teem

over the tops of infested stumps (fig. 12) and festoon ])rush lying on

the ground hi order to get a start. If a sexed adult loses its whigs

while at a height above ground (as on the top of a stump) it jerks

itself up in the air in endeavoiing to get down. Xumerous workers

and soldiers are congregated in the outer layers of the wood near the

exit holes at the time of emergence. These colonizing individuals

differ from the other soft-])odied castes in that they are larger, of a

castaneous color, and aie highly* specialized and developed for the

purpose of swarnnng and starting new colonies. In ad(htion, they

are sexed and have eyes and wings. Wliile it is true that they are

weak fliers and are preyed upon by many insectivorous animals

—

birds, lizards, insects, etc.—yet some escape to found new colonies.

« The first, swarm wliich contains the greate!<t number of individuals docs not

occur outdoors until the ripening of the pollen of the flowers of dogwood (Cornus

Jlorida), which is also influenced by seasonal and geographical variations.

Fig. 12.—Lcucotcrmcs flaripix: View of a swarin of sexed adults

emerging from a stump at Falls Church, Va.; a portion of the

enormous numbers conslituting a swarm. (Original.)
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After the adults have flown a short distance m an irregular

"wobbly" manner, they fall to the ground, and by catching the

tips of the wmgs agamst some object and turning sideways they

pry them off at a suture or line of weakness near the base, leaving

stubs. This triangular, basal portion of the wing, or stub, is thick-

ened and more chitinized than the wing and is also pubescent up to

the suture, a possible aid in breaking off the wing after flight.

The male follows the female tirelessly and persistently, with head

close to her abdomen, and touches her abdomen with the antennae.

Often the male and female run in a circle of small diameter, and
sometimes the pursued turns pursuer, apparently attracted by some
secretion at the posterior end of the body.*^ Sometimes as many
as three mdividuals may be seen running off together. This is

apparentl}^ due to sexual attraction, an amatory procedure pre-

Imiinary to pairing, which accomplishes the purpose of brmgmg
the sexes together. This contmues for several days after the flight.

The sexes are attracted to each other at a period several days before

swarming, as is evidenced by the fact that when a colony is broken

into there is a short flight, followed by loss of the wings, after which

the male follows the female in the same manner as after normal
swarming.

Neither of the terms "swarm" or "nuptial flight" is appropri-

ate in referring to the emergence of the colonizing sexed adult

termites, since the insects after a short flight separate into pairs,

or the males and females may even "pair" (but do not "mate"
sexually tiU later) with individuals of other colonies, and never con-

gregate again in the same colony, but form many new colonies. In

the case of bees, on the contrary, after the swarm subsides the insects

all together form one new colony. Furthermore, copidation does

not take place at the time of the swarm, which is not a "nuptial

flight."

THE ESTABLISHMENT OF NEW COLONIES.

Many investigators have considered that the foundation of new
colonies by winged sexed adults was impossible, and was not the

purpose of the swarm, but Ferris (1876), Perez (1894), and Heath
(1903) disproved this.

For several days after swarming the now wingless sexed adults

can commonly be found together under small pieces of decaymg
wood, lying on the ground, ultmiately disappearmg, either to excavate

shallow ceUs in the gTOund, in deca3^ing wood (PI. XII, fig. 1, 6), or to

take possession of an old al)andoned msect burrow. The entrance

to this now royal ceU is but slightly wider than the abdomen. It

« Heath, H. The habits of California termites. Biol. Bui., v. 4, no. 2, p. 47-63,

figs. 3, January, 1903. See p. 54.
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is here that copulation probably takes place. Doubtless many
colonizing pairs, even after escaping their numerous enemies at

the tune of the ammal swarm, fail to become established in a new
colony owing to mifavorable moisture conditions. Sometimes sev-

eral pau's are found together m the same cell in a piece of wood, or

perhaps one male and two females, or vice versa, but these repro-

ductive forms, unlike the neoteinic forms, are not normally polyg-

amous. The young royal couple, after finding suitable shelter, for-

age for themselves and the abdomens of both sexes increase shghtly

in size, becoming swollen. This is probably due to feeding " and

development of the sexual organs.^ Heath states that "everything

is apparently sacrificed to lightness of body" at the time of the

swarm. This results in wider dispersal.** Copulation probably

does not take place till about a week after the swarm, when the

couples are estabhshed together in the ro3^al cell, as sexed adults

of fiavijpes that swarmed on May 8, 1912, were in royal cells on

May 15, the male no longer followmg the female about.

While it is not essential that the colonizing pahs, the young kings

and queens, be adopted by foraging workers and soldiers, it is pos-

sible that this sometimes occurs. It is significant tliat small branch

colonies of workers and soldiers are to be commonly found under

decaying pieces of wood and in the ground after the swarm.

COPULATION AND THE RATE OF EGG LAYING.

Actual copulation was not observed during these investigations,

but observations indicate that copulation does not take place till

after the male and queen are estabhshed in the royal cell, and copu-

lation at the time of swarming outside the nest is not very probable,

as the genitals of the males are in a very imperfect stage of devel-

opment.*^ Other observers have noted the process m the case of

jlavipes.

Haviland states,*^ "In Termes malayanus I have reason to think

that the king fertilizes the eggs after they are laid; indeed, copu-

lation m the case of kings and fully grown queens of most species of

the genus Termes is apparently impossible." [?1

a Heath, H. Loc. cit.

b Miiller, Fritz. Beitrage zur keuntiiiss der Termiten. Jenaische Ztschr. f. m6d.,

Bd. 7, Heft 3, p. 333-358, figc. 11, pis. 19-20, Marz 7, 1873. See p. 337-351.

I. Die Geschlechtstheile der Soldaten von Calotermes.

II. Die Wohiiungen unserer Termiten, p. 341-358.

c Hagen, H. A. Some remarks upon while ants. Proc. Boston Soc. Nat. Hist.,

V. 20, p. 121-124, December 4, 1878.

d Haviland, G. D. Observations on termites, with descriptions of new species.

[Read 3d June, 1897.] Joui'. Linn. Soc. (London), Zool., v. 26, p. 358-442, pi. 22-25,

April 1, 1898.
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Grassi states:'^' "On April 17, 1891, about 11a. m., I detected the

king and queen in coitu in a glass containing a small Calotermes

nest * * *. They stood end to end in a straight line with the

tips of their abdomen applied to each other * * *. It is there-

fore certain that the connection takes place in the nest, and is re-

peated at intervals." Sandias states'* that he observed what

appears to be a similar process between substitute forms still far

from maturity, being only about a fortnight old.

The Rev. F. L. Odenbach, of St. Ignatius CoUege, Cleveland, Ohio,

has noted (MSS.) the copulation of neoteinic royalty (Leucotermes

Jlavipes), namely, the mating of supplementary queens, time and

again in artificial nests. On March 11 and 29, 1898, he observed

many sexed adults pairing, coitu lasting about three minutes. He
further states that the same queen has connection repeatedly with

different males. On December 27, 1899, in describing the pairing

of neoteinic royalty with short wing pads, he states: "The introduc-

tion is a lively play witli feet and feelers, heads looking in opposite

ways, the bodies curved together so as to make a circle, then the

male slips along the body of the female until the organs meet; then

they stand in one line, heads looking in opposite directions. The
body is moved backward and forward, hinging on the legs and

finally to both sides, as if they wished to telescope the abdomens.

Time of connection, about one minute."

Heath states^ * * * "almost a fortnight after swarming, I

have on several occasions seen the royal pair of Termopsis in coitu.

With their bodies closely appressed end to end in a straight line they

remain from one to ten minutes in contact."

Egg laying in the case oi Jlavipes begins about the middle of June

or July, varying with the season, or about one and one-half months
after the swarming. While the eggs hatch in about 10 days after

they are laid, larvae of varying sizes are often present, since they do

not all hatch uniformly. Most of the first broods develop workers

and a few soldiers, as the workers constitute the caste most necessary

to the conduct of the young colony. At this time the queen and the

male still occupy the royal cell together and the queen, with abdomen
only slightly distended, cares for and carries about the eggs and later

the young larvae in her mouth, when the colony is disturbed. The
royal cell is kept clean and the sides are now smoothed.

Recently hatched larvae are fed on prepared food and do not eat

wood until later in their development. On January 8 and 15, 1896,

Odenbach observed workers to draw a white substance of the con-

sistency of butter from the anus of neoteinic queens and devour it.

a Grassi, B., and Sandias, A. Op cit., p. 285-286.

b Ibid., p. 386.

c Heath, Harold. Op. cit., p. 52.
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On November 18, 1912, workers were observed to solicit liquid from

the anus of a larval or ergatoid ( ?) queen, at Falls Church, Va. On
August 5, 1913, a fertilized, fully d?veloped queen, collected at

Veitch, Va., about 14 millimeters in length, ejected a clear white

liquid from the anus, when disturbed.

The rate of egg hxying of the young and active queen is not very

rapid, as clusters of eggs in varying numbers from about 6 to 12

were observed in several cells with single pairs. The new colony at

first is very small, and even after the rearing of the first brood of

workers and soldiers the increase in numbers is not rapid. In July,

1912, at Falls Chm-ch, Va., about 12 small white eggs in a cluster

were observed in a royal cell with young royal individuals oi jlavipes.

At least three wsro observed, probably 2 males and 1 female. These

had been captm-ed after the swarm on May 8, in the earth under a

small piece of decaying wood. On July 29 the newly hatched larvse

were observed, and on October 30 seven workers and one soldier siu--

rounded a single royal pair. Fragments of the chitmized parts of

another adult were found near the royal cell. The abdomen of an

egg-laying female under observation, 13 months after swarming,

was oblong and somewhat distended, the segments of the abdomen

being slightly separated and showing white between. On October

30, when the female in the royal cell was disturbed, she continually

moved the end of the abdomen, curving it ventraUy under the body.

This alternate rising and falling of the abdomen has been described

by Smeathman as a constant ''peristaltic" movement, in the case

of tropical species. No eggs had been laid since the first were de-

posited in July, and it is believed that this so-called "peristaltic"

movement in case of Leucotermes is merely the result of alarm, and

has no direct bearing on egg laying. During this time the male still

occupied the cell with the female and both were active. Eventually

the abdomen of the female becomes immensely distended through

the development of the ovaries, but in the case of certain species of

Leucotermes the c|ueen stiU retains the power of locomotion.

It will thus be seen that development under the foregoing con-

ditions is at best a slow process and not at aU comparable to that

which takes place in tropical species, where growth of the queen and

the rate of egg laying is correspondingly rapid.

On February 21,1913, nine or more additional eggs were observed in

a cluster near the royal cell of the above-mentioned pair. This cell

was in a small decayed branch, placed on moist earth, and isolated

in a tin box. On February 24 the first freshly hatched larva was

observed. The abdomen of the queen at this time was not markedly

distended. On May 16 freshly hatched larvse were again present in

this colony. On August 15 six eggs, as well as newly hatched young,

were present in the royal cell. The male still cohabited with the
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qiieeri, and the abdomen of the queen was not as yet markedly

distended.

Wliile the recently hatched young are active, they are dependent

on the care of the parents or upon the workers for food.

Wheeler "^ states, "In incipient ant colonies, the queen mother
takes no food, often for as long a period as eight or nine months, and
during all this time is compelled to feed her first brood of larvae

exclusively on the excretions of her salivary glands. This diet,

which is purely qualitative, though very limited in quantity, pro-

duces only workers and these of an extremely small size (micrer-

gates)." In incipient termite colonies (Leucotermes and Termop-
sis ^) the young royal couple share the royal cell, excavated in

decaying wood, at which time the abdomens of both the sexed adults

increase slightly in size, and they take food—that is, wood. The first

larvae develop to workers and a few soldiers, both forms being smaller

than normal individuals or those in well-established colonies. No
nymphs of sexed adults are produced during the first year. The
rate of egg laying of a fully developed true queen is much more rapid.

On August 5, 1913, at 5 p. m., a true queen, about 14 millimeters

long, which had been taken in the root of a dead chestnut tree above

ground, was isolated with the king in a cell in wood. By 9 a. m. on
August 6, more than 12 eggs had been laid. When captured in the

tree there were several hundred eggs as well as numerous recently

hatched larvae near by.

The antennae of some true royal pairs that have swarmed are

apparently entire at a period of seven months after swarming; how-
ever, the segments were not actually counted. In other pairs the

antennae of both sexes are mutilated.

THE ROYAL PAIR AND OTHER REPRODUCTIVE FORMS.

OCCURRENCE IN THE UNITED STATES.

Feytaud'^ gives a historical account of the frequency of occur-

rence of reproductive forms of L. lucifugus in Europe and figures the

reproductive forms. Between April and September in the eastern

United States the several types of reproductive forms of our common
species of termites are to be found in colonies in decaying wood
above ground; that is, the pigmented, true royal pair with wing
stubs, developed from the sexually mature adults; the supple-

mentary neoteinic forms, with pale straw-colored pigmentation and
short wing pads, developed from nymphs of the second form; and
the ergatoids and neoteinic larval forms, with straw-colored pigmen-
tation and no wing pads or rudiments, developed from mouldable
larvae. It is believed that since these forms are mobile and that in

o Op. cit., p. 68. b Heath, H. Op. cit., p. 57. c Loc. cit.
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old, well-established colonies there is apparently no definite perma-
nent royal cell, these forms inhabit the subterranean passages in

wood or in the earth below the frost line during the winter. During
the warm months^ probably to facilitate the processes of reproduc-

tion and development of the young, they inhabit the passages in

decaying wood above ground. The occurrence of true royal pairs

is not rare," but supplementary or neoteinic reproductive forms are

apparently more common in colonies.

HISTORICAL.

The follomng is a historical record, in chronological sequence, of

the occurrence of reproductive forms in colonies of Leucotermes

flavipes and L. virginicus in the United States, together with notes on

the conditions under which they were found.

The first queens oiflavipes taken ^ in the United States were found

by the late H. G. Hubbard ui a colony in Florida and were of the

neoteinic type, or supplementary form, with short wing pads. Hub-
bard also found the first neoteinic kings, although he makes no men-
tion of them and may not have recognized the fact that he had found

both sexes of neoteinic reproductive forms. Some of the neoteinic

queens that Hubbard collected are deposited in the Hagen collection

at Cambridge, Mass., but most of the specimens are in the collection

of the United States National Museum. The number of specimens now
present in the vials at the museum is probably not as great as when
originally collected, since Hubbard gave certain of the royal individuals

to Hagen. Hubbard's note, dated ''Enterprise, Fla., May 19, 1875,"

recording the finding of the first reproductive forms m the United

States, reads: " Termes jlavipes (determined bv Hagen), females with

their eggs from small, rotten log in road near lake shore; females not

in separate cells, several together." [This vial also contained two
supplementary kings and nymphs of the fu*st form.] Another note

dated April 4, 1882, Crescent City, Fla., reads: "Termes flavipes,

nymphs, queens, and eggs from galleries in pine log; Trichopsenius

and Anacyptus were found in this nest." [A neoteinic kmg was also

present in the vial.] A note dated "May 11, 1883, Crescent City,

Fla., in pitch pine," is in a vial containing 11 neoteinic queens, 5 neo-

teinic kings, and 631 eggs with the embryos in various stages of de-

velopment. [Xymphs of the first form were also present m this vial.]

« It was formerly thought that true queens did not exist in colonies in the United

States and Eiu"ope (proper). According to E. A. Schwarz (Terroitidse observed in

southwestern Texas in 1895. Proc. Ent. See. Wash., v. 4, no. 1, p. 38^2, Nov.

5, 1896), there are but few permanent nests, headed by true royalty, of Leucotermes,

due to the wandering habit of the genus; that is, the frequent moving of colonies

would necessitate such rarity.

b Hagen, H. A. The ])robable danger from white ants. Amer. Nat., v. 10, p. 401-

410, July, 1876. See p. 405.
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Mr. Louis H. Joutel,*^ of New York City, found a number of ferti-

lized, egg-laying neoteinic queens occupying the same cell, 9 in one

colony and 14 in another. The number varies with the colony, as

has since been ascertained, and many neoteinic royal individuals may
be present in a small colony, where they would be more needful. JVlr.

Joutel spent several years in the study of termites, and in correspond-

ence with the writer states that on two separate occasions he has

found true queens—the first shortly after the finding, in 1893, of the

above-mentioned neotemic queens. This would be the earliest record

of the finding of a true queen ofjlavipes in this country. He further

states that on a later occasion he found two true queens at Peeksldll,

N. Y., on the same day, July 14, under about the same conditions.

The queens were located in a "* * * dead hickory stump, about

12 inches diameter, and were in the upper part of the tunnels among
the workers. There was nothing to suggest a queen cell and no eggs

to be found, although I looked over them carefully. They were found

in stumps about 20 to 30 feet apart." In commentmg on a statement

made by the writer ^ that a true queen was inactive in a burrow
when discovered, Mr. Joutel states: "The three [true queens] that I

found were very active, and while they did not move quite as fast as

the larvae [workers], it was due only to their size." Mr. Joutel is quite

right, as I have since found out, and the instance cited was probably

due to the queen being caught in a burrow too narrow for her dis-

tended abdomen, in trying to escape, rather than being confined in a

cell the entrance to which was narrower than the size of her abdomen.

While Mr. Joutel was the first actually to find a true queen, Mr. C.

Schaeffer," of Brooklyn, N. Y., was the first to record the finding of a

fertihzed, true queen oi Jiavipes, at Moshulu, N. Y., July 16, 1902.

He has kindly loaned the specimen to me for study. This queen is

approximately 8 millimeters in length, the abdominal tergites and
sternites not being widely separated, is markedly pubescent, and the

antennae are mutilated.

In describing the true queens which he found, Mr. Joutel states

that they resembled the queen that Mr. Schaeffer found. He fur-

ther states, "* * * they were all apparently broader than the

one you figure in relation to its length. The heavy chitinized parts

looked like little dots on the surface and did not take up as much
space in relation to the rest of the surface as those parts do in the one

you figure. [True, in hving specimens.] The first one had its

antennae complete; of the other two, one had two segments missing

on one antenna and the other had three segments wanting

—

« Loc. cit.

b Snj der, T. E. Record of the fiudiriG; of a true queen of Termes Jlavipes Kol. Proc.

Ent. Soc, Wash., v. 14, no. 2, p. 107-108, June 19, 1912.

62896°—Bull. 94, pt 2—1.5 4
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these happened to be on the same side." He also says, "I have re-

peatedly taken a pair at swarming time and bred the eggs from them,

but have never got them to colony size," and that "* * * in

stating that I fomid only three queens, I liad reference to the fully

developed ones. On Staten Island, in company with Mr. W. T.

Davis, I came across a small log that had eight separate cells with a

king and queen in each. A few had three and one four (indi^^duals).

They had eggs but no young. Some had perfect anteim.{B and others

had segments missing." He states: "One small colony that I kept

aUve several years that had only about two or three dozen workers

swarmed each year, a few individuals only, but I broke up and exam-

ined each fragment of wood and sifted the ground several times but

never found a trace of either kind of queen; the whole colony was con-

tained in a gallon jar. Other colonies that had thousands of workers,

which I kept aUve about 22 months from time of collecting, never

swarmed or had yomig, but finally died of old age, I presume. They

got smaller and seemed to have more fat in their makeup." Mr.

Joutel also says, "Light, I foimd, was not objected to by termites,

imless it was too strong, as long as they felt that they were covered,

that is, they worked under cover, not necessarily in the dark." This

is true, but even in metal termitariums witli sUding, thick, red glass

covers, termites, while at first they actively wandered about on the

surface of the earth, and were apparently unafl^ected, soon sought

cover under decaying pieces of wood or in the earth.

The Rev. F. L. Odenbach, S. J., has, since 1895, made observations

on the habits of Leucotermes Jlavipes in artificial colonies. He has

rouglily sketched in his notes two types of neoteinic queens that he

has found. The neoteinic kings he describes as being compressed

laterally, and therefore seeming to have a ridged back. One neoteinic

queen, with short wing pads, that he found pairing was 10 milHme-

ters in length and had a markedly distended abdomen. Another

gravid queen that he figures is apparently adapted from a nymph of

the first form, since long, well-developed wing pads are present. The

abdomen is distended and the abdominal tergites are separated. He
states:

These reproductive forms were from a very large nest I took up in South Brooklyn,

near Cleveland, Ohio, in the fall of 1895.

I placed the termites in a large glass globe. In September, 1897, I discovered a

large mass of eggs from which were develoi)ed all the different nymph forms known to

me, true winged males and females also in large numbers. These latter chased about

the nest in such wild disorder for a few days that the workers fell upon them and de-

stroyed them to the very last one. It reminded me of the slaughter of drones in a

beehive. At the time it seemed to me that the wild orgies, [?] wliich as a rule occur

outside of the nest in midair, disconcerted the workers and soldiers who did the next

best tiling to restore order and quiet in their household.

From the above large nest I caused a colony to migrate into a Lubbock nest, and

La this nest I found the different neoteinic reproductive forms. First, the nymph
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with the long wing pads. She laid eggs, and I repeatedly induced her to do so by
the same mean8 by which I first caused ant workers to lay eggs (1885).

If they seem numb with cold, I place my hand on the glass plate and this induces

the activity.

This queen was quite different in shape and color from those I will mention below,

being larger and of a lighter color. She was slow in her movements and did not change

her location very often. She was tended by the workers, which could hardly be said

of the others, since they were too restless.

The others, reproductive individuals, were nymphs of different kinds, with different

shaped wing pads, but none with as long ones as those of the individual mentioned
above. They also laid eggs, but during one of their wild rushes around the nest were
given theh quietus. I now had only the above nymph and the one with no visible

wing pads left. This latter I thought to be a true queen (?), since the treatment of

her was nothing like that accorded to the nymph with long wing pads. She laid eggs,

but seemed to be disregarded by the workers.

On March 26, 1895, at Haw Creek, Fla., Hubbard found an imago
(a male) with the wings gone, in a colony. The antennae have seg-

ments missing. His note reads, "In old, rotten pine log in swamp
hummock; soldiers, larvae, and imago with wings gone."

King °' also states that he has found a black form (male) with wing
stumps in a colony and that it is a swift runner. ''Again, there is

associated with Termes jiavipes a clear black form, variable in size,

some with wing stumps, and others, so far as I can see now, without
being cleared, appear to have none. [?] I have only met with five of

these forms so far; one measured 6 mm. in length, another 5 mm., and
two of these measure 4 mm." He states that the fifth form was sent,

not long since, to Dr. L. O. Howard, with notes, who referred it to

Mr. E. A. Schwarz, the latter stating that it was a fully developed
male with wing stumps.

Mr. King further says

:

" * * * When I first observed its appearance with Termes

Jiavipes, and in the nest with it, I supposed it to be a species of a
staphylinid beetle, so swift were its movements that they made them
quite deceptive. They are very swift runners and hard to capture.

Further observations will be necessary to determine whether these

are new species or not. It is my impression, however, that they are

of a different type."

He does not state at what period of the year he found this form.

These forms found by Hubbard and King were possibly royal indi-

viduals, and in the case of the specimens collected by Mr. King they
were possibly of both species, Jiavipes and virginicus.

H. G. Hubbard found a true queen of Leucotermes, probably luci-

Jugus (a species very similar io Jiavipes ^). As in virginicus the ocelli

are nearer to the compound eyes than in Jiavipes. L. virginicus

oKing, G. B. Termes Jiavipes Kollar and its as.sociation with ants. Ent. News,
V. 8, No. 8, p. 193-196, October, 1897. See p. 194.

&Hagen, H. A. Monographie der Termiten. Linnaea Entomologica, v. 12, 1858, p.
174-180 and 182-185.
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Banks has as yet been found only in Virginia, West Virginia (Hop-

kins), Maryland, North Carolina, and Illinois (Snyder). Leucotermes

lucifugus Rossi occurs in the United States and "is found in

Texas, Kansas, Colorado, and southern California, and perhaps else-

where."" The species lucifugus of Mediterranean Europe, according

to E. A. Schwarz,^ is probably native to America (Mexico). Accord-

ing to Dr. Knower, Jiavipes has been introduced into Japan and is

firnily established. This species has also been introduced into Europe

and has been destructive in the vicinity of Vienna.

This true queen, found by Hubbard, is slightly over 13 millimeters

in length, has the abdominal tergites and sternites more projecting,

and has not as greatly distended an abdomen as the true queen found

in Virginia; that is, the chitinized parts are less fused than in the older

queen. (PI. XIII, h.)

The note in Hubbard's field diary recording the discovery of the

first fertilized true queen reads as follows:

June 20th, 1898, Santa Rita Mountains, Madera Canon (Southern Arizona). We
ascended a ravine filled with majestic sycamore trees under which the ground was wet

with numerous springs, but entirely tramped by cattle and devoid of smaller vegeta-

tion. * * * I found under a stone in a little dry mound in a wet springy spot

on the mountain side, a colony of true Termes, among which, in a cell cavity just

beneath the stone was a single matured gravid female, or queen, which certainly had

been wino-ed; took eggs, larvEe, workers, and soldiers with the queen. This is the

first instance known of a true queen in the genus Termes. There were no supple-

mentary or nymphal queens in this colony and no male was found. I explored the

entire colony, which was not a large one.

Prof. Harold Heath, of Stanford University, Cal., has described the

life cycle of Leucotermes lucifugus in California,'^ which is very similar

to that of ourcommon species of the East. He figures a true "primary"

queen, as only 8 months old, however, that has a markedly distended

abdomen and the abdominal tcrgitos S(^parated—probably an error,

due to transposed descriptions mider the figures, according to obser-

vations by Feytaud ^ and the writer.

A true queen, with wing stubs {flampes), found by the writer was

in an abandoned burrow of Lymexylon sericeum Ilarr. (PL XIII, h)

in the decaying butt of a chestnut telegraph pole near Portsmouth,

Va., on August 12, 1910. This queen was inactive, since the burrow

was no wider than her abdomen, and apparently she was unattended.

The abdomen was greatly distended and oblong in shape, tho ab-

dominal tergites and sternites being widely separated. In the bright

sunhght the abdomen appeared to have a yellowish green tinge.

The length of tho queen was approximately 14 millimeters. The

antennae were mutilated.

a Howard, L. O. The Insect Book. p. 356. New York, 1901.

b Loc. cit. See p. 39.

c Heath, Harold. Loc. cit.

d Feytaud, J. Op. cit., p. 567, fig. 21.
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Leucotermes virginicus and L. flavipes.

a, L. virijinirmt, neotcinic lurval n'lirodiK'tivf form; /), I.. Jlnripis, iit'oteiiiio nymphal repro-
ductive form ((lueeii); c', c-, L.jinrijK s, neotcinic larval qnccn.s, dorsal and ventral view.s

(noteabsenceoi wingpads). From etherized si)ecimens. Enlarged 10 times. (Original.)
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Mr. W. B. Parker, of the Bureau of Entomology, has found two

largo fertilized true queens of Leucotermes lucifugus in redwood hop-

poles in California. These queens were found in May, one being

approximately 8 millimeters in length, with 11 segments to the

antemiae, the other approximately 6 milUmeters in length, with

antennae broken. Like the queen found by Mr. Schaeffer, the ab-

domens were not fully distended.

At Falls Church, Va., during the seasons of 1912, 1913, and 1914,

numerous nymphs of the second form, in stages before, during, and

after molting, were found by the writer; also young and mature

neoteinic reproductive forms and young and mature true royal indi-

viduals.

On April 23, 1912, at Falls Church, the first colony oijiavipes was

found with a nymph of the second form present. The abdomen
was noticeably broader, and this nymph was active and associated

with nymphs of the first form. The nymphs of the first form were

fidly developed and in various stages to the sexed adults with imma-
ture pigmentation. Freshly hatched young larvae were present. The

day was sunny and warm.
On the same day a colony oijlavipes was found in a decaying tulip

tree stump, established well in the heartwood. Sexed adults with

mature castaneous-black jjigmentation were present and flew when
the colony was disturbed. They were not present in large numbers,

and all were in the outer layers of the wood. No fully developed

nymphs in the stage just before the final molt were present, which is

remarkable, as they were apparently present in all other near-by

colonies. Very young nymphs and half-grown nymphs, as well as

larvae just hatched and young to medium-sized larvae, workers, sol-

diers, and two neoteinic males (mature kings ?) were present. They
were active and in the outer layers of the wood. The abdomens
of these males tapered mai'kedly, being narrower at the end of the

abdomen. They had a yellowish brown pigmentation, and in one

king the compound eves were without a trace of pigmentation.

(PI. VIII, fig. 2, a.)

A small colony oijlavipes was found on Api-il 25, 1912, under a

small chestnut slab lying on the ground, exposed but sunken com-
pactly into the moist earth. The day was sunny and warm. Fully

developed nymphs of the first form were the most abundant stage,

although some f(^w transforming nymphs and a few sexed adults

with dark pigmentation, as well as a few soldiers and workers, were

present. The next most abundant caste to nymphs of the first form

was nymphs of the second form, of which 90 were present and 4

were molting. They were active, much more so than nymphs of the

fu-st form. Most of these forms were either in shallow tunnels in the

earth or on the earth, but a few were found in the decaying wood.
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On the same day a single nymph of the second form was taken in a

small colony under a strip of chestnut bark compactly j)ressed into

the ground ; this nymph was associated with nymphs of the first form.

In two other colonies single nymphs of the second form wore found
associated with sexed adults under the bark on decaying chestnut

stumps. Normally, but relatively few nymphs of the second form,

as compared to nymphs of the fu'st form, are present in colonies.

In another colony about one dozen nymphs of the second form,

one of which was molting, were found associated Avith adults with

pigmentation in various stages of development to maturity. A few
of the latter with mature pigmentation had only one pair of wings

unfolded, whereas others were present with the wings at the tips

still compactly folded.

In a near-by colony, nymphs of the second form that had com-
pleted the final molt were present with sexed adults, but unlike the

foregoing they are darker, some being pigmented. Very young
larvje were present in the outer layers of the wood. The acquisi-

tion of pigmentation in neoteinic royalty apparently is a sign of

maturity and old age.

On May 27, 1912, 40 neoteinic forms, for the most part fertilized

queens, together with females in which the abdomen was not greatly

distended, were found in the more solid wood of a decaying chestnut

slab on the ground. (PI. XII, fig. 2.) Smaller forms, males, with the

abdomen not oblong or distended were present in the colon3^ Most
of these forms were congregated in the longitudinal royal chamber,

in which young were also present. According to Grassi, ° in case of

lucifugus, ''The colony must therefore rear fresh (complementary)

kings every year [?], which become mature in August and Septem-

ber, fertilize the c|ueens, and die." In colonies in Virginia neoteinic

reproductive forms of flavipes are being developed from nymphs of

the second form during April and May and are matured by May to

June. In case of virginicus these reproductive forms are matured

by July to August. There is a seasonal variation. There is no

conclusive evidence that the kings do not live as long as the queens.

They are not always present with the queens in colonies, but being

so much moz'e active are more likely to elude capture.

Two sexed adults, a royal couple, were captured by C. T. Greene

at Falls Church, on November 12, in the frass in an old burrow of

Prionoxystus rohinix Peck, in the base of a living chestnut tree.

Three royal individuals were present in the frass, and were located

from 2 to 3 inches deep in the burrow. Four to six (at most) young

were present, and, according to Mr. Greene, apparently all were

workers.

« Grassi, B., and Saodias, A., op. cit., p. 298.
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On November 18, 1912, two larval (ergatoid ?) reproductive forms

with a yellowish pigmentation and rudimentary wing pads were
found in passages in the ground under a decayed stump at Falls

Church.

Nymphs of the second form greatly outnumbered nymphs of the

fii-st form in a colony oijlavipes taken in a decaying oak limb on the

ground on March 22, 1913, at Black Mountain, N. C.

On April 17, 1913, at Falls Church, molting nymphs of the second

form of flavipes were found together with molting nymphs of the

fu'st form, some of the former of which had already molted and
attained the chai'acteristic yellowish })igmentation.

Molting nymphs of the first and second forms of virginicus were
found on April 30, 1913, at Falls Church, under decaying slabs of

wood on the ground.

Mr. H. S. Barber, of the Bureau of Entomology, on May 30, 1913,

on the Virginia shore of the Potomac River, opposite Plummers
Island, Md., found a neoteinic reproductive form of fiavipes. This

was a queen exceeding 6 millimeters in length, with wing buds and
17 segments to the antennae. This queen was associated with

workers, soldiers, and young in decaying pine wood on the ground.

(PI. XIV, 6.)

On May 26, 1913, nine neoteinic queens oi fiavipes with distended

abdomens and one king were found near Charteroak, Pa., in the

interior of a decaying maple stump. Freshly hatched young and
young larvae were numerous. The queens were not in separate cells,

but were active and associated with workers and soldiers. (PI. XV.)
Mr. H. G. Barber, under the title "Another Queen of the White

Ant Found," states:'*

TMiile on a collecting excursion last Fourth of July with Mr. Charles E. Sleight, at

Lake Hopatcong, N. J., I found a small colony of white ants beneath a small log

where they had made some tunnels along the ground beneath the log. Among the

individuals was captured a fully develojied queen, which was preserved and presented

to the local collection of insects, at the American Miiseum of Natural History.

A large fertilized true queen and a king oi fiavipes were found on

August 5, at Veitch, Va., in a large colony associated with workers,

soldiers, and young and several hundred unhatched eggs in the

sound outer layers of wood, about 1 inch in from the exterior, near

the base of a dead standing chestnut tree. This tree had died at

least two years previous, but this may not approximate the age of

the colony, since termites often infest the bases of living trees by
obtaining entrance thi"ough old abandoned insect burrows. The
king was hidden beneath the queen, which was about 14 millimeters

in length. The antennae of the queen in this instance were mutilated

o Barber, H. G. Another queen of the white ant found. Jour. N. Y. Ent. Soc, v.

22, no. L p. 73, March, 1914.
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and the workers and soldiers were very solicitous. It is evident that

the qiioon is fed on food prepared by the workers, since her abdomen
became markedly shrunken when she was isolated.

On August 7, 1913, another true royal couple of this species was
found near Chain Bridge, Va., in the interior of a decayed yellow

poplar (tulip tree) log lying on the ground. The colony was small

and the abdomen of the queen was not fully distended, being more
flat than oblong. (PI. XVI, h, king.)

On August 15, 1913, at Falls Church, a young neoteinic repro-

ductive form? (female) of virginicus was found in an experimental

stake of decaying yellow pine which had been set in the ground a

year previous. The queen ( ?) was of a dirty yellow color with four

grayish-black longitudinal markings on the epicranium, and grayish-

black markings between the coxae and mesothoracic andmetathoracic

tergites. The length was 4.5 millimeters. The segments to the

antennae were mutilated, one antenna having 11 segments. (PI.

XIV, a.) There was no pigmentation to the compound eyes.

On September 17, 1913, near Chain Bridge, Va., numerous nymphs
of the second form of Jlavipes of mature size were found associated

with nymphs of the first form in the sound heartwood of a decaying

black locust stump. The nymphs of the first form had well-de-

veloped wing pads.

On November 3, 1913, at Falls Church, nymphs of the second form

of Jlavipes were found associated with those of the first form in the

sound wood of a decayed oak stump near the ground. Young were

present in this colony.

In 1914, on April 17, the first fully developed nymphs of the second

form of Leucotermes Jlavipes were found in colonies at Falls Church,

Va.

A large true queen of Jlavipes was found in a decayed oak stump
about 5 feet high on July 17, 1914, at Falls Church. The tree had

been dead for at least three to four years, and the stump was about 14

inches in diameter and still had the bark on. This queen, which was

oblong but somewhat quadrate—4 millimeters in width—was 14^

millimeters in length (measured while alive "'), and in color had a

sUght tinge of greenish-yellow or opaqueness. The antennae had seg-

ments missing. The colony was very large. Numerous eggs were

present in the galleries in the decayed wood, and the queen was

found in an elliptical cell about 2 inches in the wood from the exte-

rior; the sides of the cell were cleanly eaten out. The royal cell was

situated about H feet above the surface of the ground. The male

was not found.

a The abdomens of queena become further elongated during the killing and fixing

procosa, and hence in photographs of preserved specimens there is an apparent loss

in width.
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Leucotermes flavipes.

a, Dorsal, 6, ventral, and c, c', lateral views of abdomen of fertilized nymphal neoteinic
queens, a and c', Enlarged 7 times; b and c, enlarged 10 times. (Original.)
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In a near-by dead oak tree about 1 foot in diameter, which had

been dead probably for two years, anotlier true queen of this species

was found on the same day. Tliis queen was oblong and approxi-

mately 12^ millimetei's in length (measured while living). The royal

cell was in the decayed wood about one-half inch from the exterior

at the base of the tree near the roots. The colony was large in num-
bers. Hundreds of eggs in clusters were in shallow galleries under the

bark. The male was not found. Sometimes eggs in large clusters

were found in deep, transverse, conical ledges or notches, attended

by workers.

When the royal cell is cut mto and the queen removed, the large

number of attending soldiers and workers become very much ex-

cited, as evidenced by constant convulsive movements or sudden
jerking of the whole body.

In this same woodland, on July 20, four neoteinic queens of

jiavipes were found in the more solid wood of a low (the wood above

ground being nearly disintegrated) decayed oak stump, near the

surface of the ground. One queen was of the normal neoteinic type,

developed from a nymph of the second form, being 9 millimeters in

length, with wing pads present. The compomid eyes were pig-

mented, and the antennae consisted of 16 segments. The other three

neoteinic queens were of a type not previously found in colonies by
the wi'iter. These queens, of a straw-colored pigmentation, were

7, 6, and 5 millimeters in length (measured while aMve), respectively.

In shape the abdomens are oblong quadrate, like those of the true

queens. The antennae comprise 15 segments, which have a tinge of

grayish-brown pigmentation to the dorsal surface. No wing-pads or

rudimentary buds are present. The compoimd eyes are without

pigmentation. The head, thoracic segments, and tergal and sternal

"nota" (chitinized tergal and sternal areas) are not as broad as in

neoteinic reproductive forms developed from nymphs of the second

form. In these larval queens, as in true queens, the segments of the

abdomen are less projecting than in normal neoteinic queens, and the

"nota" are less semicircular. The mouth parts and legs are also less

gross in structure. Indeed, these queens more nearly approach the

true queens as to these points. (PL XIV, c.) They were prob-

ably developed from larvae of the sexed forms. The outline of rows
of numerous eggs in various stages of development could be seen

through the body tissue imder a high-power Zeiss binocular. The
body tissue of normal neoteinic queens is coarser and thicker. This
is the first time that reproductive forms of apparently different types
have been found in the same colony of this species. The colony of

termites in which these queens were found was small in numbers.
AJl the queens found by the writer in July, 1914, at Falls Church

were captured within an area of ground less than an acre in extent.
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It is believed that the spread or distribution of a colonY may be

largely dependent on the su])])ly of decaying wood near by; that is,

if there is a large amoimt near by (as colonies in large dead trees) the

colony A\ill not branch out over a large area.

On August o, 1914, at Falls Church, a true royal pair of ifa ripes

was foimd in a cell in the more soMd wood of a deca^-ing oak chopping

block, that is, a section of a log that had been put to this use in the

woods. The cell was in a knotty area of solid wood about H feet

from the gromid but in the outer layers. The king was hiding

beneath the queen, and is 6 millimeters in length. The abdomen is

distended and the antenna^ nmtilated. The queen was of large size

(probably 10 to 12 millimeters in length) but was crushed in cutting

into the royal cell. The colony was large, and galleries extended from

the ground up through this block and another similar block placed on

top of it. The termites had filled in the crevices between the two

blocks with clay, and larvae, pupte, and adults of Homovalgus squa-

miger Beauvois, a scarabieid beetle, were present in the termite

galleries in the clay or in pupal cells.

In the same woods several young royal pairs ofJlavipes wore found

estabhshed in mcipient colonies in the outer layers of a decaying

chestnut slab partially sunken m the gromid. Each pair was in a

shallow cell excavated in the wood and was surrounded by a few

young larvae (a half dozen to a dozen) . A few unhatched eggs were

present in some of the cells. In one of the cells three adults were

present instead of simply one pair. This is quite often the case in

incipient colonies.

At Veitch, Va., on August 12, eight neoteinic reproductive forms

oi jlavipes were found in a decaA^ing ^^^ellow pine stump. They were

in the more solid wood about 1 foot from the ground, but in the

outer layers. Five were females and thi-ee were males or kings.

The females were all about 7 millimeters in length, wiih abdomens
distended with eggs, but with the segments not markedly separated

except near the end of the abdomen, where the latter was lumpy and

distorted, due to distension. The males, with narrow, slender abdo-

mens, were all about 6^ millimeters in length, but had, instead of the

straw-colored pigmentation of the females, a darker pigmentation

streaked "wdth grayish-black markings on the head and borders of

the tergites and sternites and between the coxae and the mesothoracic

and metathoracic tergites. The antennae of these reproductive

forms consisted of 16 to 17 segments. These forms were developed

from nymphs of the second form. The colony was not very large,

but numerous unhatched eggs and young larvae were present.

At Lake Toxaway, N. C, on August 27, 1914, an ergatoid c[ueen

of Leucotermes virginicus was found under a large flat rock in a shallow

cell in the earth. Workers, solcUers, and young were aggregated
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under the stone, but the colony was not large. This queen had no

trace of vnn^ pads or pigmentation to the compound eyes, if present.

The abdomen is oblong-ovate, being distended; its length is 5 milhme-

ters. The antennae are mutilated. Workers and soldiers surrounding

the queen ran up and touched her with the antennae and then evi-

denced excitement and alarm by the convulsive jerking of the body
backward and forward.

This locality is a wooded, rocky hillside at an elevation of about

3,400 feet above sea level. There had been surface fires through the

forest. It was noted that termite colonics were unusually abundant
in the earth under stones in this locality, which is apparently the case

as the higher elevations are reached.

On September 15, 1914, near Chain Bridge, Va., well-developed

nymphs of both the first and second forms oijlavijjes were found in a

colony in the more solid wood of a decaying chestnut stump. There

is an annual seasonal variation in the degree of development the

nymphs of the first form have attained by late fall; sometimes the

wing pads are long and the nymphs apparently nearly mature; in

other 3^ears in March these mnnphs will still have comparatively short

wing pads. There is sometimes also a variation in the different

colonies.
UESCRIPIIO-N OF THE REPRODUCTIVE FORMS.

As has been previously stated, the abdomens of both the young
queen and male increase slightly in size and become distended after

swarming. The abdomen of queens (flavipes) that had laid eggs

during July, in January (9 months after swarming) were oblong and
somewhat distended, the segments of the abdomen being slightly

separated and showing white tissue between. The queens are dark
castaneous in color and the males more blackish. The legs, tarsi,

and tibiae are markedly light yellowish in color in both sexes. After

the swarming the abdomens of the males become only slightly dis-

tended.

The gradual distension of the abdomen of the queen, brought
about by ovarian development, necessitates the separation of the ab-

dominal tergitcs and sternites, and the connecting tissue between the

abdominal tergites, pleurites, and sternites becomes remarkably dis-

tended, or more probably, according to Hagen,® as stated by Riley,

there is actually further growth after the insect has reached the
imaginal stage. It may be noticed from the illustration of the true

queen found by the writer on August 12, 1911 (PI. XIII, h), that

there are two brownish scars located on the pleural tissue on the right

side of the abdomen. These were not noticed until the queen was

a Riley, C. V. Termites, or white ants. Proc. Biol. Soc. Wash., v. 9, pp. 31-36,

Apr., 1894.
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removed from the cell, and were probably due to injmy received in

sliipmont, as the queen was not taken from the royal cell, but a small

block of wood was cut out of the pole, the whole having been placed

in a vial of alcohol. The queen was partly out of the cell and the

scars were probably due to abrasions by small fragments of jagged,

projecting wood. This is stated in detail, because it might be

thought that the wounds were "battle scars."

Attached to the mesothorax and metathorax in true queens are

the stubs of wings, lost at the time of swarming. The head, thorax,

and scutellar area ("nota") of the abdominal segments of true queens

are more heavily chitinized and more deeply pigmented with casta-

neous brown than in the neoteinic queens, developed from nymphs
of the second form, which are straw-colored (PI. XIII, a) ; conse-

quently, the nonfunctional eyes and ocelli are not so prominent in

neoteinic queens, which never develop wings and which always" (?)

remain in the parent colony. The head, thoracic tergites, and ab-

dominal tergites and sternites are both longer and broader than in

the true queens, which same differences are apparent in the nymphs.

(PI. VIII.) In true queens the mesothoracic and metathoracic ter-

gites have a distinctively irregular shape. The chitinized "nota" of

the abdominal tergites and sternites more markedly approach the

semicircular in shape and are much more projecting in neoteinic

queens developed from nymphs of the second form. However, in

younger (smaller) true queens (Jlavipes and lucifugus) the tergites

and sternites are slightly more projecting than in older queens.

Furthermore, the legs are more slender and the mouth parts slightly

smaller (less gross) in true queens. The mesothorax and metathorax

and pigmented, chitinized "nota" have a distinctive shape in the

neoteinic larval queens. (PI. XIV, c.)

In matured true queens (of both Jlavipes and lucifugus) ribbons of

parallel ovules of various sizes and stages of development are visible

(under high-power Zeiss binocular) through the tissue of the abdo-

men, where there are no deposits of fat. Sections through the body

show an enormous ovary development, with ribbons of ovules in

progressive stages of development. In a lateral or dorsal view of the

abdomen of the true queen, small, round spiracles can be seen, set

in at the base of the lateral slope of the tergites. (Fig. 13, a and c.)

The spiracles are approximately similarly placed on queens of spe-

cies in the genera Calotermes llagen, Termopsis Heer, and Eutermes

Fr. Miiller. In some tropical species, as in Termes hellicosus, the

spiracles are located in the pleural tissue of queens with enormously

« Tt may be possible that subcolonies or offshoots of large old colonies are estab-

lished by these mobile queens and workers and soldiers by means of subterranean

passages to decaying wood.
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distended abdomens, an indication of displacement by actual post-

adult growth ( ?). In tropical species of Eutermes the enormous de-

velopment of the ovaries in old queens crowds the digestive and ex-

cretory organs to the ventral surface of the abdomen.

Situated on the vertex of the epicranium is a small depression

which appears as a rather prominent white spot, under the binocular

microscope, in workers, nymphs, and neoteinic royal individuals of

Jlavipes. This depression, slightly larger in diameter than an ocellus,

is also present in the soldiers and in colonizing individuals. This

is the "retrocerebral gland "'^ mentioned by Grassi,^ as a "* * *

[gland of unknown function," [existing in lucifugus] " (oiAy '^) in the

nymph of the first form,

the perfect insect, and

the soldier. It elimi-

nates a transparent se-

cretion which can be

squirted out for some
distance."]

While the abdomens
of neoteinic queens ap-

pai'ently never become
as elongate as in true

queens, they become as

much distended, but

have not the oblong or

quadrate shape, being

more oval, or wider
near the end of the ab-

domen, which tapers

markedly. At the end

of the abdomen of true

queens the chitinized

parts are more compressed or fused than in the neoteinic forms.

Fertilized, neoteinic queens, developed from nymphs of the second

form, range in length from 9 to 12 millimeters. The males are of the

same length as the nymphs from which they develop; their abdomens

are compressed laterally and taper toward the end, and ''therefore

seem to have a more narrow ridged back" (Odenbach).

Neoteinic or supplementary royal individuals are obtained from an

arrested early stage in the development of the nymphs of the first

« Homologous to the small head gland of worker-like larvise of Eutermes, which lar-

vae develop to nasuti, with a nose-like process (?).

b Grassi, B., and Sandias, A. Op. cit., p. 317.

a 6 c

Fig. 13.—Leucotermcs flavipes: Fertilized, true queen; dorsal (a), ven-

tral (&), and lateral (c) views of abdomen. Drawn from specimen

preserved for three years in alcohol. Note position of spiracles.

(Original.)
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form, or even larvae, as young are kept in an undifferentiated state,

which can be speedily turned into reproductive forms that serve as

substitutes. Fritz Miiller** compares the modes of diffusion and re-

production to those of plants which continue the species by means of

cleistogamic as well as perfect flowers, the neoteinic forms correspond-

ing to the cleistogamic flowers which are supplementary, emergency

forms for use in case the perfect flowers (or winged colonizing forms)

should fail. The winged forms would furnish a possible, but not

probable, escape from interbreeding, since, usually, males and females

from the same colony pair. Neoteinic supplementary forms are pro-

duced not only to counterbalance the loss of true royalty but also

for the purpose of extending the colony.

DATES OF THE SWARMING OF LETTCOTERMES.

Colonizing individuals of Leucotermes Jlavipes usually swarm in

the forenoon during the first part of April and May in the southern part

of the eastern United States. Farther north the swarm occurs later,

usually the last of May or early June. Hagen ^ mentions an excep-

tionally large swarm which occurred in Massachusetts. The sexed

adults normally emerge earlier in infested buildings. According to

E. A. Schwarz, sexed adults swarmed from infested beams in the

floor in the basement of the old United States National Museum on

March 15, 1883, the second year after the opening of the museum.

The following year they swarmed during the latter part of March.

On April 16, 1910, sexed adults, possibly from the same colony,

swarmed from crevices between the bricks in the sidewalk opposite

the old National Museum.
On March 30, 1908, sexed adults came up through cracks in the

floor in a building at Philadelphia, Pa.

Mr. Schwarz states, in an article entitled "Termitidse Observed in

Southwestern Texas in 1895": '^

TermesJlavipes Kol.—Common throughout southwestern Texas and very destructive

to woodwork in houses. An immense swarm of winged individuals [lucifugusf]

issued from several houses at San Diego [Tex.], on October 25. I was informed that

in early spring another flight takes place in buildings infested by termites [Jiavipesf].

WTiat appears to be the same species is also common in sticks and branches lying on

the ground in the chaparral, but I failed to get the winged form from such situations.

a Miiller, Fritz. Beitrage zur Kenntniss der Termiten. III. Die Nymphen mit

kurzon.Fliigelscheiden (Hagen), "nymphes de la deuxifeme forme" (Lesp^). Ein

Sultan in seinem Harem. Jenaische Ztschr., Bd. 7, Heft 4, p. 451-463, figs. 3, Novem-

ber 18, 1873.

b Hagen, H. Some remarks upon white ants, Proc;. Boston Soc. Nat. Hist,., vol.

20, p. 121-124, December 4, 1878.

c Proc. Ent. Soc. Wash., vol. 4, no. 1, p. 38-42, November 5, 1896. See p. 38.
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W. D. Hunter states °':

Termes flavipes K. is not uncommon in Texas, where swarms occur ordinarily

diu-ing the early part of the season. In 1911, however, the insect did not come into

notice until about the middle of October [lunfugusf]. At that time much more than

usual numbers were to be seen throughout the State.

Often several swarms emerge from the same colony in the same
year. At McDonogh, Md., m April, 1913, according to a correspond-

ent, sexed adults swarmed from the woodwork of a house, the beams
being honeycombed. A very large swarm issued on April 6, another

on April 13, a third on April 18, and a fourth swarm issued April 25,

comprising in all four distinct swarms. In size, however, the first

swarm, from my observations, is usually the largest. (Fig. 12.)

Leucotermes virginicus swarms during the forenoon in the vicinity

of Washington, D. C, usually one month later than jlavipes, or in

early June. However, on August 11, 1913, at Falls Church, Mr.

WiUiam Middleton observed a large swarm to emerge from a small

chestnut corner stake w^hich was set in the ground. The colony,

which was not large, swarmed at 12.30 p. m.

Leucotermes lucifugus, according to Heath, ^ swarms "* * *

at different times between the months of October and April * * *."

''It usually takes place about 11a. m."
During the early part of May, 1909, sexed adults of Leucotermes

sp. (probably j^awp^s) were observed by the writer emerging in great

numbers from the ground in the fenced yard of an old house located

in a pine grove near Woodville, Tyler County, Tex. The swarm
occurred in the forenoon of a warm, sunny day.

The following notes were made by members of the branch of

Southern Field Crop Insect Investigations, in charge of Mi\ W. D.

Hunter:

On September 12, 1910, a light shower fell, and before the rain had entirely stopped

the air was full of flying termites; this lasted one horn-. On December 16, 1910, there

was a swarm [lucifugus] at Dallas, Tex. After a rain at Dallas, October 13, 1911, there

was a swarm; another rain brought them out on October 16, 1911. On October 18,

1912, there were swarms of termites at Dallas, following a two-day's rain.

It will be seen from the foregoing that reUance, in the determination

of species, can be placed on the dates of swarming, since the species

Jlavipes never swarms in the fall in the eastern United States.

Apparently rainfall has no influence on the time of swarming, as is

the case in Texas.

a Hunter, W. D. Some notes on insect abundance in Texas in 1911. Proc. Ent.

Soc. Wash., vol. 14, no. 2, p. 62-66, June 19, 1912. See p. 63.

b Op. cit., p. 52.
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ASSOCIATION WITH ANTS.

Grassi " and Escherich '' have given interesting accounts of the rela-

tions between termites and ants. S. A. Forbes '^ states that Jiavipes

has been found associated with Formica schaufussi Mayr. H. C.

McCook^ states th.di.t jiavipes occurring under stones in the neighbor-

hood of the Alleghenies were seized and carried off by the mound build-

ing ants {Formica exsectoides Forel) when disturbed. J. C. Branner ^

refers to the common ants as being enemies of the termites. King f

has noted the association of termites wdth ants. The following brief

notes have been made while investigating damage by termites to trees

and forest products

:

Termites and ants are commonly to be found inhabiting the same
log or stump, yet ants are the enemies most to be feared by termites,

as they %vill capture and carry away the members of a disorganized

colony. Ordinarily the relations between termites and ants seem
to be neighborly and peaceful. If the termite colony is opened

up and disorganized, the ants at once take advantage of the oppor-

tunity and carry away the termites, which offer but little resistance.

Ants of several species may be attracted to such a helpless colony

from a distance. The soft-bodied soldiers are apparently not very

effective in such emergencies, although in the narrow channels of

the colony, where the powerful head with open mandibles is the only

front presented to the marauding ants, they afford some protection

to the colony.

Two species of carpenter ants {Camponotus pennsylvanicus ]\Iayr

and Cremastogaster lineolata Say^) are the ants which more com-

monly have been found associated with termites in the eastern

United States. The latter species, due to its small size and rapidity

of movement, is a most formidable enemy.

Ants greatly diminish the number of the colonizing individuals at

the time of the swarm, carrying them away as they are running

about on the ground. Soldiers and workers guard the breaches from

which the sexed adults have emerged, possibly to keep the greedy

ants from following their prey to the parent nest.

« Grassi, B., and Sandias, A. Op. cit., p. 282-283.

b Escherich, K. Die Termiten oder weissen Ameisen. Eine biologische Studie,

p. 122-126, Leipzig, 1909.

c Forbes, S. A. Nineteenth Report of the State Entomologist on the Noxious and

Beneficial Insects of the State of Illinois, p. 198, Springfield, 111., 1895. The white

ant in Illinois (Termesjlavipes, KoUar), p. 190-204.

<^ McCook, 11. C. Note on mound-making ants. Proc. Acad. Nat. Sci. Phila. for

1879, p. 154-156, August 12, 1879.

« Branner, J. C. Geologic work of ants in tropical America. Bui. Geol. See.

Amer., v. 21, p. 449-496, figs. 11, pi. 35, August 20, 1910. See p. 478-479.

/ Loc. cit.

e Identi. id by Mr. Theodore Pergande, of the Bureau of Entomology.
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TERMITOPHILOTJS INSECTS.

The presence of termitopliilous insects or "guests" in colonies of

Leucotermes jiavipes in the United. States has been recorded by

several writers on termites. Mr. E. A. Schwarz" has published an

extensive list of Coleoptera associated with Jlovipes. Inquilines, or

guests, are found only in permanent colonies and, as brought out

by Mr. Schwarz,'' might be of importance in establishing the original

habitat of a species; that is, if a termite species had peculiar inqui-

lines (guests that do not occur among other species of termites) in one

country and none in another, it would indicate that the termite

species was native to the country where the inquilines occur in its

colonies. Mr. H. G. Hubbard found the staphyhnid beetles Tri-

chopsenius and Anacyptus in a colony with supplementary royalty,

April 20, 1882, near Crescent City, Fla. He also found peculiar

wingless psocids which resemble young termites in a colony of the

latter, near Haw Creek, Fla., March 26, 1895. The note in his field

diary reads:

Termitophilous psocid found with termites in large log of pine, swampy hummock
of Prairie Farm. Several specimens in alcohol, together with worker of termite.

* * * The resemblance to a young termite is perfect, especially in mature speci-

mens. * * * The pvsocid is, however, much more active than the termite and very

difficult to capture. Immature specimens were not rare. * * * The immature

specimens inhabit the galleries of the termites, but are not so apt to be found among

the termites as in their immediate vicinity.

King "^ records three inquilinous staphylinid beetles as associated

with Jiavipes, PJiilotermes pilosus Kraatz, Homalota sp., and Tachy-

porus jocosus Say.

All stages of small scarabseids, Homovalgus squamiger Beauvois and

Valgus canaliculatus Fabricius, are commonly found associated with

termites in decaying wood m Maryland, Virginia, West Virginia, and

North Carolina, and are probably truly inquilinous. From the mid-

dle of July, 1914, prepupal larvae and pupae of Homovalgus squamiger

were commonly found in decaying wood infested by termites and in

the galleries of termites in Virginia. Adults of this beetle begin to

mature about the middle of August. The larvae construct oval pupal

cells in the decayed wood or make them of earth; the interior is

smooth and glossy. This beetle is probably a true inquilme.

o Schwarz, E. A. Termitophilous Coleoptera found in North America. Proc.

Ent. Soc. Wash., vol. 1, no. 3, p. 160-161, March 30, 1889.

Schwarz. E. A. Additions to the lists of North American termitophilous and

myrmecophilous Coleoptera. Proc. Ent. Soc. Wash., vol. 3, no. 2, p. 73-78, January

8, 1895.

^ Schwarz, E. A. Termitidse observed in southwestern Texas in 1895. Proc. Ent.

Soc. Wash., vol. 4, no. 1, p. 38-42, November 5, 1896.

c Op. cit, p. 196.

62896°—Bull. 94, pt 2—15 5
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Beetles of the family Pselaphidse arc frequently found in decaying

wood near termite nests, and some are known to be their guests.

Adults of Tmesiphorus carinatus Say " were found in decaying wood

m which colonies oi jiavipes were present at Falls Church on March

18, 1912. Air. E. A. Schwarz has included this species in his list of

myrmecophilous beetles as ''often found among ants of various spe-

cies." ^ Adults of Batrisus virginise Casey ^ were found in decaying

wood infested with virginicus on the same day.

Adults of the staphylinid, Pldlotermes pennsylvanicus Kraatz*^ were

collected with Jiavipes near Kane, III, August 11, 1911, in the butt

of a decaying white cedar telegraph pole. The species is a true

inquiline, and the beetles are very active. On August 16, 1913, near

Chain Bridge, Va., an adult of Philotermes sp. (possibly fucJisii

Kraatz) (determined by Mr. H. S. Barber of the Bureau of Entomology)

was found m a colony of virginicus. Blatchley '^ records Philotermes

pilosus Kraatz and P. fuchsii Kraatz m the nests of jiavipes in

Indiana.
PARASITES.

Termites are infested externally with mites and internally with

protozoan parasites, but no internal or external feeding insect para-

sites have been recorded by Leidy,'' Grassi,'^ or Porter.-^ Grassi

states that the presence of these protozoa in the intestine retards sex-

ual development, as evidenced in the case of workers and soldiers.

He further states that they are normally absent hi the reproductive

forms and newly hatched larvae.

SUMMARY AND CONCLUSIONS BASED ON THE RESULTS OF
THE EXPERIMENTS.

The following conclusions are based on observations of colonies in

the termitarium, colonies in small tin boxes, and other colonies in

the forest at Falls Church.

Colonizing individuals of both sexes swarm together from colonies

of Leucotermes Jiavipes and L. virginicus from about 1 1 a. m. to 1

p. m., the length of time occupied by the adults in emerging behig

about one hour. No evidence of the separate swarming of the sexes

a Identified by Mr. E. A. Schwarz.

b Schwarz, E. A. Myrmecophilous Coleoptera, found in temperate North America,

Proc. Ent. Soc. Wash., v. 1, No. 4, p. 237-247, May 15, 1890.

c Blatchley, W. S. The Coleoptera or beetles of Indiana, p. 343-344, Indianapolis,

1910.

<^Leidy, J. On intestinal parasites of Vermes flavipes. Proc. Acad. Nat. Sci.

Phila. [v. 29] for 1877, p. 146-149, June 26, 1877.

Leidy, J. The parasites of the termites. Jour. Acad. Nat. Sci. Phila., ser. 2, v. 8,

p. 425-447, pis. 51-52, February, 1881.

« Grassi, B., and Sandias, A. Op. cit., p. 11-13.

/Porter, J. F. Trichonympha and other parasites of Termes Jiavipes. Bui. Mus.

Comp. Zool., V. 31, no. 3, p. 4.5-68, pis. 6, October, 1897.
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or seasonal dimorphism has been observed. However, all the indi-

viduals do not necessarily emerge from the same colony at the same
time, smce there may be several swarms from the same nest. On
May 14, 1912, at Falls Church sexed adults of Jlampes emerged,

although not in great numbers, from colonies, whereas there was

evidence, by the discarded wings on the ground, of an earlier swarm.

Most of the colonizing individuals had swarmed from other colonies

on May 8; yet some individuals, not in the enormous numbers of

the first swarm, were observed swarming from the same colonies on
May 14. \Vhile there may be as many as four swarms, the first is

usually the largest. This may be explained by the fact that there

is an uneven development of individuals. Indeed, a few retarded,

winged, sexed adults (virginicus) may remain in the colony till July

24 (near Kane, 111.) and early August (District of Columbia) or be

found, as individuals, flying. A large swarm of virginicus has

emerged from a colony as late as August 11, 1913, at Falls Church.

The ^vinged insects usually crawl up to some elevated place before

taking flight. There is an enormous mortality of the colonizing

individuals, and insectivorous animals destroy them in great num-
bers. The swarm is not a "nuptial flight."

The so-called "amatory passages" possess a sexual significance,

and there is a mutual attraction between the sexes several days

before the normal period of swarming. This can be observed if the

colony is disturbed and the colonizing forms emerge prematurely, and
is evidenced even before the loss of the wings. This attraction,

probably due to some secretion, continues till after the royal pair is

estabUshed in the royal ceU and copulation has taken place. Copula-

tion probably occurs a week after the swarm of flavipes; that is, on
May 15 adults that had swarmed on May 8 were in the royal cell and
apparently no longer following each other about, head close to abdo-

men, as previously. There is evidence that individuals of neither

sex are sexually mature at the time of swarming, and that there is

further development before copulation, as can be noted in the increase

in size of the abdomen of both sexes.

The colonizing individuals are not all irretrievably lost." The
estabUshment of new colonies by these forms is a normal process.

Although there is an enormous mortality at the time of the swarm,
and a still further diminution in numbers due to inability to become
established under favorable conditions, yet some pairs do become
established. These sexed adults are not necessarily monogamous.

a Perris, E. Nouvelles promenades entomologiques, Termes lucifugus. Ann. Soc.

Ent. France, ser. 5, t. 6, p. 201-202, 1876.

Perez, J. Sur la formation de colonies nouvelles chez le termite lucifuge
(
Termes

lucifugus). Compt. Rend. Acad. Sci. (Paris), t. 119, No. 19, p. 804-806, Nov. 5, 1894.

Heath, Harold. Loc. cit.
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True royal pairs are independent of workers in the foundation of

new colonies; that is, it is not necessary that they be found and

estabhshed in royal cells by foraging workers and soldiers, altliough

it is possible that this occurs, which would then constitute an inde-

pendent colony. New colonies established by sexed adults that

swarmed were found both in the termitarium (where conditions were

similar to those in nature) and in the forest. The king and queen

are equally important; they continue to cohabit and coition is

repeated. The first brood reared by young true queens that have

swarmed consists of workers and soldiers of smaller size than the

normal form.

Neoteinic royal individuals are to be found commonly in colonies

oi Jlavipes in the eastern United States; they are ''ergatoids" or

"neotenes" and are developed by retarding the normal development

of nymphs of the first form at an early stage, and from young larvae;

sometimes as many as 40 or more, consisting of man}^ queens and a

few males, may be present in the same colony. The males are

polygamous. It is believed that these forms are provided (1) when

overcrowded old colonies are spUt up and new, independent colonies

are to be established, or (2) through the actual loss of the true royalty

or by the accidental separation of some members of the colony from

the royalty. This method of the formation of new colonies is sure,

and probably much more rapid in the case of establishment by the

true colonizing forms, as the royalty would receive the care of the

workers, would not have to forage for themselves, and their only

function would be reproduction. The number of eggs laid and the

rate of increase would necessarily be much more rapid, due to the

following facts: (1) The abdomens of mature, fertilized, supple-

mentary queens are nearly as fully distended as in the case of true

queens; (2) the large number of supplementary royalty possible to

be present in a single colony and consequent increase in the number

of eggs laid, and (3) the proper care and nourishment the royalty

would receive.

It is often noted that the antennee of the reproductive forms are

mutilated, that is, have a greater or less number of segments missing.

However, this is not always the case in young re})roductive forms.

The loss of the segments in individuals in long-established colonies

might be due to the treatment the latter receive from the workers, or

from being dragged about by them, but the antennae are sometimes

mutilated in individuals in inci])icnt colonies.

There is a series of molts and "quiescent stages" in the develop-

ment of the larvae of the castes; caste differentiation occurs during

such a stage, which corresponds somewhat to the pupal stage in

insects with complete metamorphoses.

In conclusion, the more important facts may be summarized as

follows: There is great variation in the life cycle of Leucotermes;
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IiG. 1.—Chestnut teleplione pole, with base
charred but tjasal area untreated. This
pole has been standing near Dover, N. J.
for eight years. (Photograpli loaned bv
L nited States Forest Service.

)

Fiii. 2.—Pine flooring honeycombed bv ter-
mites at New Iberia, La. (Original.)

Damage by Termites.
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these insects are adapted to meet emergencies successfully and over-

come obstacles without the disorganization of the colony. New
colonies may be established (1) by the sexed colonizing adults that

invariably swarm and leave the parent colony; (2) by neoteinic royal

indivi(kials, prockiced from nymphs of the second form which never

(?) leave the parent colony, or from young larvae, as in colonies

orj)haned after the nymphs of the first form have nearly completed
their development; (3) by neoteinic reproductive forms supplied to

orphaned colonies, which may be derived from nymphs of the first or

second forms, or larvae. Nests headed by true royalty are not rare,

but many difficulties are to be surmounted in their establishment by
sexed adults; such recently established colonies are small in number.
Nests headed by neoteinic reproductive forms are more commonly
to be found, as this is a more sure and more ra])id method of estab-

lishment. Colonies established by neoteinic reproductive forms
necessarily increase in size more rapidly due to the numerous egg-

laying queens and the care and food they receive from the workers.

Subcolonies or temporary colonies are frequently found with only

workers and soldiers present; these subcolonies, which furnish

increased facilities for habitation and food supplies, are possibly

offshoots from the parent colony or nest and are established by
means of subterranean passages, which are extended for long dis-

tances by foraging workers and soldiers.

THE DAMAGE TO FOREST PRODUCTS.

Termites seriously injure construction timbers in bridges," wharves,
and like structures; telephone and telegraph poles ^ (PI. XVII, fig. 1),

hop poles,'' mine props,*^ fence posts and rails or boarding; lumber
piled on the ground, railroad ties set in the ground (not where there

is stone or slag ballast or heavy traffic), woodwork (PI. V; PI. XVII,
fig. 2) in new and old buildings,^ and especially seriously damage the

wooden boxing or ' 'conduits " of insulated cables placed in the ground
(to the detriment of the insulation) ; tent pins and ridge poles, wooden

aHagen, H. A. The probable danger from white ants. Amer. Nat., v. 10, no. 7,

p. 401-410, July, 1876.

b Snyder, T. E. Insects injurious to forests and forest products. Damage to chest-

nut telephone and telegraph poles by wood-boring insects. U. S. Dept. Agr., Bur.
Ent., Bui. 94, pt. 1, pp. 12, figs. 3, pis. 2, December 31, 1910. See p. 9-10.

c Parker, W. B. California redwood attacked by Termes lucifugus Rossi. Jour.

Econ. Ent., v. 4, no. 5, p. 422-423, October, 1911.

d Snyder, T. E. Insect damage to mine props and methods of preventing the

injury. U. S. Dept. Agr., Bur. Ent., Circ. 156, pp. 4. July 13, 1912. See p. 2-3.

^Marlatt, C. L. The white ant. (Termes Jlavipes Koll.). U. S. Dept. Agr., Bur.
Ent., Circ. 50, rev. ed., pp. 8, figs. 4, January 27, 1908.

Hopkins, A. D. Insect injuries to forest products. U. S. Dept. Agr. Yearbook
1904, p. 381-398, 1905. \Vhite ants, or termites, p. 389-390.
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beehives and tree boxes; wooden electrotype blocks, and books (PI.

IV) and documents stored in damp, dark places, etc. ; timber in con-

tact with the ground being especially liable to serious damage. Often

the damaged material has to be removed and replaced, or rebuilt.

The wood of no species of native tree of commercial importance is

"immune" to attack, although some are relatively more resistant

than others. Such damage has occurred as far north as Boston and

the shores of the Great Lakes, but greatly increases as the Tropics are

approached. In the Southern States termites are especially destruc-

tive to wooden underpinning, beams, and flooring (PI. XVII, fig. 2),

and all other material of wood accessible in buildings. They enter

buildings by means of tunnels through the ground, by way of wooden
joists, or by means of covered paths (minute "sheds" constructed of

earth and excrement of the superficial consistency of sand), leading to

the woodwork over the surface foundations of stone or other material

which they can not penetrate. This enables them to avoid the light.

Thus termites silently, secretly, and ceaselessly work their insidious

damage, instinctively never perforating the exposed surface of timber,

except to enable the sexed adults to swarm. Sometimes the emerg-

ence of these winged forms is the first indication of their presence,

but at other times joists and floors collapse without warning.

PREVENTIVES, REMEDIES, AND "IMMUNE" WOODS.

Forest products in contact with the ground should be impregnated

with coal-tar creosote, which is a permanent preventive against

attack by our native termites. Coal-tar creosote has many prop-

erties which would recommend its use in this respect, for it is also a

fungicide, and, being insoluble in water, will not leach out in wet

locations. These requirements furnish objections to many chem-

icals that otherwise are very effective insecticides. The various

methods of superficially treating timber, as by charring, by brushing,

or by dipping with various chemical preservatives, among which are

creosotes, carbolineums, etc., have proven to be temporarily effec-

tive in preventing attack,*^ if the work is thoroughly done. If not

thoroughly done, termites enter tlirough the untreated or imper-

fectly treated portions, especially through weathering checks and

knots. Where the bases of poles, mine props, etc., are left untreated

termites enter the timber from below, and, avoiding the treated

portions, come up through the interior. Charred timber is effective

against termite attack for a period less than a year, altliougli it is not

seriously damaged at the end of one year. It will readily be

seen that neither brusliing nor spraying the exterior after place-

a Snyder, T. E. Insects injurious to forests and forest products. Damage to chest-

nut telephone and teleo;raph poles by wood-boring insects. U. S. Dept. Agr., Bur.

Ent., Bui. 94, pt. 1. pp. 12, figs. 3, pis. 2, Dec. 31, 1910. See p. 9-10.
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meiit, US is sometimes practiced, is effective in keeping out termites,

since the portion that sets in the gromid could not be treated, and it

is usually at this point tliat termite attack occurs.

Before treating timber with chemical preservatives, especially

where the brush method is employed, it is essential that the timber

be thoroughly seasoned, otherwise penetration by the preservative

will be retarded.

A treatment with "blue oil" is recorded as apparently effective in

protecting wood against the attacks of ''white ants," or termites,

besides acting as a preservative (fungicide) generally. "Blue oil""

is the residue left in the distillation of mineral oils after the isolation

of kerosene (petroleum) and paraffiji; (a) the oil to be a shale product;

(b) its specific gravity (at 60° F.) to be 0.873 to 0.883; (c) its flasliing

temperature to be not lower than 275° F. (close test).

Many patented w^ood preservatives, advertised as effective against

wood borers, often merely contain simple preservatives, as for in-

stance, linseed oil, to which a slight odor of oil of citronella has been

imparted, or contain simple poisons. For timber to be set in the

ground, brush coatings with linseed oil are not effective against

termites.

An English firm manufactures a saccharine solution which prob-

ably contains a salt as arsenic ^; this patented treatment is supposed

to be efficient against wood-boring insects, especially termites. The

wood is seasoned by immersing in the saccharine solution at 120

to 140° F. This process is being tested.

Impregnation with chlorinated naphthalene may prove effective

against termites, as a preservative for woodwork, in interior finish,

where a requirement is that the preservative should not "sweat"

out, or stain the wood. Treated wood blocks buried in the ground

with termite-infested logs were not attacked after a test of nsarly

six months. <= Impregnation with paraffin wax was not effective

(fig. 14). If the wood is not in contact with the ground, impregna-

tion treatments with bichlorid of mercury and zinc chlorid are effec-

tive. The mercury and zinc in tliis form are both soluble in water.

H. W. Bates, in a paper entitled "On the prevention of destruc-

tion of timbers by termites," Transactions of the Entomological

Society of London, 1864, Vol. I, p. 185, cites preventive measures.

M. J. Berkeley, in The Teclmologist, (London), 1865, Vol. V, p. 453,

gives remedies based on the report by the committee of inquiry into

"The protection of timber against white ants. Trans. Roy. Scot. Arbor. Soc, v. 23,

pt. 2, p. 227-228, July, 1910.

Dixon, W. B. Protection from "white ants" and other ])ests. Nature, v. 85,

no. 2148, p. 271, December 29, 1910.

& Chemical abstracts, v. 7, no. 2, ]>. 408, January 20, 1913.

c Impregnation of wood to resist insect attack. Amer. Lumberman, no. 2009, p. .32,

November L'). 1913.
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the ravages by white ants at St. Helena. Froggatt gives" preventive

measures appHcable in New South Wales.

Fig. 14.—Red oak block, impregnated "with paraffin wax, honeycombed by termites after five months'

test. This was buried in the ground with termite-infested logs. (Original.)

« Froggatt, W. W. ^Tiite ants, with some account of their habits and depredations.

Misc. Pub. no. 155, Dept. Agr., Sydney, N. S. Wales, Sydney, 1897. See p. G-8,

account of de]iredations and methods of prevention.
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The wood-pulp products and various patented " composition

boards" used as substitutes for lath, etc., might be made termite proof

by adding during their manufacture such poisons as white arsenic,

antimony, bichlorid of mercury, zinc chlorid, etc ; tests are being con-

ducted.

In general, serious damage by termites to the wood of fire or

insect killed, standing, merchantable timber can be prevented if the

timber is utihzed wdthin from one to two years from the time that it

was killed, depending on the species of wood and the locaUty—one

year for pine (less in the Southern States) and two years for chestnut.

Forest tree nursery stock should be planted in ground that has

been plowed deep late in the fall of the year in a region where injury

by termites is common.
Marlatt " states regarding white-ant infestation in buildings that

setting foundation beams or joists in concrete is only a partial

protection, since in the settling of the house the concrete will crack

and afford entrance to the insects. Some protection is afforded by
removing decaying stumps or posts, etc., adjacent to buildings, by
drencliing infested timbers with kerosene, and by removing infested

joists in cellars and drenching the ground where they were set with

kerosene (or carbon bisulphid). Where the injuiy is confined to

exposed woodwork in buildings, hydrocyanic-acid gas fumigation ^

is to be recommended, the infested beams and joists beneath being

exposed, if possible, by opening up the floors.

Certain species of wood appear to be naturally highly resistant to

termite attack. Species of wood that, so far as determined by test,*^

have been resistant to attack by our native termites are all tropical

species and woods too expensive for ordinary use, including teak

(Tectonia grandis) from Siam and Burma, greenheart (Nedandra
rodisei) ^ from South America and the West Indies, ''peroba" (several

species of Aspidosperma) from South America, and mahogany
(Swietenia mahoghani) from tropical America. Hagen* states that,

according to Kirby, ''Indian oak" or teak {Tectonia grandis) and
''ironwood " (Sideroxylon) of India are imnmne to attack by termites.

This immunity ( ?) or relative resistance of ironwood is not due to

hardness, since Asiatic termites attack the hardest wood, Lignum-
vitse, but to the presence in the wood of substances (as oils or alka-

" Op. cit.

b Howard, L. O., and Popenoe, C. H. Hydrocyanic-acid gas against household

insects. U. S. Dept. Agr., Bur. Ent., Circ. 163, p. 8, November 29, 1912.

c Impregnation of wood to resist insect attack. Amer. Lumberman, no. 2009, p. 32,

November 15, 1913.

<^This wood has been superficially attacked by termites after 12 months' test; the

wood was eaten to the depth of one-eighth inch.

f Hagen, H. A. Monographic der Termiten. Linnsea Entomologica, Bd. 10, p.

44-45, 1855.
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loids) repellent or distasteful to termites. « The presence of tyloses

or of gums may be factors in determining^ the durability and

resistance of hardwood species. Hagen further states that, wliile teak

is not destroyed by termites, he beheves that even teak wall be

attacked when it has become old or been long exposed to the air.

Hagen states that it is useless to consider tannin as a preservative,

since, according to Williamson, termites will destroy leather. Some

species of woods native to the Phihppine Islands are apparently

inmiune to termite attack.

Capt. Ahern, Chief of the Phihi)pine Forestry Bureau, quotes

Foreman, p. 390, as stating ''that the ''anay," or native termite, ''eats

through most woods (there are some rare exceptions, such as ' molave,'

'ipil,' 'yacal,' etc.)." Capt. Ahern states that

—

The following woods are not subject to attack by anay: "Dinglas" [Eugenia brac-

teata Roxb., var. roxburghit Duthie, family Myrtacose], "ipil" [Afzelia bijuga Gray,

family Leguminosse], "molave" [Vitc/x littoralis Dene, family Verbenacese], and

"yacal" [Tlopea plagata Vidal, family Dipterocarpese].

"Tindalo" [Afzelia rhomboidea Vid.] is attacked by "anay" when there is no other

wood in the vicinity.

"Baticulin" [Litsea obtusata B. and H., F. Vill, fam. Laurinese] is attacked by

"anay, '

' but is not damaged or destroyed, except such parts as are buried underground.

TEST WITH THE WHITE ANT.

Mr. D. N. McChesney, master mechanic at the depot quartermaster shops in Manila,

found last February that his trunk (made of an American spruce) had been invaded

by white ants and was almost entirely destroyed; the clothes contained in the trunk

were also eaten. He placed the trunk on the ground and near it pieces of the following

woods:
Result of SO days' contact with ants.

American woods:

Oregon pine Entered and eaten; a mere matter of time

for complete destruction.

Bull pine Eaten more readily than Oregon pine.

Spruce Do.

Western hemlock Not touched.

California redwood [Sequoia semper- Ants tried, but discontinued after a slight

virens]. effort.

California white cedar Do.

Native woods:

Molave Ate a little of it; deepest hole about one-

fourth inch.

Narra [Pterocarpus indicus Wild., fam- Ate a little of it; deepest hole about one-

ily Leguminosse]. half inch.

Painted wood Ants worked under paint and ate the

wood readily.

a The quality of hardness in wood, while not rendering a species of wood immune
to termite attack, is an important factor in determining the relative resistance of

species of woods. Hardness is a factor in the grading of mahogany lumber.

b Gerry, M. "Tyloses: Their occurrence and practical significance in some Ameri-

can woods. " Jour. Agric. Research, vol. 1, no. 6, p. 462-464, March 25, 1914.

c Ahern, G. P. Important Philippine woods. 112 pp., col. pis. Forestry Bur.,

Manila, P. I., January 2, 1901. See p. 91.
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Hemlock and redwood " are badly honeycombed by our native

species of termites on the Pacific coast, and California white cedar

is honeycombed by the termites of the Pacific coast.

European C3'press (Cvpressus sempervirens Limi.) is reported *

damaged by termites at Rochefort, France.

Cedrus deodar, from India, and Cedrus atlantica, of the mountains

of northern Africa, are reported to be immune ( ?) to termite attack.

Red "deal" is less liable to attack than white ''deal." ^

The following three species of wood remained untouched by ter-

mites for three years in the District of Pretoria, Transvaal: ^ "Lead-

wood" {Combretum prophyrolepsis) ,
" black ironwood " {Olealauri-

folia) ,

'

' vaalbosch " {Brachylsena discolor)

.

In case of certain species of pines, with an extremely resinous heart-

wood, as the "fatwood" of the longleaf pine (Pinus palustris) of the

Southern States, while termites honeycomb the sapwood, the heart-

wood apparently is resistant. Odenbach states that turpentine is

very repellent to termites in artificial nests. In southern Rhodesia ^

the wood of the "mopani" tree (Copaifera mopani) withstands ter-

mite attack for years, and is therefore very suitable for straining

posts for fences, though unfortunately not a timber that can be cut

and squared.

Tests of the relative resistance of various native and exotic woods

have been begun, but as yet no definite conclusions can be drawn.

The heartwood of the following native species of wood is relatively

more resistant to attack by our native termites: Black locust; black

wahiut ^ (cases on record where heavy beams supporting flooring in a

building in Baltimore, Md., were completely honeycombed); eastern

white cedar {Chamseci/paris tJiyoides); eastern red cedar or juniper;

bald cypress of the Southern States; western red cedar ( T/iW^'a plicata)

of Washington, Oregon, and California; incense cedar {Lihocedrus

decurrens) of Oregon and CaUfornia; and Monterey cypress (Cupressus

macrocarpa) of California. AU these species of woods, however, are

attacked by termites.

a Parker, W. B. Loc. cit.

b Hagen, H. A. Monographie der Termiten. Linnaea Entomologica, Bd. 10,

p. 1-144, 1855. See p. 133.

c French, C. Handbook of the destructive insects of Victoria, pt. 2, p. 141, Mel-

bourne, 1893.

d Howard, C. W., and Thom.sen, F. Notes on termites. Transvaal Agr. Jour., v. 6,

No. 21, p. 85-93, illus., October, 1907; v. 7, No. 27, p. 512-520, April, 1909; v. 8, No.

29, p. 86-87, October, 1909.

« Jack, R. W. Termites or "white ants." Rhodesia Agr. Jour., v. 10, No. 3,

p. 393^07, pi., February, 1913.

/ Impregnation of wood to resist insect attack. Amer. Lumberman, No. 2009^

p. 32, November 15, 1913.
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Hagen ° briefs the records of various travelers as to the immune ( ?)

or termite-resistant wood species of the countries of the world.

Froggatt ^ states that in Australia red pine is more resistant than clear

pine; that "jarrah" is said to be resistant, though not immune; and
that desert cypress when sawn up appears to be resistant, but in the

form of logs is not immune. The Rev. Joseph Assmuth, S. J.,'' of

Bombay, India, states that "deal" and ''pukka" teak are injured

by termites; he gives photographs of the damaged specimens of wood.

In answer to a letter of inquiry he states:

The "pukka" teak is what is called here in India "Burmese teak," Tectonia

grandis L. "Pukka" means genuine; it is used here in opposition to the less reliable

timber of "Malabar teak," though both come from the same species of wood. The
difference of both lies, I am told, in the seasoning of the timber, or rather in the differ-

ent mode of felling the trees. In Malabar they cut off a ring of bark from near the base

of the tree, so that the tree dries up while standing still erect, and is then felled. This

seems to cause a gradual withdrawal of the oils contained in the wood, which makes

the wood more liable to the attack of white ants. In Burmah the tree is felled as it

stands and allowed to dry up lying on the ground. Thus the peculiar oils remain in

the wood and are preserved in it, and consequently this timber is less palatable to

the white ants, and shunned by them until in course of time the oils evaporate also.

Then the white ants go for it too. Such, at any rate, is my theory. I can't explain

otherwise why the one sort is at once attached by white ants, whereas the other remains

for a longer period, at least, immune. The case therefore is briefly this: Malabar teak

(here also called "jungle teak") is attacked by the white ants from the beginning.

Burmah or "pukka" teak remains safe for a certain period, sometimes longer, some-

times shorter, but it is not absolutely safe either.

"Dealwood" is the common European wood used for boxes and the like; it is usu-

ally timber of Abies, Picea, or Pinus. It is the wood most readily attacked by ter-

mites of different species.

Kanehira,^ tabulates the results of experiments with a large

number of species of woods as to their relative resistance to termite

attack in Formosa, Japan. Reasons are advanced as to the probable

causes which render the wood "termite proof" ( ?). The conclusions

he draws can not bo accepted without further details as to how the

tests were conducted and after a longer period of experimentation.

Certain of the woods he lists as "immune" are known to be attacked

by termites.

METHODS OF OBTAINING PHOTOGRAPHS FOR THE ILLUSTRATIONS.

The photographs of the insects reproduced in this paper were made
after a method devised by Mr. H. S. Barber, oi the Bureau of Ento-

mology. The specimens were placed either between horizontal

a Loc. cit.

& Froggatt, W. W. "WTiiteants. (Tcrmitidse.) Misc. Pub. 874, Dept. Agr. N. S.

Wales, Sydney, 1905, p. 43-44.

c Assmuth, J. Wood-destroying white ants of the Bombay presidency. Jour.

Bombay Nat. Hist. Soc, v. 22, no. 2, p. 372-384, 4 pis., September 30, 1913.

d Kanehira. On some timbers which resist the attack of termites. Indian For-

ester, v. 40, no. 1, p. 23-41, January, 1914.
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glass slides submerged in alcohol or immersed in water in a chamber
made by gluing glass slides to thin slips of rectangular cover glass

with heated balsam. In this water-tight compartment the speci-

mens can be placed in vertical or horizontal positions. Ether is

used to clear out the cell, which is filled with boiled water, thus

avoiding the formation of air bubbles. If the specimens are placed

head downward, movements of the antennae, due to vibration, can

bo avoided. Cells of various sizes are used, or one large cell can be

utilized by placing thin slips of cover glass back of the specimens to

hold them firmly in position. By clamping the cell to the lens

holder of a dissecting microscope placed horizontall}', focusing can

be conveniently accomplished by adjustments of the screw.

The best results are obtained by etherizing recently killed specimens

that have not been placed in alcohol. A 72 millimeter focal length

lens brings out the characters to the best advantage, if the enlarge-

ment is 6 to 8 diameters.

Many of the photographs were taken by Mr. H. S. Barber and some
by Mr. H. B. Kirk at the eastern field station. Most of them, how-
ever, were made by the photographic laboratory of the United

States Department of Agriculture.
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INDEX.

Afzclxa bijuga, wood resistant to termite attack 80

Afzclia rhomboidea, wood partially resistant to termite attack 80

Agrilus bilincatiis in chestnut, destructive work 6

Alaus sp., damage to chestnut telephone and telegraph poles 8

Anacyptus, "guest," or inquiline, of Leucotermes flavipes 71

"Anay,"' name for native termite of Philippines 80

Ant colonies, feeding of larvse by queen 53

Antimony against termites 79

Ants

—

carpenter, work distinguished from that of termites 22

white. {See Termites.)

Aptera 14

Arsenic

—

saccharine solution against termites 77

white, against termites 79

Aspidosperma spp. , wood resistant to termite attack 79

'"Baticulin." (See Litsea obtusata.)

Batrisus virginiie, association with Leucotermes xirginicus 72

Beehives, wooden, destruction by termites 76

Bichlorid of mercur>' against termites 77, 79

Bisulphid of carbon against termites 79'

Blatta germanica, bibliographic reference 85
" Blattiden " 15
'

' Blatt ides " 15

Blattina 15
" Blattoiden " 15

"Blue oil ' against termites , 77

Books, destruction by termites 76

Brachylstiia discolor, wood resistant to termite attack 81

Bridge timbers, destruction by termites 13

Brush treatments of

—

chestnut poles against insects 9-10

forest products against termites 76

Buprestis rufipes. damage to chestnut telephone and telegraph poles 8

Cable conduits, wooden, destruction by termites 13, 75

Cage for rearing and studying termites 20-22

Calotermes. copulation 51

Calotermes faricolUs—
nymphs, development 41

soldier, metamorphosis 35
Camponotus pennsylvaniens— •

association with termites 70

damage to chestnut telephone and telegraph poles 8, 9

Cannibalism among termites 46-47

Carbolineums against termites 9, 10, 76

55514—16 2 87
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Cedar

—

Page.

California white, wood eaten by termites 81

California white, wood not eaten by termites in experiment 80

Eastern red. (See Juniper.)

Eastern white. (See Chamxcyparis thyoides.)

incense. (See Libocedrus decwrens.)

red. (See Juniperus virginiana.)
,

Western red. (See Thuja plicata.)

Cedrus atlantica, wood reported "immune " to termite attack 81

Cedrus deodar, wood reported "immune " to termite attack 81

Chamxcyparis thyoides, heartwood comparatively resistant to termite attack 81

Charring forest products against termites 9, 76

**Charring the butt
'

' treatment of chestnut poles against insects 9

Chestnut borer, two lined. (See Agrilus bilineatus.)

Chestnut telephone and telegraph poles

—

damage by wood-boring insects 1-12

prevention of injury by insects 8-11

Chestnut telephone-pole borer. (See Parandra brunnea.) >

Chestnut timber, time for utilization to prevent damage by termites 79

Chestnut timber worm. (See Lymexylon sericeum.)

Chlorinated naphthalene against termites 77

Combretum prophyrolepsis, wood resistant to termite attack 81

"Composition boards''

—

destruction by termites 13

treatment to render them termite proof 79

Copaifera mopani, wood resistant to termite attack 81

Cornus florida, ripening of pollen synchronous with first swarm of termites 48

Corrodentia 14

Crcmastogaster lineolata—
association with termites 70

damage to chestnut telephone and telegraph poles 8

Creolin treatment of chestnut poles against insects 9

Creosote

—

coal-tar, a fungicide 76

coal-tar, impregnation of forest products against termites 76

treatments of chestnut poles against insects 9-11

Creosotes against termites 76

Oryptotermes cavifro7is, bibliographic reference 83

Cupressus macrocarpa, heartwood comparatively resistant to termite attack 81

Cnpressiis sempervirens, wood eaten by termites 81

Cylinder-pressure process treatments of chestnut poles against insects 10-11

Cypress

—

bald, heartwood comparatively resistant to termite attack 81

desert, of Australia, wood comparatively resistant to termite attack 82

European. (See Cupressus sempervirens.)

Monterey. (See Cupressus macrocarpa.)

**Deal, red, " wood more resi-stant to termite attack than "white deal " 81

*' Deal, white, " wood less resistant to termite attack than "red deal " 81

••'Dealwood," wood attacked readily by termites 82

*-'Dinglaa." (See Eugenia bracteata var. roxburghii.)

Pipping treatments of forest products against termites 76

Documents, destruction by termites 76

f>oryphora decemlineata, bibliographic reference 85

Earwig. {See Forficula.)
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Elateridse, damage to chestnut telephone and telegraph poles 8

Electrotype blocks, wooden, destruction by termites 76

EmbiidiB 15

"Ergatoids"

—

definition of term 28

development 34

Eugenia hracteata var. roxburghii, wood resistant to termite attack 80

Eutermes cinereus, bibliographic reference 83

Eutermes lacustris—
differentiation of three castes in embryo 17

nasuti, development 41

Eutermes rippertii, bibliographic reference ,. 84

Eutermes (Rippertii?), bibliographic references 15, 84

Eutermes sp. , soldier, metamorjihosis 35

Eutermes spp., displacement of digestive and excretory organs in distended

queens 67

Fence posts, rails, and boarding, destruction by termites 13, 75

Floors, destruction by termites 14

Forest products, crude and finished, destruction by termites 13, 75-76

Forficula 15

Forficulina 15

Formica exsectoides, association with Leucotermes jlavipes =. .

.

70

Formica schaufussi, association with Leucotermes Jlavipes 70

Foundations, wooden, of buildings, destruction by termites 13, 76

Greenheart. (See Nectandra rodisei.)

Hamitermes ( Termes) tuhiformans, bibliographic reference 83

Hemlock, western, wood not eaten by termites in experiment 80

Hemlock, wood eaten by termites 81

Hog-wallows and prairie mounds, relation of termites thereto, bibliography 85

Homalota sp., "guest," or iuquiline, of Leucotermes flavipes 71

Homovalgv^ squamiger—
"guest," or inquiline, of termites 71

in galleries of Leucotermes fla vipes 64

Hopea plagata, wood resistant to termite attack 80

Hydrocyanic-acid gas against termites 79

"Indian oak." (See Tectonia grandis and Teak.)

Insects damaging chestnut telephone and telegraph poles, prevention of injury .

.

1-12

"Ipil." (See Afzelia bijuga.)

"Tronwood, black." (See Olea laurifolia.)

"Ironwood." (See Sideroxylon.)

Isoptera 13, 14, 15, 16

"Jarrah," wood comparatively resistant to termite attack 82

Juniper, heartwood comparatively resistant to termite attack 81

Juniperus virginiana poles less susceptible to insect attack than chestnut poles. 10-11

Kerosene against termites 79

Larva, forms to wliich term is applicable 29

"Leadwood." (See Combretum prophyrolepsis.)

Leucotermes 13-16

Leucotermes Jlavipes (see also Termites of Eastern L^nited States and Termes

Jlavipes)—
adults, colonizing winged, description 30-31

association with ants 70

cannibalism 46-47
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Leucotermes flavipes, etc.—Continued. Page.

colonies, new, establishment 49-53

copulation 50, 51

description of forms, or castes 28-31

distribution 14

egg, description 31

egg laying, rate 51, 52, 53

eggs, seasonal occurrence in colony 43

former studies thereon . . 17-19

"guests, " or inquilines 71-72

installation in termitarium 22

neoteinic reproductive forms, seasonal occurrence in colony 44

neoteinic royalty, mating 51

number of individuals in colony 25-27

nymph, primary form, description 30

nymph, secondary form, description 30

nymphs, development 37-42

nymphs of reproductive forms, seasonal occurrence in colony 43-44

parasites 72

reproductive forms, description 65-68

reproductive forms, occurrence, historical 54-65

seasonal variation in colony 43-45

sense organs 31-32

soldier, description : 28-29

soldiers, seasonal occurrence in colony 45

successive stages in development of the various forms or castes 36

summary and conclusions based on results of experiments 72-75

swarming dates 68-69

swarm, or so-called nuptial flight 48

worker, description 28

Leucotermes lucifugus (see also Termes luci/ugus)—
antennal segments, increase 35

colony formation, bibliographic reference 73

former studies thereon 18

forms, bibliographic reference 36

molts, number 35

nymphs, development 41

reproductive forms, description 65-68

reproductive forms, occurrence 53-54, 57-58, 59, 60

soldier, metamorphosis '. 35

studies on life history and internal anatomy 17

swarming dates 68, 69

Leucotermes virginicus {see also Termites of Eastern United States)

—

adults, colonizing winged, description 30-31

cannibalism 46

description of forms, or castes 28-31

distribution 14

eggs, seasonal variations in colony 43

"guests," or inquilines 72

mention 18

neoteinic reproductive forms, seasonal occurrence in colony 44

number of individuals in colonies 27

nympn, primary form, description 30

nymph, secondary form, description 30
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Leucotermes virginicus, etc.—Continued. Page

nymphs, development 38-42

reproductive forms, occurrence 54, 57-58, 60, 60-62, 64^65

seasonal variations in colony •. 43-45

soldier, description 28-29

soldiers, seasonal occurrence in colony 45

summarj' and conclusions based on results of experiments 72-75

swarming dates 69

swarm, or so-called nuptial flight 48

worker, description 28

Leucotermitinse 16

Libocedrus decurrens, heartwood comparatively resistant to termite attack 81

Lignumvitie, wood not resistant to termite attack 79

Linseed oil against termites 77

Lit ca-obtufcita. wood partially resistant to termite attack 80

Locust, black, heartwood comparatively resistant to termite attack 81

Lumber piled on ground, destruction by termites 13-75

Lymexylon sericeum—
in chestnut, destructive work 7

true queen of Leucotermesflavipes in abandoned burrow 58

Mahogany, (See Suietenia mahoghani.)

Mallophaga 15

Mesotermitidse 13, 16

Metatermitidee '. 16

Mine props, destruction by termites 13, 75

"Molave." (See Vitex littoralis .)

"Mopani tree." (See Copaifera mopani.)

Naphthalene, chlorinated, against termites 77

Narra. (See Pterocarpus indicus.)

Nasuti 41

Nectandra rodim, wood resistant to termite attack , 79

" Neoteinic "reproductive forms of termites, development '. 34

"Neotenes"

—

definition of term 28

development 34

Keuroptera i> ^ 14

Nursery stock, forest tree, prevention of damage by termites 79

Nymph, forms to which term is applicable 29

Odonata 15

Olea lanrifolia, wood resistant to termite attack 81

"Open-tank" treatments of chestnut poles against insects 9-11

Orthoptera '. 15

Paraffin wax against termites 77

Parandra brunnea—
character of insect 3-4

damage and loss to chestnut poles, extent 6

damage to chsstnut telephone and telegraph poles, general account. . . . 1-3, 3-7

distribution 4

importance as injuring chestnut poles 5-6

injury, character 4-5

Pediculus 14

Perlidse 15

"Peroba." (See Ai^pidosperma s^)]).)

Philotermes fuchsii, association with Leucotermes flavipes 72
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Page.

Philotcrmes pcnnsylvanicus , "guest," or inquiline, of Lcucofcrmes flavipes 72

Philotenncs pilosus, "g\iest," or inquiline, of Leucotermes flavipes 71-72

Philotertnes sp. (possibly/wc/iSM*), association with Leucotermes virginicus 72

Photographs of termites for illustrations, methods of obtaining them 82-83

Pine

—

bull, wood eaten by termites 80

clear, of Australia, wood less resistant to termite attack than that of red

pine 82

longleaf. (See Pinus palustris.)

Oregon, wood eaten by termites 80

red, of Australia, wood comparatively resistant to termite attack 82

timber, time for utilization to prevent damage by termites 79

Pinus palustris, heartwood resistant to termite attack 81

Platyptera 13, 15

Plecoptera 15

Podura 14

Poles-
bean and hop, destruction by termites 13, 75

chestnut telephone and telegraph, damage by wood-boring insects 1-12

chestnut telephone and telegraph, prevention of injury by insects 8-11

statistics. List of publications thereon 12

telephone and telegraph, destruction by termites 13, 75

Polymoechus brevipes, damage to chestnut telephone and telegraph poles 8

Prairie mounds and hog wallows, relation of termites thereto, bibliography 85

Prionoxystus rohinise, royal couple of Leucotermes flavipes in old burrow 60

Prionus sp., damage to chestnut telephone and telegraph poles 8, 9, 10

Protermitidae 16

"Protoblattoiden" 15, 16

Pseudoneuroptera - 14, 15

Psocidse 15

Psocids, wingless, "guests," or inquilines, of Leucotermes flavipes 71

Pterocarpus indicus, wood partially resistant to termite attack 80

Railroad ties, destruction by termites 13. 75

Rearing termites, cage therefor 20-22

Redwood

—

California. (See Sequoia sempervirens.)

wood eaten by termites 81

Rhinotermes taiirus, resting stage of larva 41

Saccharine solution and arsenic against termites 77

Sand setting for chestnut telephone and telegraph poles against insects 9

Sequoia sempervirens, wood not eaten by termites in experiment 80

Sideroxylon, wood resistant to termite attack 79

Silo timbers, destruction by termites 13

Snyder, Thomas E., paper

—

"Biology of the Termites of the Eastern United States, with Preventive

and Remedial Measures" 13-85

"Damage to Chestnut Telephone and Telegraph Poles by Wood-boring

Insects" 1~12

Spirittine treatments of chestnut poles against insects 9

Spruce, wood eaten by termites • 80

Stone, small broken, setting for chestnut telephone and telegraph poles against

insects 9

"Supplementary " reproductive forms of termites, development 34
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]'age.

Swietenia mahoghani, wood resistant to termite attack 79

Tachyporus jocosus, "guest," or inquiline, of Leiicotermes flavipes 71

Tar treatment of chestnut poles against insects 9

Teak. (See Tectonia grandis.)

"Teak, Burmese." {See Tectonia grandis.)

"Teak, Jungle." (5ec "Teak, Malabar.")

"Teak, Malabar, " wood comparatively resistant to termite attack 82

'
' Teak, Pukka, '

' wood comparatively resistant to termite attack 82

Tectonia grandis (see also Teak)

—

wood resistant to termite attack 78, 80

Telephone-pole borer, chestnut. (See Parandra brunnea.)

Tent pins, destruction by termites 75

Tent ridge poles, destruction by termites 75

Termes 14

Termes hellicosus—
longevity 46

position of spiracles in distended queens 66-67

Tennes flavipes (see also Leucotermes flavipes)—
bibliographic references 14, 84, 85

damage to chestnut telephone and telegraph poles 7-8

Termes frontalis, bibliographic reference 84

Tennes horni, resting stage of soldier 41

Termes lucifugus (see also Leucotermes ludfugus)—
bibliographic reference 84

Termes malayanus, copulation 50

Tennes ohscuripes, resting stage of larva 41

Termes spp., differentiation of three castes in embryo 17

Termitarium for study of termites of Eastern United States 20-22
'

' Termiten " 15

Termites, damage to chestnut telephone and telegraph poles 2,3, 7-8

Termites of Eastern United States (see also Leucotermesflavipes and L. virginicus)—

adults, colonizing winged, description 30-31

adults, winged sexed, function 32-33

association with ants 70

bibliography 83-85

biological experiments 20-22

biology, with preventive and remedial measures 13-85

cannibalism 46-47

caste differentiation 33-36

castes 27-33

castes, function 31-32

classification 14-16

colonies, new, establishment 49-53

colony, location in winter 45-46

colony, seasonal variations 43-45

communal organization 22-27

copulation 50-53

damage to forest products 75-76

descriptions of forms, or castes 27-31

development, progressive, of nymphs 36-43

duration of development and life 46

egg-laying rate 50-53

eggs, description 31
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Termites of Eastern United States, etc.—Continued. Page.

eggs, seasonal occurrence in colony 43

forms, or castes, situation in nest . 47^8
functions of castes 31-32

"guests, " or inquilines 71-72

historical 16-19

"immune" (i. e., resistant) woods 76-82

larvae, description 31

larvae, situation in nest 47, 48

life cycle 33-46

metamorphosis 33-36

neoteinic reproductive forms, seasonal occurrence in colony 44

neoteinic reproductive forms, situation in nest 47

neoteinic royal individuals, function 33

nests, situation 22-25

number of individuals in colonies 25-27

nymphs of reproductive forms, seasonal occurrence in colony 43-44

nymphs, primary form, description 29-30

nymphs, progressive development 36^3
nymphs, secondary form, description 30

nymphs, situation in nest 47

parasites 72

photographs, methods of obtaining them for illustrations 82-83

polymorphism 27-33

preventives of injury 76-82

relation of hog wallows and prairie mounds thereto, bibliography 85

remedies 76-82

reproductive forms, description 65-68

reproductive forms, occurrence 53-65

reproductive forms, situation in nest 47

resistant woods 76-82

"royal cell," situation in nest, a 47
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PREFACE,

The articles mcliided in this bulletin relate to msects more or less

destructive to cereal and forage crops in the United States. They

represent investigations largely completed during the fiscal year

1911-12.

The timothy stem-borer, the subject of Part I, has not during our

observations been especially injurious, but is likely to become so

should several favorable conditions result in mcreased abundance.

The maize billbug (Part II) and the so-called ''curlew bug" (Part IV)

are two very closely related msects, the latter bemg especially

destructive in Virghiia and the Carolmas, while the former is occa-

sionally quite injurious in tlie West. The paper relating to chuich-

bug investigations west of the Mississippi River (Part III) is exceed-

ingly timely and serves to make more clear the difference in condi-

tions, as regards the chmcli bug, between the country west of the

Mississippi River and that lying east of it. Parts V, VI, and VII

relate to species more or less destructive in the extreme northwestern

portion of the United States, a section of the country somewhat pecul-

iar in that it differs greatly in insect faiuia from more southern and

eastern sections of the country.

All of these papers relate to insects that the farmer must, to a

greater or less extent, encounter and control in a successful carrying

out ot his business.

F. M. Webster,
In Charge of Cereal and Forage Insect In instigations.
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PAPERS ON CEREAL AND FORAGE INSECTS.

THE TIMOTHY STEM-BORER, A NEW TIMOTHY INSECT.

{Monkllistena ustulata Lee.)

By W. J. Phillips,

Entomological Assistant.

INTRODUCTION.

The writer's attention was first attracted, in 1904, to the interesting

httle insect which is the subject of this paper. On November 29 of

that year, at Rives, Tenn., while examining timothy for jomt-worms
(Isosoma), a curious httle larva, unknown at that time to the writer,

w\as found tunneling the stems. In many cases it had traversed

the entire length of the stem, from the top joint to.the bulb. Although
nothing was reared from this material it served to arouse interest.

Since that time, however, it has been reared and some interesting

facts learned concerning its habits and manner of living.

Thus far it has not proved a serious pest, having been found only

in small numbers at any given point. In large numbers it would
scarcely do any perceptible injury to the hay crop, although it could

probably very materially lessen seed production. For this, as well

as other reasons, it deserves more than passing notice.

HISTORY.

The adult (fig. 1) was described by Le Conte in 1S62, but there is

no reference in literature to its larval habits, although as early as

1877 it was known that larva3 of other species of this genus inhabited

l)lant stems of different kinds.

During the early part of November, 1904, Mr. Geo. I. Reeves, of

this Bureau, found larvae tunneling timothy stems at Richmond
and Evansville, Ind., and at Nicholsville, Ohio, but none was reared.

In the latter part of the month the writer found a larva working in

timothy stems at Rives, Tenn. Nothing could be reared, but in the
light of recent observations it is very probable that they were Mor-
(lellistena iifitvlata in each instance.

1
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In 1905 the writer found numbers of larvae inhabiting timothy at

Richmond, Ind. Some time in the fall infested stems were collected

and sent to the Department for rearing, but it was the same story-
nothing issued.

Early in the spring of 1906 observations were begun with a view

to rearing the adult. Infested stems were collected in May, and on

June 8 the first adult appeared. Specimens were later submitted to

the Department and were found to belong to the above species.

Since that time they have been reared repeatedly.

DISTRIBUTION.

The habitat of this insect has

been given as the middle and

southern United States. Adults

have been captured as far east

as Pennsylvania, and they have

been reared from material col-

lected in Indiana, Ohio, and Vir-

ginia. Timothy stems contain-

ing mordellid larvae that were

not identified, but w'hich were

probably MordeUistena ustulata,

were found in Kentucky, Ten-

nessee, Illinois, and, this year,

lh\ T. H. Parks, of the Bureau
of Entomology, found them at

Chillicothe, ISfo.

CHARACTER OF ATTACK.
Fig. 1.—The timothy steni-])or(T (MordeUistena ustib-

lata): a, Adult or beetle, dorsal view; b, same, lateral

view. Greatly enlarged. (Original). As a rule tlie egg is dejjosited

at or slightly below the center of

the first or second joint in timothy, but much farther down the stem in

other grasses. From here the larva bores into the center of the stem

and then begins its downward journey to the bulb or root. It feeds

upon the pith and the walls of the stem as it passes downward, and

when it encounters a joint it tunnels completely through it, leaving a

mass of detritus behind. Plate I is an illustration of its workmanship.

HOST PLANTS.

This species has been reared from timothy, orchard grass (Dac-

tylis glomerata), (juack grass {Agropyron sp.), and Agrostis alba, while

larvae that were supposedly this species have been found in bluegrass

{Poa spp.) and cheat {Brotaus secalirms).



THE TIMOTHY STEM-BORER.

DESCRIPTION OF THE DIFFERENT STAGES.

THE EGG.

(Fig. 2.)

Length 0.65 mm., diameter near center 0.16 mm. Color milky white. Acuminate-

ovate, apparently smooth; one side convex and the other slightly concave; large end

broadly rounded, small end acutely rounded.

Described from s])e('imens dissected from

gravid females.

THE LARVA.

(Fig. 3, a.) Fig. 2.—The timothy stem-

borer:'"Egg. Highly magni-
Length 6 mm., diameter 0.875 mm. Color varying fled. (Original.)

from creamy to white, shading into a very faint tinge of

salmon near center. None of the segments appears to be corneous, although each

bears a number of setae; last segment feebly bifid, ending in a two-pointed spear,

and covered with stout bristles. Dorsal surface of abdomen with six pairs of fleshy

tubercles which will be described

later.

Head (fig. 3, b) narrower than

thorax and arranged almost ver-

tically with reference to it; ovoid,

smooth, and bearing a number
of large and small seta?, a very

faint suture extending from the

occipital area almost to the episto-

mal area.

Antenna; represented by two
fleshy tubercles, situated laterad

of and near insertitm of mandi-

bles; somewhat cone-shaped and

bearing several small seta? on their

summits.

Eyes represented by two tiny,

slightly fused black dots situated

slightly ventro-laterad of the an-

tennae.

Epistoma sublunate; anterior
margin concave and posterior con-

vex; about twice as broad as long

and apparently inclosed by base of

mandibles and a chitinous ridge ex-

tending from insertion of mandibles

almost entirely across the face ; ridge

amber-colored.

Labrum tonguelike, lying directly over the mandibles, rectangular, longer than

broad; distal margin rounded and densely fringed with setae or bristles; upper

surface pappose; two large setae near center anG. two on each lateral margin; six

smaller ones on distal margin.

05

Fig. 3.—The timothy stem-borer: a, Larva, lateral view;

6, head of same, dorsal view; c, maxillae and labium of

same; d, mandible of same, o, Greatly enlarged; b, d,

more enlarged ; c, still more enlarged. (Original.)
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Mandible (fig. 3, d) shurl, very broad at base, almost an l)roa(l as long, tapering

abruptly to a sharp point; outer face convex and smooth, with a small seta near

center; ferruginous at base and black at extremity, strongly curved; inner face

concave, with two small notches midway of superior margin and one 8m,all notch near

extremity of inferior margin.

MnxiUiv (fig. 3, c) inserted far to the rear, large, fleshy, curving considerably, thus

inclosing the labium; extending considerably beyond tips of mandibles; distal

extremity bearing the two-jointed palpus and the lacinia. Each maxilla bears a

number of seta?, one large and two small ones occurring on outer face, a large one at

outer and one at inner angle of base of palpus, and two small ones and one large one

caudad of these. The lacinia is a brushlike organ l)earing a fringe of stout bristles.

Maxillary paljn (fig. 3, c) two-jointed; first joint slightly obconical, about as thick

as long, bearing several setae on the outer face; the second joint is a slightly truncated

cone, and much smaller than the first joint, and bears a number of minute setae at

the apex.

The labium (fig. 3, c) is a very simple organ inserted between bases of maxillae,

fleshy, rectangular; distal extremity sharply rounded and fringed with minute setae,

with two larger setae at tip; four setae forming a semicircle near center, the two in

the center much the largest; a large seta at inner angle of base of each palpus. Labial

palpi (fig. 3, f) very minute, two-jointed; first joint cylindrical; second joint almost

cylindrical but much smaller than the first and slightly rounded at tip, bearing

several minute setae.

Prothorax as large as the two following segments combined; viewed from side

triangular in form; not wrinkled or folded but finely striate; dorsally the posterior

margin extends back for a considerable distance into the mesothorax. The meao-

thorax and metathorax lie at quite an angle with the abdominal segments; posterior

margin of dorsum of mesothorax extending back to center of metathorax. Meta-

thorax about same width as mesothorax, except on dorsum, where it is somewhat

narrower.

Legs fleshy, cone-shaped, four-jointed; first joint very large and more like a pro-

jection of the thorax than a joint of the leg; second joint obconical, very short, and

very much smaller than the first; third joint cylindrical, short, and very small;

fourth joint the smallest of all, obconical, rounded at apex, and bearing three spines

at tip; a whorl of spines at each joint on outer face; segments very imperfectly defined

in most cases.

Abdomen composed of nine segments, all of which are broader than the mesothorax

or metathorax. First six segments bearing on their dorsal surface two round, fleshy,

somewhat retractile elevations or tubercles (M. Perris, in his Larves des Col^optferes,

calls them "ampoule ambulatoire. ") These tubercles are almost circular in form

and the apex is crumpled and folded and bears several small setae. Dorsum of the

seventh segment with a slight transverse ridge bearing a number of recurved bristles;

eighth segment bearing a number of bristles, which are more numerous near posterior

margin, all directed backward. First eight segments with a large fold extending

their full length on eaclHateral face, most prominent near center of segments, at which

points there are a number of bristles directed slightly to the rear. Ninth segment

somewhat cone-shaped, densely covered with stout bristles, ending posteriorly in a

two-pointed, chitinous projection; just below this, dorsally, are two chitinous spurs

or tubercles.

Stigmata: Nine pairs oi stigmata, one pair in mesothoracic region just above and

slightly in front of insertion of legs and a pair to each of the first eight abdominal

segments, very near the anterior margin and just above the lateral fold. They are

circular in form, the Ihoracic being sliglitly the larger.
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THE PUPA.

(Fig. 4.)

From the lateral aspect: Length 5 mm., diameter in thoracic region 1.125 mm.
Pale cream color, somewhat acuminate-ovate, broadly rounded at head and thorax.

Prothorax, from the lateral view, triangular, the dorsal surface being the base of the

triangle, which is very broad and convex. Antenna passing upward at side of eye,

between margin of prothorax and front femora, thence to dorsum, curving backward

over base of wings. Wing-pads long and narrow, covering posterior legs, with the

exception of the last three tarsal joints; front wings nearly covering hind ones.

From the ventral aspect (fig. 4): The front of head is in almost direct line with the

body; mandibles small and not closed; palpi widely separated and extending beyond

front tibiae. Femora of first pair of legs directed dorsally , tibiae resting on middle femora

;

first tarsal joints resting under tip of palpus; tarsal joints then extending caudad,

almost parallel, except last two joints, which slightly diverge. Femora of second pair

of legs parallel to femora of first pair, second

tibiae, however, forming a greater angle with their

femora than tibiae of first pair of legs; second

femora and tibiae resting upon wings for a part of

their length; tarsal joints gradually converging un-

til the last two, which nearly touch between

wing pads. Third pair of legs covered by wing

pads, with exception of last two joints and a part

of third; last two parallel, touching, and extending

to middle of sixth abdominal segment.

Dorsal surface of the first six abdominal seg-

ments almost flat, and in the third, fourth, fifth,

and sixth segments the surface produced laterally

into a fleshy fold projecting over side of abdomen,

the anterior margin of which is rounded and the

posterior square, giving the abdomen a notched

appearance; in center of each projection laterally

is a group of recurved bristles.

Seventh abdominal segment (fig. 4), from a

lateral view, cylindrical anteriorly; posteriorly

the dorsal surface is drawn out into a long cone-

shaped projection, the tip of whiqh extends

beyond the last abdominal segment, resting

between its two chitinous spurs; ventral surface

extending backward into a fleshy fold or lip, beyond insertion of following segment.

Eighth segment (fig. 4) somewhat cylindrical anteriorly, telescoping into seventh;

dorsal surface extending backward into a large fleshy projection or lip, almost filling

space between cone-shaped projection of preceding segment and Y-like chitinous

projection of following segment; a deep lateral notch or incision, but ventral projection

much shorter than dorsal.

Ninth segment (fig. 4) smallest, telescoping into eighth, and extending posteriorly

into a Y-like projection, the tips of which, inclining forward, are amber-colored,

chitinous, and spinelike.

Setae: Numerous setae on ventral surface of abdomen, on head, and on prothorax.

First abdominal segments bearing a few seta; on dorsal surface; there is a small trans-

verse ridge on dorsum of sfcond segment, bearing a row of setae ; following four segments

Fig. 4.—The timothy stem-borer: a,

Pupa, lateral view; b, ventral view

of same; c, ninlh segment of same;

d, scligerous tubercle of sixth segment

.

a, b, c, Greatly enlarged; d, more en-

larged. (Original.)
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bearing each two reciu'ved, fan-shaped, fleshy elevations or tubercles, incj-easing in

size with each successive segment (fig. 4, d); each elevation simple and bearing a

fringe of bristles directed to the rear.

Last three segments bearing a number of l)ristles; cojie-shaped projection of seventh

rather thickly studded and last segment densely covered -with stout bristles, all

directed to the rear.

THE AUULT.

(Fig. 1.)

The description by Le Conte is as follows:

Hind tibia with two oblique ridges on the outer face; ridges parallel, the anterior

one extending almost across the outer face of the tibia; first joint of the hind tarsi with

three, second with two oblique ridges; elytra ferruginous, with the suture and margin

Ijlackish; ferruginous, black limb of the elytra very narrow; abdomen, and sometimes

the hind coxie and pectus, blackish. 9-11.

LIFE HISTORY AND HABITS.

THE EGG.

Females have never been observed in the act of oviposition and

the period of incubation of the eggs has never been determined. The

latter would be rather difficult to obtam, as eggs that are deposited

in living plant tissue rarely hatch after they have been exposed to

the air.

As stated above, the egg is usually deposited at and slightly below

the center of the first or second jomt from the top, withm the plant

tissues.

The number of eggs that one individual is capable of depositing has

not been ascertained. Upon dissection females have never been

found to contain more than fom- fully developed eggs and several

immature ones, but they probably deposit a much greater number

than tliis.

THE LARVA.

Upon hatching, the young larva apparently destroys the tissue

immediately surrounding it, thus forming a minute cell or cavity.

It then eats its way into the center of the stem and starts downward,

tunneling the joints as it reaches them, and at harvest time the

earlier ones are below the fourth joint, where they will be out of

danger of the mower. By fall they have reached a point just above

the bulb.
THE MOVEMENTS OP THE LARVA IN THE STEM.

The manner in which the larva propels itself up and down the stem

is very interesting. It can ascend or descend the stem, forward or

backward, apparently with equal faciUty. The maxillae, which extend

beyond the mandibles, the true legs, the dorsal tubercles or feet, and

the anal segment all play a part in its movements. In going forward

the abdomen is advanced by means of the dorsal tubercles, which act
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as feet; the body is then braced b}^ fixmg the spines of the anal seg-

ment against the opposite wall of the stem ; the maxillae and true feet

then advance the thorax and head. By executing these movements
almost simultaneously the larvae can move quite rapidly. In going

backward the movements are reversed. The dorsal feet or tubercles

and the anal spines enable the larva to support itself in the stem.

THE MOVEMENTS OF THE LARVA OUTSIDE THE STEM.

Naturally enough, as the larva seems peculiarly adapted for move-
ment in a small hollow stem, when it is placed on a flat surface it

appears wholly at a loss how to proceed. It arches its body and
turns on its side, going through the same movements as though it

were in a stem, but it moves very slowly. It then turns on its back

and tries to walk on its dorsal feet. By bringmg all of its knowledge

of the different ways of walking to bear on the problem, it moves
slowly, in a drunken wa}-, to a protecting object, if any be near.

THE PUPA.

When ready to pupate, the larva (Plate I, a) reverses its position

in the stem and ascends to a point anyw^here between the first joint

from the root and the first or second joint from the top, depending

upon whether the timothy has been cut or not. Plate I, h, shows
a larva ready to pupate, just below^ the second joint from the root.

It probably locates most often just above the first or second joint

from the root. It then seals up the stem above and below^ with

detritus, making a cell of from 1 to 2 inches in length. It \\'ill reseal

a stem if interfered with, but if its burrow^ be molested many times

it wiU live for weeks and not pupate, finally dying.

After inclosmg itself withm this cell the larva becomes sluggish,

contracts slightly, and thickens perceptibly m the thoracic region.

It soon casts its larval skin and becomes a fully developed pupa.

In Plate I, c, is seen a pupa m its cell just above the second joint

from the root. After pupation it is a pale cream color, gradually

changmg to a brownish tint.

THE MOVEMENTS OF THE PUPA IN THE STEM.

The movements of the pupa in ascending and descending the

stem are fully as complicated and interestmg as in the case of the

larva. In moving up the stem, the spurs of the last segment are

planted fu'inly in the wall; the body is then bowed ventraUy and
the spines of the dorsal tubercles are brought forward and fixed

m the wall; then by quickly releasing the anal spines, with the

long pointed pygidium of the eighth segment, they and the dorsal

tubercles act as levers and thus propel it up the stem. By executing

these evolutions quickly they can move with considerable rapidity.
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The}' can, a{)j)areiitl3^, descend with e(|ual rapi(Uty. By releasing

the anal and dorsal spines they are lowered by gravity. If the stem

be placed in a horizontal position, the pupa makes slow progress

backward. The organs of locomotion are apparently not so well

fitted for moving backward on a horizontal plane.

THE MOVEMENTS OF THE PUPA OUTSIDE THE STEM.

Wlien removed from the stem and placed upon a flat surface, the

pupa moves as uncertainly as the larva in the same position. It

WTiggles constantly, trying in vain to fix its "climbers" into some-

thing firm, whereby it can gain leverage and propel itself forward.

It will fij: the anal spines into the surface upon which it rests, but

as there is no surface opposite and near it moves very slowly and

uncertainly.

THE ADULT.

Wlien read}" to issue, the pupa is quite brown. The thin ]:)upal

envelope is ruptured along the dorsum of the thoracic region and

the insect gradually forces its way out, after which it gnaws an

irregular opening at some point in the stem and emerges.

The adult beetles are about 5 mm. in length, of a brownish color,

and have pointed abdomens. From the lateral aspect they are

somewhat crescent shaped. The}^ are abroad from the latter part

of May to the latter part of June, depending upon temperature con-

ditions in early spring.

There is but one brood or generation during the year.

LIFE CYCLE.

LENGTH OF THE SEVERAL STAGES.

The larval stage covers a period of about 11 months. Nothing

could be learned about the number of molts, as the larvae will not

develop if their galleries are disturbed.

The pupal stage varies from 11 to 16 days, depending, apparently,

upon the temperature.

The adult beetles will live from 5 to G days in confinement, but

they will probably survive a miu'h longer period in the open.

HIBERNATION.

The insect hibernates in the larval stage. About the time freezing

begins in the fall the larvae are down to the bulb or crown of the

root, where they are well protected from cold. They are nearl}- full

grown by this time. Whenever a few warm days come, they appa-
rently start feeding again. In the spring they burrow down into

the juicy bull), wIhm'c they continue feeding until they become full

crown.
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PARASITIC ENEMIES.

This insect is apparently a very attractive host. Three species

of parasitic Hymenoptera have been reared from it, all of them
new, representing three genera—two braconids and one a chalcidid.

Messrs. H. L. Viereck'^ and J. C. Crawford^ have kindly described

these parasites, giving them the following names: Heterosyilus

mordellistense Vier., Sclnzoiwymnus i)hiTli])si Vier., and Merisus

mordellistense Crawf. The descriptions appear elsewhere over the

names of their respective authors.

In May of this year, Mordellistena ustulata was found to be very

abundant at Wilmington, Ohio, in timothy; material was collected

and sent in to the laboratory at La Fayette, Ind., for rearing. Two
species of parasites were reared from it, Heterospilus mordellistense

and Merisus mordellistense. Scliizoprymnus 'phillipsi and Heterospilus

mordellistense were reared from material collected at Richmond, Ind.,

in 1906 and 1908, respectively. The latter species and Merisus

mordellistense. were reared at La Fayette, Ind., in 1910.

It is very probable that the parasitic enemies keep the beetles

pretty well in check and that tliis accounts for the appearance of

the beetles in small numbers only in any given locality.

REMEDIAL MEASURES.

As this insect has never appeared in destructive abundance, so far

as known, there has been no occasion to devise means of combating it.

If a serious outbreak should occur, however, a short crop rotation

should be adopted, allowing a field to remain in timothy sod not
more than two or three years, thus preventing this stem-borer from
becoming well established. The borders of the fields and waste places

should be mowed frequently during the months of June and July.

If this is done, the larvae will not be able to reach maturity.

a Proceedings of the U. S. National Museum, vol. 39, pp. 401-408, 1911.

6 Proceedings of the Entomological Society of Washington, vol. 12, no. 3, p. 145,

1910.
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THE MAIZE BILLBUG.

{SpJiCHophonis maidis Cbittn.)

By E. O, G. Kelly.

Entomological Assistant.

INTRODUCTION.

There are several species of the genus Sphenophorus that have been

reported as being enemies to young corn in early spring. Heretofore

these reports have always been made in connection with fields of

grass, timothy sod, or lands recently reclaimed by drainage, and the

depredations were on the first cultivated crop following these

conditions.

Dr. S. A. Forbes " records eight species of Sphenophorus the adults

of which are known to attack young corn. Dr. C. V. Riley, in the

report of the Commissioner of Agriculture for 1881 and 1882, records

Dr. L. O. Howard's observations on the habits and natural history

of S. rohustus and gives a description of the imago, larva, and pupa.

Dr. Howard haA^ing found and reared these from specimens taken

from young corn plants at Columbia, S. C. Dr. F. H. Chittenden,

however, in a paper entitled " On the species of Sphenophorus related

to pertinax Oliv., with descriptions of other forms," ^ with refer-

ence to &, Tobustus^ says

:

This species ranges from Indiana and IVIichigan throngh Wisconsin, Minne-

sota, and western Kansas to California. It is a northern form, not occurring in

the East. Nothing appears to be linown of its habits, reference to robnstus

and its injuries to corn being due to a distinct species, my S. maidis.

Dr. Chittenden had before him, while describing S. maidis, among
numerous other specimens, the one specimen from Columbia, S. C,
reared by Dr. Howard. According to his statement maidis is a valid

species and quite distinct from S. rohustus.

"Twenty-third Report of the State Entomologist of Illinois, 1005.

^ Proc. Eut. Soc. Wash., vol. 7, p. 57, 1905.
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Dr. Chittenden informs the writer that since 1895 complaints have

been made ever)'' few years in localities in Kansas, South Carolina,

Georgia, and Alabama of injuries to corn by what he believes to be

this species of billbug. The species has been quite generally confused

with Sphenophorus pertinax Oliv. and S. rohustus Horn, by both of

which names it has been mentioned in economic literature, more
especialh' by the latter. It is, however, quite distinct from either,

in fact, different from any billbug known to inhabit the United

States, and has only recently been described as new to science, although

Dr. Chittenden states that it is by no means new as an agricultural foe.

The observations on the maize billbug {Sphenophorus maidis

Chttn.) given herein were made by the writer between June and

December, 1910.

HISTORY or THE SPECIES.

The history of this species, the writer is informed by Dr. Chitten-

den, is, in brief, that it first attracted attention in Alabama as early

as in 1854; again in the same State in 1880; in South Carolina in

1881; in Kansas in 1895; in 1901 it again did injur}' in Kansas, and

in 1903 in Georgia. The fact that the insect is injurious to corn in

both of the active stages, larva and beetle, indicates that it is a

more or less permanent pest, whereas several of our equally common
corn billbugs will eventually disappear with the reclamation by

draining and the cultivation of the soil and the consequent destruc-

tion of their breeding places.

In the opinion of Dr. Chittenden, this is the species described and

figured by Townend Glover in 1855 " as the " billbug " or ' corn borer

(Sphenophorus ?),"" since both description and figure do not apply

to any other billbug known to breed in corn. Glover describes the

beetle as from four-tenths to six-tenths of an inch in length, and of

a reddish-brown or reddish-black color, and the rostrum or snout

in the figure can not belong to any other Sphenophorus. None of

the specimens Avhich served as models of the drawing remains in the

Government collections. The billbug was reported as very destruc-

tive to corn in many parts of the South and Southwest, more par-

ticularly along the Pedee River. Injuries were reported by Senator

Evans, Gen. Fitzpatrick, and Col. Pitclilynn. Senator Evans's

report is as follows:

The perfect insect eats into the stallj of the corn, either below or just at

the surface of the ground, wiiure it dei)osils its egg. After changing into a

grub, the uisect remains in tlie stalls, devouring the substance, until it trans-

forms into the pupa state, which occurs in the same cavity in the stallc occu-

pied by the grub. It makes its appearance the following spring in the perfect

state, again to deposit its eggs at the foot of the young corn plants. These

"Agricultural lieporl of the I'atent Office for 1854 (1855), \). (il, pi. 4.
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iiis-ects destroy the main stem, or shoots, thus causing suckers to spring uj). which
usually produce no grain, or, if any, of vei-y Inferior quality to that of the

general yield. Swamp lands or low grounds are the places most generally

attacked.

Senator Evans thus is, according to Chittenden, to be credited

with the discovery that the hirva develops in the stalk of corn below

the ground, and not in decaying wood, as contended by Messrs.

Walsh and Riley in later years. The insect was said to be very

destructive in Alabama, from which State the specimens chosen for

illustration doubtless came, and on the Red River in Arkansas.

With little doubt it was the same insect operating in Arkansas, as it

is now known that this species ranges between South Carolina and
Missouri.

This insect Avas observed in the spring of 1881 by Dr. L. O.

Howard, at that time assistan.t to Dr. C. V. Riley, Entomologist of

the Department of Agriculture. Dr. Howard was at once sent to

Columbia, S. C, to investigate the injury being done to corn by
" billbugs," and the following account of these investigations is

taken from the report of his observations:'^

The species found near Columbia, S. C, is S. robustiis [now *S'. maidis]. In

the plantations along the bottom lands of the Congaree River much damage is

done by the adult beetle every year, and the corn not infrequently has to be

replanted several times, as the earlier plantings are destroyed. The beetles

are first noticed in the spring after the corn is well up. Stationing themselves

at the base of the stalk, and also burrowing under the surface of tlie earth

slightly, they pierce the stalk and kill many plants outright, others living to

grow up stunted and dwarfed.

With S. sealpt ills [zcic], in spite of the damage it has done, the earlier stages

remain unknown, Walsh surmising that the larva breeds on rotten wood, so

situated that it is continually washed by water. With this statement in my
mind I was prepared to doubt the statement of Mr. W. P. Spigener, of Columbia,

who informed me that the " grub form of the billbug " was to be found in the

corn, but a couple of hours in the field convinced me that he was right, my
previous Idea having been that he had mistaken the larva of Chilo saccharuUs

for the weevil grub. I searched a field on Mr. Spigener's plantation, which was
said to be the worst point in the whole neighborhood for bugs, for some time

before finding a trace of the beetle in any stage, but at last, in a deformed

stalk, I found in a large burrow, about iit the surface of the ground, a full-

grown larva. After I had learned to recognize the peculiar appearance of the

infested stalks I was enabled to collect the larvie quite rapidly.

They were pi'esent at this date (Aug. 20) in all stages of larval development,

but far more abundantly as full-grown larvre. A few were preserved In alcohol

and the remainder forwarded alive to the department, but all died on the way.

Two pupie were found at the same time; one was preserved in alcohol and the

other forwarded to the department. The beetle issued on the way, and from

this specimen we have been able to determine the species. From an examination

of a large number of injured stalks It seems evident that the egg is laid in the

a Report of the Entomologist, Deiiartment of Agriculture, for ISSl and 1882,

pp. 139-140.
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stalk just at the surface of the irround. preferably and occasionally a little

below. The young larvte. hatching, work usually downward, and may be found

at almost any age in that part of the sUilk fruni which the roots are given out.

A few specimens were found which had worked upward for a few inches into

the first section of the stalk above ground, but these were all very large indi-

viduals, and I conclude that tlie larva only bores into the stalk proper after

having consumed all available i»ith below ground.

The pupae were botli found in cavities opposite the first suckers, surrounded

by excrement compactly pressed, so as to form a sort of cell.

Wherever the larva had reached its full size, the pith of the stalk was found

completely eaten out for at least 5 inches. Below ground even the hard ex-

ternal portions of the stallc were eaten throush. and in one instance everything

except the rootlets had disapix'ared and the stalk had fallen to the ground.

In a great majority of instances but a single larva was found in a stalk, but

a few cases were found where two larva? were at work. In no case had an

oar filled on a stalk bored by this larva. The stalk was often stunted and

Iwisted, and the lower leaves were invariably brown and withered.

In one field, which had been completely under water for six days in January,

the beetles were apparently as healthy as in fields which had remained above

water.

INJURIES SINCE 1895.

The records of reports of injury which follow, received by Dr.

Chittenden during the past decade, substantiate the observations of

Dr. Howard made in 1881. and add as well to our knowledge of the

life economy of the species.

In 1895 this billbug was destructive in three localities in Kansas,

complaints all being made during the first week of May. At

Cedar Vale immense damage Avas done, the insect " taking whole

fields of corn, hill by hill." Similar injury was ob.served at Dexter

and Leon, these reports having been made by Mr. Hugo Kahl in a

letter dated July 27, 1898.

The following year Prof. F. S. Earle reported, June G, injury by

this species < ""etumpka, Ala., on the Coosa River, where there was

great com^.^u it as a destructive enemy of corn, especially on

loAv-lying bottom lands. The insect was well known there as a bill-

bug, and was not found on hilly land. It worked below ground, and

when the stalks Avere not killed outright they put out an immense

number of suckers. The beetles wore mo.st destructive to early plant-

ings, corn planted after the middle of May being usually little

injured.

In 1901 Mr. J. E. "Williams, Augusta. Butler County, Kans., Avrote,

August 28, of injury to corn. Attack commenced as soon as the corn

came through the ground, and the billbugs ate and dug down to the

kernel and devoured that. In larger corn they bored into the stalk

and wintered over in the old stalks, usually below ground. Whole

fields were destroyed, the beetles remaining to continue their work on

second plantings. The insect was known locally as the "elephant

bug." Sej^tember G Mr. Williams sent larva? and adults and their
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"Work in tlio root-stalk.s of corn. lie had olxserved tliat tlie eggs

were deioo.sited in the stalks, and that these serve for the winter

quarters of the adults: that the beetles began work when the corn

was about 4 or 5 inches high by inserting their beaks in the young
stalks just above ground. By taking hold of the center of the corn

and pulling it it came out. as it was nearly severed as from cutworm
attack. Stalks that had been preyed upon by the billbug did not

yield any amount of seed. Xo injury wa^ observed to crops other

than corn. Injury was only in lowlands, and the principal damage
was accomplished before the woody outer shell of the stalk was
formed. The beetles were active chiefly after dark, when they trav-

eled, though slowh\ from one place to another. They burrowed in

the ground during the day. They were described as " cleaning up
everything as they go. rendering the crop entirely worthless." Sep-

tember IT another sending of larva:', pupa', and imagos were re-

ceived from the same source. Out of 100 stalks examined by our

correspondent only 10 were free from the ravages of this billbug.

At this date of writing the beetles were deserting the corn.

In 1903 a report was received of injury by what was with little

doubt this species at GrifRn, Ga.. although no specimens were re-

ceived, as in all preceding instances cited.

DISTRIBUTION".

This insect has been reported, according to Chittenden.'^ from
Augusta, Kans. (E. L. Williams) : Riley County, Kans. (P. J. Par-

rott) ; Florence. Kans.; Dadeville. Ala. (S. M. Robertson): AVe-

tumpka. Ala. (F. S. Earle) : Columbia, S. C. (L. O. Howard):
Ballentine, S. C (J. Duncan) ; Texas (Ulke. 1 ex.*) ; Michigan

(Knaus). It has also been reported from Texas (T. Ui Urbahns).
and the writer found it at several points in Oklah ' 'and Kansas.

Owing to the fact that representatives of the speci''.-'- iih'f4''bten taken

in such widely separated localities, it is very probable that it occurs

over the entire territory between South Carolina and Texas and
northward to Kansas and Missouri.

FOOD PLANTS.

The adults attack young corn plants and probably some of the

coarser grasses. Dr. Howard, and later the writer, found both

adults and larvae feeding on young corn. Mr. Urbahns found
adidts at base of swamp grass {Tripsacum dactyloides) in consider-

able numbers, and probably larvae and pupae of the species in this

same grass (fig. 8). Mr. Urbahns found several Sphenophorus larva?

"Pr.oe. Ent. Soc. "V\'asb.. vol 7. No. 1. pp. '0-(\\. 1905.
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Fig. 5.—The maize billbug

iSphcnoithorus inaidis) :

Eggs. Knlargcd three
times. (Original.)

ill burrows in this swamp grass and two piipte. but failed to rear

ihem. Dr. Chittenden determined these pupse as having adult char-

acters of >S'. maidis.

DESCRIPTIGNT AND LIFE HISTORY.

THE EGG.

(Fig. 5.)

Eggs were found by the writer in southern Kansas during June

in punctures made especially for them (fig. 7, h) in young corn

plants. These ^gg punctures, which the

^'^^^^'i-r^f^ female makes with her beak, are scarcely

'^^ftm^
^

^^g^ visible on the outer surface of the stalk, being

only a slit in the sheath of the plant, through

which the beak, and later the ovipositor, are

thrust, the sheath closing readily when the

^gg is deposited and the ovipositor with-

drawn. The eggs are abont 3 mm. long and

1 mm. thick, creamy white in color, elongate,

and somewhat kidney-shaped, with obtusely

rounded ends, being slightly more rounded at one end than at the

other; the surface is smooth, without punctures.

In the latitude of southern Kansas eggs were laid in the corn plants

during the month of June, where they hatched in from 7 to 12 days,

the young, footless grub thus finding itself sur-'

rounded with the choicest food.

THE LARVA.

(Fig. 6.)

The newly hatched larva? are white, with a light-

brown head, the head changing to darker brown
within a few days. The color remains white in the

full-grown larva^, with the head chestnut brown.

The length of full-grown living larva; ranges from
15 to 20 mm. and the width from \ to 5 mm.
The following description of the full-grown larva

Avas made by Mr. E. A. Schwarz under the name of

8. rohustus^ from the few alcoholic specimens collected

Howard at Columbia, S. C. :
°

bv Dr.

Leiigth 12 mm. ; color dingy white ; head chestnut brown, with four vittfe of

paler color, two upon the occiput, convorginR toward the base, and one along

each lateral iii!ir,i,'iii ; trophl very dark, elypeus paler; body fusiform, strongly

''Report of the Entomologist, Department of Agriculture, for 18S1 and 1882,

p. 141.
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curved, swelling ventrally from the tliircl alKloiiiiiiiil joint iiosteriorly, slightly

recurved and rounded at anal extremity. Head large, oblong, obtusely augulate

at base, sinuately narrowed anteriorly; frontal margin with a shallow emai'giua-

tiou between the mandibles; upper surface with a median channel, the occipital

liortion deeply incised, with raised edges, continuing as a shallow impressed line

to the middle of the front ; on either side an engraved line, commencing upon

the vertex, becomhig deeper after crossing the branches of the Y suture, and
terminating at the frontal margin in a bristle-bearing depression ; sides and

vertex with several long bristles arising in depressions ; antenure rudimentary,

occupying minute pits on the frontal margin at the middle of the base of man-

dibles : ocelli a single pair, visible only as translucent spots upon the anterior

face of the thickened frontal margin, outside of and closely contiguous to the

antennse from which they are separated by the branches of the Y suture, a few

pigment cells obscurely visible beneath the surface : clypeus free, transverse,

trapezoidal, with faint impressions along the base and at the sides : labrum

small, elliptical, bearing spines and bristles, a furrow each side of the middle,

forming three ridges, so that the organ, when deflected, appears three-lobed

;

mandibles stout, triangular, unarmed, with an obsolete longitudinal furrow on

the outer face; maxillje stout, cardinal piece transverse, basal piece elongate,,

bearing a palpus of two short joints, and a small rounded lobe, furnished at tip

with a brush of spiny hairs, the lobe concealed by the labium : labium consist-

ing of a large triangular mentum, excavate beneath, and a hastate palpiger,

with a deep median channel ; labial palpi divergent, separated by the ligula,

of two joints subequal in length ; ligula i*epresented by a prominent rounded

lobe, densely ciliate on the under surface. Thoracic joints separated above by

transverse folds ; the first wider, covered above by a transverse, thinly chitinous

plate ; the two following similar to the abdominal joints ; abdominal joints

forming on the dorsum narrow transverse folds, separated by two wider folds,

the anterior fold attaining the ventral surface, the second fold confined to the

dorsum, eighth and ninth abdominal joints longer, excavate above, without

dorsal folds : beneath, the first three joints contracted, the succeeding joints

enlarged, the terminal joint broadly rounded, with anal opening upon a fold at

its base; sides of each joint presenting numerous longitudinal folds; stigmata

very large, nine pairs; the first on the anterior margin of the prothorax. low

down upon the sides; the remainder upon the sides of the first eight abdominal

joints, above the lateral prominences, beginning upon the first joint at the

middle of the side and gradually rising to a dorsal position upon the eighth

joint : thoracic and last abdominal pairs large, oval ; the intermediate pairs

smaller, elliptical ; all with chitinous margins of dark-brown color. The notice-

able features of this larva are its cephalic vittte, and conspicuous spiracles.

Upon issuing from the eggshell the young lar^'re are about 5 mm.
long and 2 mm. thick. They at once begin feeding on the tissues of

the young corn at the bottom of the egg puncture (fig. T. 6), direct-

ing their burrowing inAvard and downward into the taproot. "When

they finish eating the tender parts of the taproot they direct their

feeding upward, continuing until full grown, allowing the lower

portion of the burrow to catch the frass and excrement (fig. 7, a).

This burrowing of the taproot of the young growing corn plant is

disastrous to the root system (PI. I, figs. 1, 2) ; the roots, first dying
at the tips, soon become of little use to the plant, allowing it to die

or to become more or less dwarfed (PI. II). The corn plants shown
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in Plate I were collected in Kansas and forwarded, in moist paper,

to "NA'ashington. D. C.. and photographed by the official photogi'apher,

Mr. L. S. Williams, and shoAV the injuries more clearly, while Plate

II, photographed in the field, illustrates the effect on the standing

corn. Small plants, even those of less than one-half inch in diameter,

are often recipients of eggs from wdiich the larvse, on hatching, bur-

row into the heart of the plant and cut off the growing bud, thus

killing the top; they then direct the burrowing downward only to

Fig. 7.—Corn plant sliowinf; result of

attack by the maize liilUnig : a. I.arval

burrow containing pupa in natural

position ; h. egg puncturi> containing

eggs. (I, lieduci'd two-thirds ; h, en-

larged. (Original.)

Fig. S.^Swamp grass (Trlpmcum
(hictyloides). attacked by the

maize billliug. Reduced two-

thirds. (Original.)

devour the stub, leaving themselves w'ithout food, and, being footless

grubs, they of course perish. Plants of more than one-half inch

diameter which become infested Avith larva? make very i^oor growth,

being very slender, rarely reaching a height of more than 2 or 3 feet

before tasseling (PI. II), and do not produce shoots or ears. Those

that do not become infested until they are half grown may produce

small ears. Each larva inhabits onh' the one burrow, and if, owing

to any mishap, it becomes dislodged from it, it is powerless to rees-

tablish itself. The larva does not become dislodged from the burrow



Bui. 95, Part II, Bureau of Entomology, U. S. Dept. of Agriculture. Plate II

Fig. 1.—Corn Plant Injured by the Adult of the Maize Billbuq (Sphenophorus
MAiDis>, Afterward Attacked by the Larva. Fig. 2.—Corn Plant Showing on

Stalk the Effects of Feeding by Adult Maize Billbugs, and Effects on Roots
OF Feeding by the Larv/e. Fig. 3.—Corn Plant, much Distorted, Showing
Suckers; Final Effects of Feeding of Adult Maize Billbugs.

All figures about natural size. (Original.)
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Corn Plants Showing Effects of Feeding of Maize Billbug in the Field.

Plant at left not attacked, the two at right attacked by larv;c. Rednced. (Original.)
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of its own accord. Sometimes there are three or four hirva^ in the

same phint, their burrows often running; into each other, but this

does not appear to discommode them in the least, as they can, and

usually do, all mature. In badly infested fields two larvsTe are quite

often in the same plant, although one is the usual number and is

sufficient to ruin the plant. The larvae are easily managed in the

laboratorj^; upon issuing from the eggshell they can be readily han-

dled with a soft cameFs-hair brush and placed inside a section of

a cornstalk, where they will feed as readily as upon the growing

plant. As soon as the section of plant is fairly eaten, and before

decay sets in. the larvae must be removed

to fresh sections; keeping them thus sup-

plied with fresh food they can be reared to

maturity.

The length of the larval life ranges from

40 to 50 days, as indicated by laboratory

observations and checked by collections in

the field. They begin maturing and pu-

pating by the 1st of August, pupation

reaching the maximum by the 20th. and

with the exception of a few stragglers all

are mature and changed to pupsu by the

1st of September.

THE PUPA.

(Fig. 9.)

The larAie, on linishing their growth,

descend to the lower i)art of the burrow,

to the crown of the taproot, cutting the pith

of the cornstalk into fine shreds with which

they construct a cell where they inclose

themselves for pupation.

The newly issued pupse are white, becom-

ing darker after the fourth or fifth day, and

continue to darken until just before the

adults issue. The adults are reddish black in color. The length of

living pupa^ ranges from IG to 20 mm.
The following description of the pupa was made by Mr. E. A.

Schwarz, of the Bureau of Entomology, under the name of S. ro-

hustus, from the single individual collected by Dr. Howard at

Columbia, S. C.:''

Average length, 17 millimeters. Stout, rostrum reaching between first pair

of tarsi. Antennte but slightly elbowed and reaching not quite to bend of

Fig. —The maize billbug i

Pupa : a, ventral view ; 6,

dorsal, view ; c, anal seg-

ment ; d, thoracic spiracle ;

e. abdominal spiracle, a, b,

Twice natural size ; c, d, €,

greatly <'nlarged. (Origi-

nal.)

^Loc. cit., p. 142.
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jinterJor femora and tibiae. Eyes scarcely discernible. Face with three pairs

of shallow tubercles, the basal pair the largest, and each giving rise to a
stiff, brown hair. Other minute piliferous tubercles, especially near the pos-

terior dorsal border of the abdominal joints, being very stout on the preanal
joint, or pygidium. where they form two series of qi^r'.c!ri>''"ntate ridges.

To Mr. Sclnvarz's description the following may be added;

Lateral view: P>ody oblong, thickest at middle; thorax depressed anteriorly;

abdomen cylindrical, tapering from seventh segment; thonicic pair of spiracles

very prominent (fig. 9, (/), first five pairs of abdominal spiracles prominent (fig.

9, c), the three on the rear segments not prominent. Elytra short, curving
ventrally between middle and hind legs, reaching tarsi of hind leg, covering

upper half of femur of hind leg; middle leg resting on elytra.

The pnpa^ occur mostly during the latter part of August and first

part of September and are always to be found in their cells in the

larval burrows near the crown of the taproot and nearly always

below the surface. The pupal jieriod is from 10 to 12 days.

THE ADCLT.

(Fig. 10.)

The adults are very large, robust, and reddish black when newly

issued, changing to black when older. The original description by

Chittenden <* is given here

:

Body two-fifths as wide as long, of robust appearance because of the sub-

quadrate thorax, which is nearly as wide as the elytra ; general color black or

piceous, moderately shining; alutaceous deposit on unelevated surfaces incon-

spicuous, appearing to be normally dark rufous or piceous velvety when the

extraneous argillaceous covering does not persist.

Rostrum three-fifths the length of the thorax, considerably arcuate, strongly

subequally compressed, apex prolonged at the posterior angle with an acute

spine, producing the appearance of greater curvature of the inner surface, base

feebly protuberant, moderately dilated ; anterior face of apex broadly deeply

concave; surface minutely punctate, more distinctly and densely at base, b.ise

moderately deeply channeled with distinct deep interocular puncture and short

impressed line.

Thorax longer than wide, fully three-fourths as long as the elytra, sides usu-

ally widest just in front of middle, anterior third suddenly and very strongly

arcuate and constricted at apex, posterior two-thirds or three-fourths subparallel,

or gradually narrowing to the base which is feebly bisinuate. Vittiu feel)ly

elevated, tending toward obsolescence, moderately finely but distinctly and

siiarsely punctate, more coarsely and densely at the ends; median vitta extend-

ing from a fine line and rapidly widening to a point just in front of the middle

where it is broadly dilated, then more abruptly narrowed, extending in a nar-

rower line to near the base; lateral vittre sinuous with a tendency to become

confluent with the median in the apical half, generally a little wider in basal

half but narrower than the median, branch wide but ill-defined; interspaces and

surface at sides coarsely foveate-punctate, punctures becoming confluent, espe-

cially posteriorly at sides. Scutelluni deeply broadiy concave.

Troc. Eut. Soc. Wash., vol. 7, No. 1, p. 59, 1905.
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Elytra Jittle wider than the thorax; stritt usually deep aud well defined,

distinctly closely punctate ; intervals with first, third and fifth elevated, with

two or more series of rows of fine punctulation ; first or sutural with basal

third triseriately. posterior two-thirds biseriately punctulate; third widest and
most elevated, with four or five rows of fine punctulations ; fifth biseriately

punctulate; seventh little or not at all more elevated than the remaining inter-

vals; intervals 2, 4, G, 8, as also 7, more coarsely and closely uniseriately punctu-

late. Pygidium deeply, coarsely and rather sparsely punctate, with sparse

golden yellow hairs proceeding from the punctures and forming a short tuft

each side, frequently abraded.

Lower surface coarsely and rather densely punctate, scarcely less strongly

at the middle than at the sides, punctures largest at the middle of the meta-

thorax. Punctures of the metepisterna (side pieces) more or less confluent.

Second, third and fourth abdominal segments

nearly uniformly punctured throughout, like

the legs.

$

.

—First abdominal segment very con-

cave; pygidium truncate at apex.

$.—First ventral scarcely different; pygid-

ium narrowed and rounded at apex.

Aside from the differently shaped pj'gidium

and the slightly shorter and less compressed

rostrum there is little difference between the

sexes.

Length. 10-15 nun., width, 4..J-G.0 nun.

The adults begin to issue about the

middle of August and continue to do so

until the middle of September. Some
of them leave the pupal cell, but most

of them remain there for hibernation.

The adults that leave the pupal cell in

the late summer disappear; continued

search in every situation until Decem-

ber failed to reveal a single individual.

It is evident that they left the cornfield in which they developed,

and it is very probable that they found their way to some dense,

coarse grass (T. dacfyloides). which is abundant in the locality,

The adults hibernating in the pupal cells issue from them in late

spring, about the time young corn is sprouting. The beetles are

rarely observed on account of their quiet habits and because they

are covered with mud—a condition which is more or less common
among several species of this genus and is caused by a waxy exuda-

tion of the elytra, to which the soil adheres. The presence of the

adults of this species in a cornfield is made evident by the withering

of the top leaves of very young corn plants, the plants having been

severely gouged. The adults kill the small plants outright and in-

jure the larger ones beyond repair. After the plants grow 10 to 15

inches tall they do not kill them, but gouge out such large cavities

in the stalks that they become twisted into all sorts of shapes (PI. I,

Pig. 10.—The maize billlnig

Four times natural size,

nal.)

Adult.

( Orlgi-
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fig. 3). The attacked plants sucker profuseh', affording young,

tender growth for the beetles to feed upon, even for many days after

the noninfested plants have become hard. The corn jolants injured

by /6'. maldis resemble somewhat corn plants injured by the lesser

corn stalk-borer {Dkitroea sacrharaJis), and are easih^ distinguished

from plants injured b}' the smaller species of Sphenophorus owing

to the fact that the punctures of the smaller species are not always

fatal to the plants, which, however, in unfolding their leaves, show a

row or series of rows of round or oblong holes in them.

The females issuing from hibernation feed on j-oung corn for a

few days before beginning to deposit their eggs. The Qgg punctures

are made by the female in the side of the cornstalk (fig. 7, h) be-

neath the outer sheath. These egg punctures are not injurious to

the jDlants, being only small grooves, about 5 mm. long and 3 mm.
deep, in Avhich the eggs snugly fit.

NUMBER OF GENERATIONS.

There is only one generation a year. The eggs occur throughout

June, larvae from early June until September, pupee from the first

part of August until the last part of September, and adults from

the middle of August until the first part of August of the following

vear.
RECORDS OF DEPREDATIONS.

The depredations of this species have probably been confused with

that of other specie^, the first and only known record of its attack

on 3'oung corn being that made by Dr. Howard, at Columbia, S. C.

During the season of 1010 both adults and larv?e were numerous in

cornfields in lowlands in southern Kansas and northern Oklahoma,

doing serious damage in some instances. They w^ere frequently

found in uplands, but not in injurious numbers.

REMEDIAL MEASURES.

The knowledge of the hibernating habits of the insect suggests an

effective remedy in the pulling up and burning of the stubble, which

is also the most practical means of destroying the lesser corn stalk-

borer {Diatnta sacchaialis) . The beetles remain in the taproot of

the corn plants until spring, allowing the farmer abundant time to

destro}' them. Care must be taken, however, in pulling up the

infested stalks or else they will break off above the beetle, leaving

the pest in the ground. The infested stalks, having a very poor

root system, are easily pulled. Spra^'ing the young corn 2)lants with

arsenical fluids at the time the beetles are making their attack is a

very laborious procedure and not \ ery effective.

o
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CHINCH-BUG INVESTIGATIONS WEST OF THE MISSIS-
SIPPI RIVER.

r>y E. O. G. Kelly, Entomological Assislnjit.

and

T. II. Parks, Entomological Assistant.

INTRODUCTION.

Chinch bugs have long been a pest, and, especially so in the Middle

Western States. During the last two years especially, Kansas, Okla-

homa, and parts of Missouri and Illinois have suffered great losses

from their ravages.

Owing largely to a lack of knowledge of the habits of the chmch
l)ug, farmers are at a loss for remedies; the tried and successful tar

lines and dust ban-lei's, crudely used by them, to prevent the bugs

from entering their corn, being often applied wdtliout success.

The "white fungus" or "fungus disease" of chinch bugs (Sjmro-

triclium glohvlifenim), as it is commonly known among farmere, has

l)een carefully observed and tlie conclusion reached that under ordi-

nary farm conditions it can not be relied upo^i to afford immediate
protection.

This paper has been written for the purpose of giving the farmers

information regarding the habits of this insect, and the most effective

methods of combating it. Field observations on this pest in Kansas,

Oklahoma, and Missouri were begun during the spiing of 1907 and
continued till March, 1911, Mr. C. N. Auislie and Mr. Paul Hayhurst
making observations in 1907, and the senior author from the spring

of 1908 to July, 1911, assisted by the junior author, who also did the

])hotographic work, during the year ending with July, 1910.

DISTRIBUTION.

The chinch bug is widely distributed over the United States as well

as in parts of Canada and in Mexico. The accompanying map
(fig. 11) shows its distribution west of the Mississippi River. It is

especially destructive over poi-tions of Minnesota, Iowa, Missouri,

Arkansas, Texas, Oklalioma, Kansas, Nebraska, and South Dakota,

23
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and in ])aiis of Illinois. Prof. 'P. 1). A. Cofkcrcll found a IVw speci-

mens of both the long-winged and the short-winged forms at Mesilla

Park, N. Mex.; Messrs. E. A. Schwarz and II. vS. Barber, of this

bureau, found a few short-wmged forms at -Hot Springs, Yavapai

County, Ariz.; Mr. George I. Reeves found some long-wmged forms

in southwestern Washington; and Mr. Albert Koebele and Dr. P. R.

Uhler found a few at San Francisco and Alameda, Cal., and also in

Lower California. Prof. Herbert Osborn found the short-winged form

at Sault Ste. Marie, Mich., and Mr. Herbert T. Osborn found it at

Weliinsrton, Kans,

jg=WESTERM a SOUTHERN LIMIT OF DESTRUCTIVE OUTBRE^KS. • = LOCALITIES WHERE. CMINCrt BU65 HAVE
J^AREA OF GREATE&T INFESTATION DURING 190 9 AND I9IO. BEEN FOUND OUTSIDE OF AREA OF 5ER1OU0

INFESTATION.

Fig. 11.—M;ip showing distribution of the chinch l;iig west of llic Mississippi River, 1911. (Original.)

DESCRIPTION AND NUMBER OF GENERATIONS.

Full descriptions of this insect are found in Bulletin No. 09 and in

Circular No. 113 of this bureau and will not be repeated here.

There are two principal generations annually in the Middle West;

the spring generation and the fall, or hibernating, generation, and a

partial third generation sometimes occurs in late fall to the south-

ward.

MIGRATIONS.

The liibernating bugs (fig. 14) issue from their winter quarters as

soon as the sun warms up the grasses in the spring, and fly out to

green grasses and young wheat and barley, where they feed, mate,

and deposit their eggs. The eggs (fig. 13 a, h) begin to hatch in late

April and continue hatching until June, vaiying with the seasonal tem-

perature and the latitude of the locality aiTected. The young bugs
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Fig. 1.—Corn Plant Killed by Chinch Bug. (Original.)

'\MWi^'^^

Fig. 2.—Chinch-Bug Ravages in Cornfield in Southern Kansas, 1910. i Original.)

Fig. 3.—Cornfield Adjoining Wheat Field from which Chinch Bugs Migrated in

Immense Numbers at Harvest Time. (Original.^

RAVAGES OF THE CHINCH BUG ' BLISSUS LEUCOPTERUSl
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hatching from tlicse eggs constitute the spring generation (iig. 13 c,ej,g)

and are the ones that do sucli enormous damage to wheat and young
corn. Some of this generation reach maturity as they are migrating

from wlieat to corn, but most of them reach the corn (see fig. 12)

before maturmg and do much damage thereto. It is because

the immature bugs reach the young corn in such immense numbers
and mass upon tlie plants that they do such widespread damage

Fig. 12.—Corn plant about 2 feet tall, infested liy chinch l)Ui;s. (Original.)

(see PL IV), their depredations ceasmg as they reach maturit}'. Only
on rare occasions is an entire cornfield devastated, and often the dep-

redation is brought to an abrupt standstill within a few rods of the

opposite margm of the field because the bugs have reached maturity

and dispersed. Durmg July and August the insects mate, and the

eggs for the second generation are deposited about the corn plants,

where the young, on hatching, find an abundance of easily accessible

food. Some of this generation reach maturity (see fig. 14) before

the corn becomes diy, and migrate to volunteer wheat, but most of
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Fig. 13.—Chinch bug: a, 6, Egg.s;c, newly hatched larva, or

nymph; d, its tarsus; e, larva after first molt;/, same after

second molt; g, last-stage larva; the natural sizes indicated

at sides; h, enlarged leg of perfect bug; j, tarsus of same,

still more enlarged; i, proboscis or bealc, enlarged. (From

Riley.)

tliein are forced to seek their food elsewliere. They usually find this

m kafir cane fields, and among some of tlie grasses, where they reach

maturity. From here they go to winter quarters before cold weather.

STATUS OF THE CHINCH-BUG PROBLEM IN KANSAS, MISSOURI
AND OKLAHOMA.

That the seasons of 1907 to 1910 have been favorable for the develop-

ment of chinch bugs in Kansas, IMissouri, and Oklahoma is indicated by
reports of injury to crops

received during these years.

The prevalence of the pest

and its de})redations de])end

upon meteorological condi-

tions to a great extent, as has

been discovered by ento-

mologists in the past, and

this fact is clearly brought

out by the observations

herein recorded and made
during the four seasons from

1907 to 1910, inclusive.

The bugs were very numerous in wheat fields in the early spring

of 1907 and dei)osited numbers of eggs on the young wheat plants.

Much wheat had been destroyed by the "green bug" (Toxoptera

graminum Rond.) during the spring, and many farmers had plowed

up their fields and planted them to corn; sometmies they did not use

the gang plow, but planted the corn with a combination lister and

planter. There were large numbers of eggs

and 3'oung of chinch bugs on this more or less

dead wheat that was plowed under, and aj)-

parently veiy few were destroyed during the

operation of i)reparing the ground for i)lanting

the corn. As soon as the corn plants ])ushed

through the soil they were attacked by the

young chinch bugs, with the result that a large

amount of young corn was ruined by them.

In the fields of wheat that had not been

plowed under in the spring there were also

numbers of bugs, and at harvest time these

found their way to other fields of young corn,

where they inflicted consideral)le damage.

The summer and fall were favorable for their

development, and great numbers went into hibernation in grasses.

The spring of 1908 opened the first week of March with warm, dry

weather and a deficiency of moisture which was alarming for this

season of the year and which had a telling effect on young wheat.

The chinch bugs flocked to the young wheat from their ^\'inter quar-

FlG. 14.—Chinch bug {Blis.sus Itu-

coptcrus): Adult of long-vviuged

!ori\\, much enlarged. (From

Webster.)
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ters, and very soon their ravages were in evidence. By the middle

of April the plants were turning to a red color, and the stems were

black and dry from their attacks, very few plants escaping, some
plants having as many as 200 bugs massed on them. Very few eggs

had been deposited up to the middle of April, but from this time on
until May 1 eggs were abundant.

The eggs began to hatch about the 1st of May, and in one week's

time the wheat fields were swarming with tiii}^ red bugs, much of the

wheat dying from their severe attack combmed with the effects of

lack of moisture. However, the situation was soon rapidly changed,

for rains came, and by the 1st of June there was hardly a living

bug to be found, either young or adult, but there were numbers of

unhatched eggs left unharmed on the plants. The wheat partially

outgrew this damage and made a fair crop, while the young corn

escaped injuiy.

Many eggs hatched after the rains ceased, and the bugs from these

eggs, together with the few that survived the drenching rains of jMay

and June, succeeded in getting to the corn, where they bred in large

numbers. By September, having left the Indian corn, which at this

time was becoming dry, the young bugs were plentiful on cane and
kafir. These bugs matured on the cane, kafir, and succulent grasses,

and large numbers went into hibernation in the fall among the grasses.

The spring of 1909 was Cj[uite late in opening. A big snow on
March 8 remained on the fields until March 20, and for several days

afterwards the ground was alternately wet and frozen. During the

last two days of March there was bright, warm sunshine, and the bugs

began to move about. On April 3 the bunches of sedge grass, Andro-

pogon scopaAus, in which the insects hibernated, resembled living

masses of crawling bugs, and before nightfall great swarms were flying;

this continued during the next few days, and the wheat fields had
now become badly infested. The chinch bugs commenced mating
very soon after reaching the wheat fields, and in a few days egg

laying began. Eggs were veiy numerous about wheat plants by
April 22, some were hatching, and by May 1 young bugs were abund-

ant. The massing in large numbers on single plants, which was so

noticeable in the spring of 1908, was entirely lacking in 1909; seldom

were there more than a dozen bugs on a plant, although nearly every

plant was infested.

The entire month of April, together with the first ten days of May,
1909, were exceedingly dry and wheat suffered from lack of moisture.

There was no noticeable injury to the young wheat from attacks of

the old hibernating bugs and not much from the combined attack of

both the old and young bugs, until the first week of May, when the

wheat failed ra})idly, owing to the great number of the insects and

the lack of moisture. Here, again, heavy rains of four days (May

8465°—Bull. 95, pt. 3—11 2
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11-14) checked their ravages and killed great numbers of both the

young and the old bugs. The rains were light from May 15 to 27,

and during this interval the young chinch bugs became veiy abundant.

On some wheat plants there were as many as 240 young bugs, while

other wheat plants were free from them; infested wheat plants

turned yellow and died, owing entirely to the effects of their atta<'k.

The heavy downpour of rain on the niglit of May 27 buried thousands

of chinch bugs in the loose soil and again put a temporary check on

their ravages. Tliis rain was the last one of any importance until

the night of June 22. By June 8 most of the bugs had changed to a

brown color and few red ones remained among them; several eggs

were observed on wheat roots. By June 14 the young chinch bugs

were very abundant on the stems and leaves of wheat, and 300 to 500

bugs per tiller were counted on several plants, which were turning

white and dying before the grain had matured. The ground was

covered with moving insects but in no instance were the chinch bugs

leaving the wheat fields. Five days later the wheat was prematurely

"ripened" through insect attack and the hot sunshine. The "ripen-

mg" grain forced them to seek food elsewhere and on June 21 they

began to migrate from wheat to corn. The grains in the heads of the

severely attacked tillers were small and considerably shriveled, while

grains in heads which had not been attacked were full size and plumj).

Great numbers which were migrating on June 22 were temporarily

checked by a light shower, only to continue the movement as soon as

the grass became dry. At night, however, a very heavy beating rain

fell, burying millions of bugs of all ages and sizes in the mud. The
mud-covered bugs nearly all died and those not dead hj the next day

were found stuck fast in the mud. The ground dried out by noon of

June 24, and the bugs that were not killed by the rain continued

migrating toward the cornfield. In an area of 4 square feet in a

wheat field there were 2,411 dead chinch bugs, some of them buried

one-half an inch in the soil. In an area of 10 square feet in the same

field there were only 244 living chinch bugs, all of which were moving

toward an adjacent coinficld where they collected in masses on the

outer rows.

The weather was quite dry during the next few weeks and the bugs

did considerable damage to 3^0ung corn, some fields being almost

devastated. The bugs began to transform to adults about July 5,

and their ravages ceased wdthin a week thereafter. There were

hordes of adult bugs scattered throughout the cornfields, and these

were mating and depositing eggs.

By the middle of August, when most of the corn had matured and

dried, there were again great numbers of young bugs on the corn

plants even under the outer husks below and about the bases of the

ears; the greener plants were much infested. The corn now began
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to get too dry to afford them food and they began migrating to kaiir,

sorghum, and grass fields, kilhng all (;rab-grass and ])anic grass in the

cornfields before they left them. Some bugs were observed in

aKalfa fields but at no time were they feeding on the alfalfa.

During October and early November several chinch bugs were
observed on young wheat and a few eggs and young larvae of the third

generation were observed. They did not damage the wheat during

the late fall, and by the middle of November had left the wheat fields

for winter quarters.

The kafir and cane were green until the middle of September, and
great numbers of chinch bugs were feeding on these two crops at tliis

time when the crops were harvested. They remained on these plants

and were put into the shock, where they were observed on several

occasions durmg the fall, but they all left before cold weather set in.

During early fall a few bugs were to be found in nearly every situa-

tion on the farm—some in com husks, some in alfalfa fields under

the leaves, and some among sparsely growing grasses, but most of

them were in the bunches of clumi)-forming grasses along fences,

roadsides, and railroad rights of way, in waste places, and in meadows.
That the weather conditions of the summer and fall were the most
favorable for the chinch bugs is indicated by the vast numbers that

went into winter quarters. Some of the bunches of the red sedge

grass (Andropogon scoparius) contained from 10,000 to 20,000 bugs,

this grass affording them the most attractive and favorable hibernat-

ing quarters.

The severe cold weather of December, 1909, was disastrous to bugs
that failed to reach some of the clump-forming grasses, and very few
bugs in corn husks and among thin grasses sur\dved the winter.

SOUTHERN KANSAS AND NORTHERN OKLAHOMA, 1910.

In southern Kansas and northern Oklahoma the spring of 1910

opened the last week of March with warm, dry weather. The chmch
bugs began to migrate to the wheat fields ; on ^farch 24 the air was
full of flymg adults and by March 26 the wheat fields were badly

infested. The weather turned much warmer about Ajnil 1 , the chinch

bugs began mating, and by April 10 were depositing eggs about the

wheat roots; by April 20 the eggs were very abundant—hundreds
on the exposed roots of every plant. Not many eggs hatched during

April and the first 10 days of May on account of the cool weather,

but they hatched profusely during the next few days, so that by May
20 the fields were overrun with myriads of very young chinch bugs.

Wlieat throughout southern Kansas and northern Oklahoma had
been severely winterkilled, wliich, together with the exceedingly

dry spring, left the plants in a very weakened condition. The soil

was so dry during April and May that the small amount of lainfall
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was of littlo value, Tlie ground was badly cracked, exposing the

wheat r()<»ts to the hot sun and drymg winds and these, together

with the bugs, killed a great many plants. Wheat was so badly killed,

mostly by meteorological influences, that by May 1 thousands of

acres had been abandoned and corn planted in its stead. The young
bugs and eggs were little molested by the operation of corn ])lanting

and as soon as the sprouting corn pushed through the soil hundreds

of bugs were ready for every plant. Some such fields were even planted

the third time onl}' to furnish food for these hungry insects. The
bugs would crawl from beneath several inches of loose soil and be

ready to attack the young ])lants as soon as the}" appeared.

Such wheat as was not abandoned made a poor growth on account

of drought and was severely damaged by the chinch bugs, great

numbers of which were on every plant, so that by June 10 they had

sapped the life from them. As the wheat and grasses were killed

by the drought, the bugs were forced to abandon wheat fields and

hunt for food elsewhere. The corn, which had made very poor growth

up to this time on account of the lack of moisture, was very small

and weak when the bugs reached it, and this early attack by the young
chinch bugs resulted in the devastation of thousands of acres before

the bugs became mature. On reaching maturity they abruptly

dispersed and their depredations were brought to an end.

Young bugs of the second generation became numerous the first

week of August on the cornstalks under the sheaths and under the

outer husks of the ears. Corn leaves, stalks, and husks of ears were

dry by the middle of August and bugs were movmg out of these into

fields of kafir and sorghum, both of which suffered under their

attack, many fields being laid waste by September 1. Owing to

the continued drought throughout the fall the Indian corn, kafir,

cane, and grasses died leaving the chinch bugs without sufficient food

supply, with the result that of the vast horde of bugs hatcliing in

August com])aratively few survived to go into winter quarters.

Duiing September and October a few young chinch bugs matured on

volunteer wheat, later depositing a few eggs for a partial third genera-

tion. No damage was done to wheat by these few insects, altliougli

some of them lemained on or about the wheat i)lants till cold weather

set in. There were not nearly so many chinch bugs in the bunches

of grass in tlie fall of 1910 as in the fall of 1909.

KANSAS, 1911.

As previously indicated, the fall of 1910 was veiy dry and wheat

failed to sprout in Kansas and Oklahoma. The winter of 1910-11

and the spring of 1911 continued dry, veiy littk^ i-ain falfing during

tlie entire period till the last of May, 1911. This extended drought
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affected both crops and cliiiicli bugs to such an extent that wheat was
almost a faHure and the numbers of the bugs were greatly reduced.

The whiter wheat which was seeded ui September and October, 1910,

was seeded in a very diy soil; very httle of it sprouted. A few

localities were favored with a shower of rain in September which

sprouted the grain, and the bottom fields along the rivei"s and creeks

contained enough moisture to sprout the grain and produce a fair

crop. As a result of the drought, however, veiy little wheat

matured on the uplands.

The chinch bugs went into liibemation in a veiy weakened condi-

tion because the grasses had dried up in the fall. Many of them did

not reach their usual whiter quartere but stopped in ahiiost any place

they could find. Many hibernated in trash in alfalfa fields where a

small percentage succeeded in living through the winter. The death

rate of hibernating bugs was greater than hi any previous winter

included in tliis study; in some of the bunches of Andropogon GO per

cent of the bugs were dead. Wlien the first warm days of spring

occurred the few bugs that were left were very inactive and the

migration to green fields, which had been so noticeable in former

yeare, was lacking. However, there was a migration during some
very hot days in the latter part of April—over a month late. The
dymg of the bugs durmg the winter was probably due to two causes,

one being the starved condition of the bugs when they went into

Idbernation and the other the hot days during the winter followed by
the veiy cold days in the spring. During these hot days in the middle

of \\dnter the bunches of grass would be swarming with the bugs and

the veiy next day the thermometer would register 8 to 10 degrees

below zero. In spite of all these adverse conditions many of the

bugs lived to infest the fields in the sprhig.

The failure of wheat caused the farmers to plant other crops in

many of these fields, but some of them were left standing until May
in the hope that a crop would be produced. The bugs reached the

few fields that were left, damaged the plants considerably, and de-

posited numbers of eggs. Many wheat fields were seeded to oats after

the wheat failed, thus leaving the few wheat plants growing in the

fields for the young bugs to feed upon. At no time could young bugs
or eggs be found on the oat plants. Notwithstanding the fact that

numbers of farmers lost several plantings of corn in 1910 by planting

the infested wheat field to corn, hundreds of acres of corn were planted

in such fields in the spring of 1911, only to be destroyed later. There
were areas of 8 to 10 square miles that did not contain an acre of

wheat after the middle of May, all of the fields liavhig been planted

to other crops. In these localities where the wheat was missing the

bugs were also missing, and where the wheat was plentiful the bugs
were very plentiful and did considerable damage to adjacent corn.
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It is vciy Jippannit that wlicat lias a decided efVect on tlie presence

of the chinch bugs, as indicated in the locahties wliere the wheat was a

faihn-e this sprmg.

The diy weather had its effect on the fungus, Sporotriclium glohuli-

ferum, and it has not occurred in tlie fiehls this season (1911). Only

once has it been possible to secure it in the laboratory. Continued

search has been made for it in all kmds of places, especially after the

rains in May and in July, beyond wliicli latter month this record does

not extend.

HIBERNATION.

At the beginning of the investigation the advisability of getting

rid of the chinch bugs before they entered the young wheat in the

early spring was very evident, for when once they have reached

there they are not readily accessible. This led to a series of observa-

tions on their hibernating habits for the purpose of determining the

places preferred by the bugs.

The current belief that most of the bugs pass the wmter beneath

corn husks, among cornstalks, in fence rows, under boards and rails,

in heaps of rubbish, in straw stacks, along hedgerows, and in fodder

shocks is not borne out by investigations in Kansas and Oklahoma

following a severe winter. Wlien the bugs are very abundant, as

they were in Kansas, Missouri, and Oklahoma during the fall of 1909,

a few may be found in any of these situations, especially in the early

fall. The most of the bugs find their way to thick bunches of cluni})-

forming grasses in waste places, in pastures and meadows, and along

roadsides and railroad rights of way. During late fall and early

winter great numbers of living bugs can be found in corn husks,

fodder shocks, piles of kafir, cane, and in most any place covered with

vegetation—even in alfalfa fields where they find no food. In the

spring, however, veiy few living bugs but many dead ones can ])c

found in such situations, indicating that most of them died there.

They find much better ])rotection in the thicker and more dense,

than in the thinner grasses and mider trash in o])en fields. The bugs

seem to prefer the thicker grasses, though they are cpiitc often found

in other situations, and after open winters, as the one of 1910-11,

many living ones can be found under veiy thin protection. Many
living chinch bugs were taken from trash collected in an alfalfa field

and some were found in corn fodder and corn husks lying on the

ground on February 24, 1911, at Wellington, Kans., though most of

the chinch bugs are at this time in the thick bunches of sedge grass.

The situation in southern lUinois for the spring of 1911 was quite

similar to that in southern Kansas; there were abundant clumps of

Andropogon along roadsides, in fields, and in woodlands, and more

chin<*.h ])ugs were found in these clumps of grasses than in trash,
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under boards, or in any other place. There were not a great many
bugs in any one place, however, and it would be rather difficult to

make a conclusive comparison between the two widely separated

localities, although the indications are that the majority of the bugs

seek the thick grasses in which to hibernate.

The destruction of the hibernating chinch bugs is of much impor-

tance ; it has been discussed frequently and is strongly recommended

by entomologists throughout the United States. As the methods of

farmmg, the prevailing crops, and the mid grasses vary in different

localities where chinch bugs occur, the places of hibernation may also

vaiy considerably.

Mr. C. L. Marlatt, of this bureau, in an article on the hibernation of

chmch bugs," has the following to say:

In nearly every account of the chinch bug which I have seen, stress has been placed

on the hibernation of the adult in rubbish of any sort, such as piles of corn fodder, hay

piles, straw piles, and dried leaves along hedgerows. In course of very careful inves-

tigation carried on in Kansas during a year of excessive abundance , I failed entirely

to find any basis for the above supposition. Repeated careful search throughout the

late fall and winter failed to discover a single living chinch bug in such situations.

Failing to find them in the situations noted, I carried the examination further and

finally discovered what is probably the normal hibernating place of the chinch bug

in the dense stools of certain of the wild grasses, such as the blue stem and other sorts.

* * * So marked is this hibernating habit that it is reasonable to infer that it is the

normal and ancient one of the species, the natiu-al food plant of which, before the

advent of settlement and growth of the cereals, must have been some of our native

grasses.

Mr. H. W. Brittcher, in regard to hibernation,^ says:

* * * they may frequently be found, more or less closely crowded, low down

among the stems of clumps of wild rushes and grasses, often working their way down

between the stems and the soil.

He recommends burning the sedges in which careful examination

showed the bugs to be abundant. It must be remembered that in

Maine it is the short-winged form that prevails and is there a grass

as well as grain destroying insect.

In regard to hibernation, '^ Dr. S. A. Forbes, State entomologist of

Illinois, says:

On the 7th of November a careful search was made in corn that had previously been

badly infested by them, but none were to be seen upon the stalks or under the rubbish

on the ground in the field; in the thickly matted grass adjacent only a single specimen

was discovered by 15 minutes' search. On the 14th of this month the weather was

cold and raw, and the groimd was frozen about the hills of corn from an inch to an

inch and a half in depth ; a very few bugs were now found in the crevices of the ground,

among the roots near the surface. At Champaign, on the 15th, I visited again the field

of Bogardus and Johnson, making a careful search for hibernating individuals about the

« Insect Life, vol. 7, pp. 232-234, 1894.

bl9th Ann. Rept. Maine Agr. Exp. Sta., 1903, p. 42, 1904.

f 12th Ann. Rept. State Ent. of 111., pp. 37-38, 1903.
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stalks, under the weeds in the field, and beneath the rubbish collected about the

hedgerows. Not a single specimen was found in these situations, although every

temptation was afforded to hibernating insects, and many other species occurred

abundantly. To what resorts the swarms which had developed in these situations

had betaken themselves to pass the winter, I am not able to say.

Prof. Herbert Osborn,® in giving a summary of liis observations

on the chinch bug in Iowa in 1894, states:

In a great majority of cases, 90 per cent or more, the infested fields were directly

adjacent to hedges or thickets or belts of timber, and in 75 per cent osage-orange hedges

were the most available shelter. In about 13 per cent of cases the evidence showed

hibernation in grass and w^eeds and in some of these cases there could scarcely be a

doubt that the hibernating bugs were protected by a heavy growth of grass or weeds

and that they moved from tliese directly into adjacent fields.

Prof. F. M. Webster, of this bureau, has probably given the chinch

bug more attention than any other entomologist and has contributed

more to our knowledge of the pest. His observations in Ohio and

those made by Prof. Herbert Osborn in Iowa are at variance with

those made in Kansas by Mr. Marlatt and by the writers. Prof.

Webster offers the following explanation « of their hibernating habits

m different locahties:

In Kansas, where Mr. Marlatt made his observations, there was still too much

prairie, and the species was doubtless still adhering to its ancient habits of hibernation.

In southern Ohio the author has found it attacking the wheat in May, in small isolated

spots over the fields, while there was nothing in the least to imply an invasion from

outside, but the wheat had been sown in the fall among com, and later the cornstalks

cut off and shocked, remaining in this condition until the following spring. This

occurred so frequently that there seemed no room to doubt that the attacks had been

caused by adults wintering over in the corn fodder and that these left their winter

quarters in spring to feed and breed on the grain growing nearest at hand.

The hibernating habits of the chinch bugs have been closely

observed during two seasons in Kansas and Okhihoma, and the obser-

vations made indicate that the bugs hibernate there chiefly in dense

clumps of sedge grass, principally those of different species of Andro-

pogon.

The following data wath reference to the hibernating habits of the

chinch bugs were made by the writers in southern Kansas, and are

given here to substantiate the above statement

:

From Mr. Hayhurst's notes made in the fall of 1907: On October

26, at Winfield, Kans., he found active adult chinch bugs in stools of

broom beard grass (Andropogon scoparius) in great numbers, always

close to the ground. On November 1, 1907, at Newkirk, Okla., he

again found many active bugs in the stools of forked beard grass

{Andropogon furcatus) close to the ground. They were present in

nearly every stool of this grass examined along roadsides and also on

the open prairie where the grass had been cut.

"Bui. 69, Bur. Ent., U. S. Dept. Agr., pp. 16-17, 1907.
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At Wellington, Kans., the senior author, on October 3, 1908,

observed adult chinch bugs flying and collecting in grass (Andro-

pogon) down at the crown, and on October 12 he saw hundreds of

bugs in some clumps of this grass along roadsides. During the early-

spring of 1909 hundreds of living adults were found in clumps of this

same grass, where they had evidently hibernated. On November 30,

1909, in this same locality the authors observed some bunches of

Andropogon scoixirius containing 6,000 t(^ 10,000 bugs each, and on
November 29, 1909, they found a few living bugs in corn husks, but

most all of the bugs were in bunches of grass. Again, on December
22 one bunch of Andropogon 2 inches in diameter was found to con-

tain 1,508 bugs; many bunches were 8 to 12 inches in diameter, and

contained as many as 15,000 to 20,000. Bugs were found only in

grasses that grow in clumps; none was discovered in rubbish, old

straw piles, fodder shocks, or in sorghum-cane piles. Several dead

bugs were found in corn husks, but no living ones. A number of

bugs collected at random from the base of some bunches of Andro-

pogon was brought into a warm room to see how many would revive.

There were 325 living bugs and 89 dead ones, or 21.5 per cent dead.

None was found in bunches of reed grass (Calomagrostis), Sporobo-

lus, blue grass (Poa), or crab grass (Digitaria).

The method for separating the living chinch bugs from the trash

and dead bugs was a ver}^ simple one. The bugs and bunch of grass

containing them were put on paper in an oblong box, and the box
placed in front of a fire, where the living bugs would readily crawl out

of the grass and trash to the corners of the box and beneath the paper.

Care was taken not to heat the bugs to more than 100° F., as a liigher

temperature might kill them.

On December 24 another lot of chinch bugs, collected at random
from clumps of Andropogon and brought into a war.m room, gave 755

living and 234 dead, or 23.6 per cent dead. Again, on December 29

a third lot of bugs in clumps of Andropogon was brought into the

laboratory, where the warmth of the room soon revived them, and
they became active. Of this lot of bugs 20 to 25 per cent were found
to be dead, probably from exposure to cold or perhaps from old age.

On December 30, corn husks and the husks of fallen ears, which had
not been harvested, were searched for living chinch bugs. Very few
were found and none whatever about old straw piles. Ver}^ few bugs
died during Januar}^, as indicated by observations during the last

part of that month. Three lots of bugs were collected from bunches of

Andropogon; the first contained 298 living and 72 dead bugs, or 19

per cent dead; the second contained 137 living and 35 dead bugs, or

20 per cent dead; the third, which was collected on February 12,

1910, contained a few more than 10,000 counted bugs, 20 per cent of

wliich were dead.

8465°—Bull. 95, pt 3—11 3
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The weather was somewhat drier, but agricultural conditions for

the fall of 1910 were about as those of previous yeai-s, except that

vegetation was practicall}- all dry before frosts. Climch bugs were
not nearly so numerous as in the fall of 1909, clumps of Andropogon
containmg only 80 to 2(50 bugs each, whereas there were thousands

the previous winter. Durmg the early fall it was agam observed

that the corn husks were full of adult bugs, but by cold weather these

were nearly all dead ; the mild winter, however, permitted some -of

these bugs to live through, and some were alive on February 24,

1911.

From the foregoing data, covering four seasons, there can be httle

doubt that m Oklahoma, Kansas, Missouri, and pi-obably southern

Illmois these clump-forming grasses form the principal hibernating

quarters of the pest. This definite knowledge of their habits puts a

most practical and effectual weapon into the hands of the farmer,

which he may apply months in advance, in defense of his crops.

The farmer can readily determme whether the grasses on or about

his farm contam climch bugs by pullmg open the tufts of red sedge

grass. (See PI. V, fig. 3.) If the bugs are present in these clumps

of grasses, it is of the utmost importance that they be burned. The
habits of the hibernating generation and the migration of the spring

generation offer the best opportunities for forestalling and preventing

future ravages.

PREVENTIVE MEASURES RECOMMENDED.

DESTRUCTION OF CHINCH BUGS WHILE IN HIBERNATION.

The burning of grasses and rubbish about the farm to destroy

clunch bugs has been often recommended and is doubtless the most

eifective measure to be taken against future ravages of the pest.

In the Southwest the chinch bugs are known to congregate in

bunches of grass in late October and remam there till the warm
days of early sprmg. It is only a matter of burning off these grasses

at the proper time to effectually rid such places of the pest, and the

grasses are generally sufficiently diy to burn readil}' by the 1st of

November. The cliinch bugs crawl deep down among the grass

stems, a few of them even getting beneath the dust and debris, thus

seekuig protection from the freezes that are to come. It is veiy

important that the grass be diy and yet burn slowly, so that the

heat will thoroughly penetrate the dense grass and reach the bugs.

It is not necessaiy for the fire to come mto direct contact with the

bugs in order to Idll them, as they died very quickly m the laboratory

when exposed to the heat of a flame from 12 to 20 inches distant, the

fatal tem])eraturc being in these exi)eriments about 111° F. Fall

burning of the grasses among which tlie bugs are congregated has a



Bui. 95, Part III, Bureau of Entomology, U. S. Dept, of Agriculture. Plate V.

Fig. 1.— Pile of Sorghum Canes in which no Hibernating Chinch Bugs could be

Found. (Original.)

Fig. 2.—Waste Land Along Stream in Foreground, Sedge-Grass Meadow in

Background; Chinch Bugs Found Hibernating in Both. (Original.)

F̂ig. 3.—Clumps of Red Sedge Grass iAndrgpogon scoparius) in which over 6,000
Chinch Bugs were Found Hibernating During Winter of 1909-10. (Original.)

HIBERNATION OF THE CHINCH BUG.
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twofold value; first, it will kill large numbers of bugs directly; and,

second, the bugs not killed by the fire w411 be left exposed to the

whiter freezes, which of themselves w^ill in ordinary seasons kill

many of them. On several occasions durhig fall and sprhig bugs
were removed from the stubs of burned grass and the percentage of

dead and five bugs obtamed. On an average about 75 per cent were
Idlled in the fall and about 63 per cent in the sprmg. In the spring

about 20 per cent of the bugs, which hibernated m the clumps of

grasses, were dead from exposure and other causes. From natural

causes and burnmg in sprmg, there were about 83 per cent of the bugs

dead. These percentages were obtained by actually counting the

msects and are not from estimates. The fire can not reach all the

bugs, even with the most careful burnmg, because of protection

afforded by green or wet stems m early fall and late spring; therefore

it is essential that the grass be burned during late fall or early w^mter,

Wliile this remedy is recommended above all others, its effectiveness

is entirely dependent upon the farmers and their cooperation, and

it is an easy matter for neighborhoods to combme in an effort to fight

the pest m this manner.

DUST BARRIERS.

If the bugs are not Idlled out during hibernation, the mam de-

pendence of the corn grower must be in the destruction of the bugs

as they migrate from the ripening small grain to enter the corn-

fields. As soon as the ripenmg gram compels the bugs to desert it

and they start for the corn, a narrow strip of ground between the corn

and wheat should be deeply plowed and thoroughly pulverized,

making a dust bed. Then a short block or a triangular box should be

made m form of a sled with the bottom fitted with a seat for a driver.

This should be dragged back and forth in this dust bed until a deep

groove or furrow has been made. If this furrow has been well pre-

pared, and the weather continues dry, it wiU prove an impassable

barrier to the progress of the bugs. In order that this kind of barrier

may be successful, the block must be kept m constant use, from early

until late and sometimes w^ell into the night. Often, durmg the migra-

tion, the bugs travel all night. Shght showers render dust furrows

useless and if a shower is pendmg, and under such weather conditions,

it is best to employ the coal-tar barrier. Owing to the fact that dry

weather often prevails on the plains durmg this season the furrow

method under these conditions is especially recommended.

COAL-TAR BARRIERS.

The coal-tar barrier can be operated successfully in the Middle-

Western States to prevent tlie bugs from migrating to young corn.

The success of this measure depends on the farmer and his careful
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attention to the tar line. Preparations for the barrier should be begun
in all cases where the bugs are found abundant in ripening grain.

Frequently the soil is quite compact along the margins of wheat
fields and if it is, a smooth path can be readily fixed at the edge of the

field next to the corn. If the soil is not compact it is well to throw two
furrows together, making a ridge, and with a llea^y block make the

top of it veiy smooth and compact. Along this smooth path, post

holes 12 to 18 inches deep should be dug about eveiy 20 or 30 feet.

Get a supply of coal tar, or if it is niore convenient, pine tar or crude

oil, ready to use as soon as the bugs begm to travel. An old coffee

pot with the spout pinched so as to allow a small stream to flow is

convenient for putting the line of tar on the patch. By holdmg the

vessel near the groinid a narrow line no wider than a pencil can be

made, and this is all that is necessaiy. The tar line should strike

the post holes near the middle extendmg directly around the edge of

the hole on the side next to the corn, leavmg the edge of the hole

next to the wheat free. Wlien the chinch bugs reach the tar line

they will not cross it but will turn aside and run or crowd each other

mto one of the post holes. As soon as the holes are partially filled

with bugs a small amount of kerosene poured in them will kill them.

Care must be taken in putting the Hue around the post hole so that

the assemblmg mass of bugs does not crowd over it. When first ap-

phed the material will soak into the ground, but a hardened crust

will readily form which will hold it until it slowly dries out. The line

must be closely watched and renewed as often as the bugs begin to

break over it. AVlierever the soil is sandy and veiy loose a shght wind-

storm will cover the tar, makuig passageways for the bugs, and under

such conditions the line must be renewed quite often. A man or boy

can care for from 80 to 100 rods of the barrier, but he must stay with

it from early till late. Ordinarily the bugs will have finished their mi-

gration from wheat in 10 days. This metliod is apparently costly and

troublesome, but the actual expenditure of labor and money is insig-

nificant as compared with the loss of the corn crop which may thus

be prevented.

REMEDIAL MEASURES.

DESTROYING BUGS WHICH ENTER CORNFIELDS.

After the bugs enter the cornfields they will at first collect in

masses on the plants of the first two or three rows and shouhl be

killed before they proceed farther. This can be done in two ways,

by ai)plying a gasoline torch and by spraying them with specially

prej)ared solutions.

The flaming torch is not altogether satisfactory on account of the

liability of damaging the plants. Great care must therefore be
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taken with the flame in order to use it safely and effectively. The
flame must be in motion all of the time while on the plant, and gen-

erally one blast will cause all the bugs to fall to the ground, where

they can be burned.

There are several spraj-ing materials which can be used effectively

against the bugs after they have congregated on the young corn,

but, unfortunately, most of these are injurious to the plants. Kero-

sene emulsion of 5 per cent strength will generally kill the bugs and

will not always injure the corn. The stock solution is made by
boiling 1 pound of good lye soap in 1 gallon of water, adding this to

2 gallons of kerosene and stirring the mixture with a paddle for five

to ten minutes. A better way to stir the mixture is to put the

nozzle of the spray in the vessel and pump the liquid back into the

vessel for five minutes. Dilute the mixture to a 4 or 5 per cent

solution by adding soft water. Some of the proprietary spraying

materials and cattle dips have been used to kill the bugs where they

have become alarmingly abundant. One serious objection to these

materials is that they are ver}^ injurious to the plants. However, it

is sometimes better to sacrifice the first few rows and save the field

than to let the bugs have their way.

UNSATISFACTORY REMEDIAL MEASURES.

GREEN-CORN BARRIERS.

Cutting the first half dozen or dozen rows of green corn and making
a continuous pile along the last row cut is a method of creating a

l)arrier very often employed. The green-corn barrier is made about

the time the chinch bugs begin to enter the corn. The bugs are

checked an hour or two b}^ the corn pile, but readily pass on to the

fresh, living plants.

The piles of corn plants afford shelter for the bugs, and often a

quart of cast skins can be found in a heap under these piles. These

cast skins have often been misleading to farmers, inducing them to

believe that the bugs died from eating the sour juices of the cut

corn or having died from disease. A harrier of this Tcind is not to he

recommended.

PLOWING UNDER INFESTED CROPS.

As the chinch bugs in the Southwest do not hibernate in cornfields,

plowing under of stalks and stubble in such localities will be of no

advantage. It has been repeatedly shown that plowing under a crop

of wheat, rye, or barley badly infested with young bugs is not eft'ective

unless the plowing is deep and very thoroughly done and the field

is immediately afterwards harrowed and rolled.



40 PAPERS ON CEREAL AND FORAGE INSECTS.

In experiments comliicted by Dr. F()r})cs in 1888" bugs buried

mtli wheat at a depth of 6 inches were ahve after five days and some

buried 5 inches came to the surface. Tlie earth was j)acked over

these to imitate rolhng.

E. M. Shelton,^ from observations in Kansas, writes:

Chinch bugs plowed under with young«\vheat to a depth of 8 inches May 9-10—the

ground afterwards harrowed and repeatedly rolled—nevertheless emerged in enormous

numbers (some having apparently hatched in the earth), escaped from the plots and

attacked adjacent crops.

Because of the wheat being winter-killed in central and southern

Kansas and northern Oklahoma during the winter of 1909 and 1910

many of the wheat fields containing young and old bugs and eggs

were listed during April, at the time when the eggs were hatching.

In many cases corn was listed directly into the wheat ground, tear-

ing up the young wheat, but not entirely destroying all of it between

the rows of corn. The eggs and young bugs were buried from 1 to

6 inches. Tlie undestroyed wlieat was soon covered with young

bugs, wdiich afterwards attacked the corn as soon as it a])peared

above the ground.

Even in fields where no wheat was visible after listing the corn

was entirely destroyed. There is every reason, the authors believe,

for presuming that the eggs hatched beneath the ground, and the

young, after feeding there, had found their way to the surface and

to the corn. Corn listed in fallow ground was free from bugs.

Planting of corn in wheat fields badly infested with chinch bugs is

not advisable, and is generally attended by the complete destruction

of the corn. When a badly infested crop is plowed under it should

be followed by a crop not affected by chinch bugs, such as cowpeas,

soy beans, alfalfa, or clover. Plowing the bugs under as a means of

destruction is not recommended unless in connection with a trap

crop, the work being thoroughly done and followed by harrowing

and rolling or otherwise })acking the surface of the ground.

PARASITIC FUNGI.

EARLY OBSERVATIONS.

The susceptibiUty of the chinch bug to a contagious fungous disease

was first observed by Dr. Henry Shinier in Illinois in 1865. Since

that time two fungi have been found, which are credited with being

fatal to this insect. These have been determined as PMomophthora

wphidis Hoffman, and Sporotrichum glohuliferum Speg. Of these two

fungi, Sporotrichum (known by farmers as "fungous disease" or

"white fungus") appears the most abundant in localities badly

a iGth Rept., State Ent. 111., p. 45.

& Bui. No. 4, Kans. Agr. Ex^). Sta.
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infested with chincJi bugs, and it is on this fungus that most observa-

tions have been made.

The genus Sporotrichum includes a large number of fungi, the most

of which are purely saprophytic (i. e., living on dead animal or vege-

table tissues). According to the best information obtainable, some

of these are known to attack living tissues, causing their death, but

afterwards developing rapidly on the body of the dead host. Sporo-

trichum (jlohuliferum belongs to the latter class, and is known to occur

on insects belonging to the orders Coleoptera, Lepidoj^tera, He-

miptera, and also on myriapods (centipedes and millipedes). It is

credited with effectively attacking the elm leaf-beetle, the pupae and

adults of which are found covered with the fungus, especially in late

summer of a moist season.

«

Attempts have been made in most of the C^entral-western States

to grow this fungus under artificial conditions, and then introduce

it into fields badly infested with chinch bugs, where the fungus is

not known to be present. With the possible exception of the Kansas

experiments, made by Dr. vSnow in the early nineties, these attempts

met with little success. In most cases some unfortunate circum-

stance always arose to make the success of the experiment uncertain.

(This fungus requires rather cool, moist weather for most rapid

development, and is present in greatest profusion when the bugs are

exceedingly plentiful and massed together.) In many of the early

attempts at artificial introduction, Entomophthora was present as

well as Sporotrichum, thus giving rise to some confusion concerning

just which fungus was credited with actually killing the bugs.

The most important of these experiments are fully set forth in

the reports of the State entomologist of Illinois and in Bulletins 15

and 69 and Circular 113 of this bureau, and tlierefore require no

extended discussion here.

OBSERVATIONS BY THE WRITERS.

FIELD STUDIES IN KANSAS AND OKLAHOMA.

It is fully realized by the writers that the determination of the cause

of a disease is most difficult, and that it requires extended laboratory

research along many different lines. To state that this fvmgous disease

is the cause of the mortality among the chinch bugs, without this

extended laboratory investigation, would be entirely unscientific.

The observations given here are published for what they are worth.

Observations on the habits and occurrence of the fungus were made
in Kansas and Oklahoma during the spring of 1908 and 1909, and

the spring and summer of 1910. Some additional data were obtained

with respect to its behavior in the field among chinch bugs of all ages

"Conn. Agr. Exp. Sta., Bui. No. 155, 1907.
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and under vaiyiii<; weather conditions. Most of the observations

were made in Sumner County, Kans., where the fungus had ])roba-

bly been present among the bugs in the fields for a number of years.

Considerable fungus was present during 1908 and 1909.

It again appeared among the chinch bugs in southern Kansas

during April, 1910, and was first observed in the fields April 18 on the

dead bodies of some adults lying on the ground at the base of young
wheat plants. From this date the fungus gradually increased, dead

adults covered wdth fungus being found almost every day. These

were always on the soil, or slightly buried beneath the surface, about

the roots of wheat.

During the first week of May the weather was cool and rainy, the

mean temperature of the week being 59° F. and precipitation 0.75

inch for four days. The bugs, during tliis period, were sluggish and

sought shelter under blades of wheat or any trash that would keep

them off the ground. Succeeding this week of wet weather, followed

two hot days, with a mean temperature each of 68.5° F. and 79.5°

F. At the end of this period the following note was made

:

A number of dead bugs were found lying on the ground, their bodies whitened with

the fungus. One plant had 7 dead, fungus-covered bugs at its l)ase. No young bugs

found covered with the fungus.

From notes of May 1 8

:

A great many old bugs are dead and covered with the Sporotrichum, but failed to

find any young bugs covered with this fungus. The dead bugs are on the surface of

the soil.

About this time the young bugs which had hatched from the eggs

deposited in the wheat were massed together about the bases of the

wheat plants. Where the wheat had winter-killed, and had been

torn up and corn listed into the ground, the bugs which hatched on

the wheat had gone to the nearest corn plants. Some stalks of these

plants were red from the myriads of young bugs assembled upon

them; in no case could any fungus be found on these young bugs,

but there were usually a few overwintering adults to be seen about

the base of these plants, and upon turning over a clod some of their

dead bodies covered with Sporotrichum were usually to be found.

Plenty of the fungus could be found at this time in wheat fields where

the adult hibernating bugs were still present. Sporotrichum grad-

ually became more abundant during the succeeding days of May and

early part of June, the amount observed seeming to fluctuate with

the weather, being most abundant while it was damp and cool and

checked by a few days of dry weather. It developed most rapidly

in wheat fields during the first 10 days of June, while the bugs, both

young and old, were migrating from the wheat to the corn, the fungus

being at this time abundant on dead adults in contact with the soil

and in .some cases on the bodies of young dead bugs.
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At this time attention was transferred from the wheat to the corn-

fields where very little fungus was noted, most of the old bugs being

dead, and the young ones seemingly free from any fungus. Some of

it could be found on the bodies of the adults about the base of the

corn, just as observed about the corn which had been listed in the

wheat. infested with the bugs; none, however, could now be found

above the surface of the soil, all fungus being either below or on

the surface of the ground.

The bugs were now seriously damaging the corn, as will be seen by

the following note made on June 1 5

:

Bugs still migrating from wheat to corn. They are out for 40 and 50 rows on corn

adjacent to wheat. No Sporotrichum is developing.

The farmers of Sumner County were informed of the presence of

the fungus in this locality, through the press, and by interviews with

them at the laboratory at Wellington. On June 24, two reports

came from the farmers that the fungus was killing off the bugs. Vis-

its were made to their farms, and the "dead bugs" proved to be only

piles of cast pupal skins, which they had found beneath piles of green

corn, and bundles of wheat and oats. This same mistake on the

part of the farmers was made during the experiments of Dr.

Snow in 1891. In reports of farmers to him we quote: "In some

fields the bugs have been reported dead in bunches," but he continues

"of the fields visited, no large bunches of white-fungus bugs have been

found, * * * each bug had died by himself." '^ This confusion

of the fungus-killed bugs with their cast-off pupal skins is one fre-

quently made by farmers, and such reports in regard to the efficiency

of the fungus are very apt to be erroneous.

On June 23 the bugs began to leave the badly infested corn, as

the young had now developed wings. By July 1 they were so widely

scattered over the corn as to give the appearance of having left the

fields. In some instances this apparent disappearance of the bugs

was credited to the fungus by those who had not been constantly

watching them, several farmers reporting that the fungus had killed

their bugs because there were so very few to be found.

Heavy rain fell on July 8 and 10, but Httle Sporotrichum could be

found among the bugs in the corn. On July 19 a few dead adults

located on corn leaves from 1 to 2 feet above ground were observed

covered wdth Sporotrichum. This was the only case during the

summer where the fungus was observed not in contact with the ground.

At this time an examination of the wheat stubble was made and the

following note made

:

In pulling up wheat stubble large numbers of dead fungus-covered bugs were

found in some places, the soil about the wheat roots being speckled with the fungus.

a 1st Report on Contagious Diseases of the Chinch Bug, F. H. Snow, 1897.
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Particles of the fungus were found on dead adult bugs or a ])art

of their bodies—some masses of white fungus covering only a broken

abdomen, or a thorax %\dth \ving attached, by which the insect was

identified. It appears that the fungus had developed rapidly on

fragments of bugs and entire bodies of the bugs, especially when
buried beneath the soil. The indications here were that much white

fungus had made its entire growtli on the dead bodies of the hiber-

nating adults which had migrated to the wheat fields.

Durhig the last week of July the weather was hot and dry and

myriads of young bugs of the second generation, now feeding, sought

shade under blades of corn, or beneath the clods at the base of the

plant, but during this time no fungus developed. This condition

prevailed until the middle of August, when wet weather again set

m, and while this did not seem to increase the amount of Sporotri-

chum present, plenty of the fungus could be found in the soil around

wheat stubble. However, this fungus seemed unable to infect the

young bugs in the corn above ground, even where the cornfield

joined the wheat stubble.

Sumner County, Kans., seemed to be about the center of the

Kansas-Oklahoma chinch-bug infestation. With a view of finding

out whether or not the fungus Sporotrichum was present in other

places over the infested area, as well as to determine the extent of

the infestation, a trip was made during June of 1910 through central

and southern Kansas and central and northern Oklahoma, which

represents pretty well the area infested during 1910 in this part of

the Southwest. Twenty localities were visited, viz: Ilerrington,'

McPherson, Hutchinson, Pratt,* Dodge City,* Great Bend,* Sedg-

wick, Wichita, Winfield, Arkansas City, South Haven, Caldwell, and

Caney, Kans.; Medford, Enid, Kingfisher, Elreno,* Chickasha,*

Oklahoma City,* and Tulsa,* Okla. Sporotrichum (jlohuliferum

was found in every locality except those marked wdtli an asterisk.

The fungus covered bodies of the dead bugs were usually found lying

upon the sui-face of the ground in wheat fields and in every case

these were old migrant bugs, precisely as found in Sumner County,

Kans. The seven localities where no Sporotrichum was found were

all on the extreme outer edge of the infested area where there were

veiy few bugs present. In every one of these seven localities the

soil was very sandy, apparently not retaining moisture necessary

for the development of the fungus.

Artificial introduction.—The fungus Sporotrichum glohuliferum

was already so abundant among the bugs in Sumner County during

the summer of 1910 that no attempt was made upon the parti of the

authors to introduce it artificially. It seemed useless, since the

amount already present so far exceeded any amount which could be

introduced. However, a number of farmers anxious to try this
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secured some S})orotnchum from outside sources and intioduced it

into their fields. These attempts wei'e made independently and, as

far as could be learned, no satisfactory results followed.

In the neighboring counties of Harper and Cowley, Kans., and
Kay County, Okla., farmers united in spreading the fungus over their

fields, after havmg grown plenty of it in boxes on their farms. This

experiment was tried very thoroughly and on a very large scale in

Cowley County, Kans., where the farmers secured the fungus fi'om

boxes of climch bugs at two central stations, and after having grown
more of the fungus in boxes on their own farms spread the whole
over their fields where the bugs were thickest. The distributing

pomts were Arkansas City and Winfield, Kans., and about 700 farmers

secured fungus from the two boxes at these points. This was done
in early June, and was followed by rainy weather just after the fun-

gus was placed in the fields. The precipitation record at Wellmgton
showed an. aggregate rainfall of 0.82 inch on June 6, 7, 8, 10, and 11.

When Cowley County was visited on June 21 it had been dry for a

week precedmg. The central distributing points were visited, and it

was learned that a large quantity of Sporotrichum glohuliferum had
been distributed from these boxes. No satisfactory results were

reported to the central station. Many of the farmers were inter-

viewed, and in almost every instance the lack of success was attrib-

uted to the dry weather, which prevailed between June 12 and 21.

In some localities every farmer had used some of the fungus. Upon
visiting the exact spots where the fungus had been placed in the

fields many bugs were found covered with white fungus; however,

the fungus was as easily located in places remote from any artificial

unportation. The fungus was always put out in places where the

chinch bugs were massed together. In consequence of this massing

more fungus would normally occur in these places than elsewhere,

regardless of the source of infection. The damage caused by the

chinch bugs was fully as great where the fungus was introduced as it

was in places remote from these, and also fully as great ui this locality

as it was in Sumner County, where no fungus had been introduced.

The parties who carried on this experiment were so united in their

work, and extended it over such a wide area, that it constitutes one

of the most satisfactory field experiments ever carried out with this

fungus. From the results obtained we arrive a step nearer the actual

position this method should occupy. There can be hardly a doubt
that Sporotrichum was present before the experiment was tried, and
that, too, in sufficient quantity to inoculate the healthy bugs. Since

this failed to hold the bugs in check, no artificial introduction could

accomplish what nature failed in doing.

S})orotrichum has appeared during the past three years in this

part of the Southwest, and has not been effective as 'a natural enemy,
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occurring chiefly among the okl spent and therefore practicaUy

harmless bugs of the hibernating brood, they having already per-

formed their mission of depositing their eggs. Since the fungus is

so dependent on meteorological conditions, it can not be depended

upon to exterminate the chinch bugs in this region. Farmers can

accomplish a great deal more hj employing methods more under

their control.

OFFICE STUDIES IN W ASHIN(iTON, D. C.

The following experiments were conducted at Wasliington, D. C, by
the junior author who did the work on a table in an office room with

no facilities for more elaborate experimentation. He entered into

the investigation with a view of determining if the growth of tliis

fimgus is confined to the dead bodies of the chinch bugs and other

insects, as the preceding field observations had, in most cases, borne

out tliis supposition. These experiments led to a further study of the

behavior of this fungus among living chinch bugs, and the nvsults are

here presented, in the hope that a better and more clear understanding

may be had of what was observed to occur in the fields.

In these experiments the author is greatly indebted to Prof. F. M.
Webster, of tliis bureau, under whose direction the work was done.

Also to Dr. Flora W. Patterson, mycologist. Bureau of Plant Industry,

for her valual)le suggestions and kindness in determining the fungus.

SporotricJmm glohuliferum was secured for these ex})eriments by
placing under a bell jar, on blotting paper kept constantly moist,

dead bugs taken at Wellington, Kans., from beneath leaf slieaths of

cornstalks, where they had died the previous autumn. The fungus

was also secured by placing on moist blotting paper dead bugs col-

lected in clumj)s of Aiidropogon scoparivs, where the adults were

hibernating but among which no fungus was observed. From 2 to 4

of all the dead bugs so treated became covered with the white fungus

(fig. 15). The fungus was o})tained also from live bugs collected from

these same stools of Andropogon, confining the bugs in small cages of

wheat kept w ell moistened. Some of these bugs died in the cages and

on their bodies, lying upon the soil, the fungus appeared and was first

observed eight days after the live bugs were placed in the cages.

During the spring of 1909, in the laboratory at Wellington, Kans.,

the senior author confined, on potted, growing wheat plants, numbers
of living chinch bugs which were collected from tufts of Andropogon

scoparius. The fungus appeared on several of the bugs which had

died and were in the soil. He also obtained the fungus on adult dead

cliinch })ugs collected from the to])s of wheat blades and put on potted

wiieat plants. In these experiments the soil had been previously

sprayed with a weak solution of corrosive sublimate for the j)urpose

of kilhng any fungus spores that might have been present in the soil
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in these catjes, thus eHiiiiuatiui:: that source of infection. This indi-

cates that the spores of the funi:;us were ])resent on tlie bodies of the

livint:; l)u^s and were only awaiting favorable conditions for germi-

nation and abundant growth. In all such cage experiments the fungus

appeared only on the bodies of the chinch bugs that had died in the

cages and were lying on the soil.

In the experiments at Washington, D. C, it was desired to obtain

a better knowledge of tliis fungus and its relation to dead bugs, in

order to ascertain to what extent, if any, it will grow saprophytically

upon their dead bodies. Also to observe the rate of mortality among
live chinch bugs, placed in cages and artificially inoculated, as com-
pared with those under sim-

ilar cage conditions not so

inoculated. In the artifi-

cial inoculation, the fungus

was ap]:)lied by thoroughly

dusting the bugs with the

spores of the fungus by
means of a small brush, or

in other cases by shaking

them about in a vial con-

taining the fungus-covered

cliinch bugs.

Experiments with
DEAD CHINCH BUGS.—To
determine whether or not

SporotricJivm glohnliferum would make its entire growth u})on the

dead bodies of cliinch bugs, a large number of live bugs, collected

from tufts of Andropogon scoparivs, and wliich died while confined in

a vial, were inoculated artificially and their bodies placed on moist
blotting paper. The results of these artificial inoculations compared
with their checks are here given.

Fig. 15.—The chinch bu^: Adults covered with "white
fungus" ( Sporntrichum glnhuJi/ernm). Enlarged. (Origi-

nal.)

Inoculation experlinents vith dead hugs.
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From this tablo it is seen that Avhile the ehcck cages gave but 1.45

per cent develoi)ing the fungus, this percentage was raised to 14.28

when the bugs were artificially inoculated.

Some live and a])parently healthy bugs were then killed mechan-

ically by piercing them with a sharp needle, their bodies then being

inoculated with the fungus and placed on moist blotting ])a])er.

Inoculation experiments irith bugs killed mechanicaUy.

Artificially inoculated.



CHINCH BUG WEST OF MTSSTSSTPPT KTVEK. 49

those cages the hviiiii; climcli bugs were ])hice(l and cheeseclolli

stretclied over tlu^ top to ])jevent their esca])e. All of tlie cages were

kept on a table in the olhce, which was heatetl day and night, and were

kept well moistened to promote the rapid development of the fungus.

The live chinch bugs which had been dusted with the spores of the

finigus were then placed in these cages and the results compared with

check cages into which were placed live chinch bugs not previously

inoculated. Most of the bugs were pro\dded with plenty of food.

Some, however, were |)laced in a cage containing no food to see if the

rate of mortality and appearance of the fungus were to any extent

dependent upon the food supply. These experiments are here given,

with a record of each cage and its check.

Experiments ivith living chinch bugs.

CAGES CONTAINING PLENTY OF FOOD.

Cage
No.

82
83
90
89
93
92
108
108o

Number
bugs
used.

Treat ment given.

Number
of days

experiment
continued.

Inoculated
Check
After 14 days transferred from ti2a to (.3a

Taken from 62o and inoculated ._

'

Taken from fi3a and placed in cage free froiir
j

fungus.
Inoculated
Check
...do
...do

.do

.do.

.do

.do.

Nilmber
of bugs
which
died.

Number
upon which

visible
fungus

appeared.

CAGES CONTAINING NO FOOD.
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most rapid development of the I'uiigus appeared in cages where the

bugs had Httle or no food. In the stock cages only a very small

supply of the fungus could be secured until the food was removed,

when it soon appeared abundantly upon their dead bodies lying on

the soil.

Conclusions.—From these experiments it is apparent that Spow-
trichum glohulijerum will to a certain extent develop entirely upon the

dead bodies of adult chinch bugs. However, the fungus was easily

secured in the cages containing living bugs artificially inoculated,

particularly when the bugs in these cages were given insufficient food

supply.

The indications were also tiiat tliis fungus is communical)le to

living chinch ])ugs, but is evidently not veiy effective in causing their

death luiless the l)ugs ])ossess weakened vitality. This being tlio

case, it would be most effective in nature against old spent adults

which have laid their eggs and are comparatively harmless, and it is

upon tliese bugs that the fungus always appeared in greatest abun-

dance, as borne out by field observations during the past three years.

For this reason, as well as its dependence upon favorable weather

conditions, its j)ractical efficiency is very questionable; and since it is

unable under favorable conditions of moisture and temjierature to

rapidly exterminate healtky bugs confined in a cage in the laboratory,

little dependence can be put upon it to l)e used against the insects in

the field when favorable moisture conditions are so apt to be lacking.

SUMMARY.

Injuries due to tlie cliinch bug west of the Mississippi River are

chiefly confined to the vStates east of the Ilocky Ah)untains where

wheat and corn are extensively grown, the most serious outbreaks

during 1909 and 1910 occurring in southern Kansas and northern

Oklahoma.

There are two generations eacli year, one during the spring, which

attacks the wheat and corn, and one during the simimer, wliicli develops

on the corn and hibernates. These last pass the winter as adults, and

in the States west of the Mississippi Kiver j)refer for hibernation the

dense clumps of red sedge grass in which tliey collect in the fall.

Very few survive the winter in fallen ears or stalks of corn durmg

severe cold winters, but may survive a mild winter. They fly from

the sedge grass to fields of wheat during the first warm days of spring,

where the eggs are deposited, and the young hatching therefrom feed

with the adults upon the wheat until it has ripened, when they all

march in a body to the nearest cornfield. The young become mature

on the corn and lay eggs from which hatch the bugs that winter over

as above stated. Weather conditions liave much to <lo with the
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lumihers that reach luaturity, niany young l)cing killed during a

period of wet weather attended by hard dashing rains. Dry weather

is mos*^ favorable to tlieu* development in abimdance. The injuiy to

wheat and corn is often severe, sometimes resulting in almost com-

})lete destruction of the latter crop after serious injury to the former.

During the severe winter of 1909 and 1910 about 20 per cent

of the bugs died normally in the clumps of red sedge grass, where they

hil)ernate.

Experiments in Kansas made during the winter of 1909-10 showed

that as liigh as 75 per cent of the liibernating cliinch bugs could be

killed by burning tliis grass. The best time to burn is in the fall, when
the grass is as dry as possible. It is not necessary that the flame come
in actual contact \\ith the bugs.

The effectiveness of the burning is almost entirely dependent

upon the cooperation of the farmers in infested localities. Neglect

to destroy chinch bugs collected in these grasses will often result in

serious injury, if not indeed a complete destruction of wheat, corn,

cane, and kafii'.

Next to burning, the dust and coal-tar barriers are the most

effective remedies, and should be used wliile the bugs are migrating

from wheat to corn. These barriers must be properly made, and

demand constant attention to be of any value.

Many bugs can be killed while massed on the first rows of corn

b}' applying a torch or spraA'ing with kerosene emulsion or proprietary

spraying materials.

Plowing imdor infested crops is not recommended imless the work
is done very thorouglil}" and followed by a crop not susceptible to

chinch-bug attack.

Barriers made of piles of green corn are of no value, and are not

recommended.
The "white fungus," can not be depended upon to exterminate the

cliinch bugs. Tliis fimgus is very dependent upon moist weather

concUtions for its rapid development and diffusion. It can usually

be secured by collecting live or dead chinch bugs from the sedge

gr'ass, and placing them imder proper conditions of temperature

and moisture. Tliis fungus has many host insects, and is generally

present where cliinch bugs are found in destructive numbers.

Laboratory experiments show that this fungus is present in greatest

abundance among old spent adults, or those bugs that are in a

weakened condition. Also that it will grow upon dead bugs. Tliis

w411 partially accoimt for the fact that the time of its greatest abun-

dance in the fields occurs after the hibernating bugs have laid their

eggs and are dying normally. These bugs have performed their mis-

sion of laying eggs, and are comparatively harmless.
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Many l)Ui^s lived for weeks, and even iiiouths, in conliiiement in the

presence of the fungus under conditions favorable for its develop-

ment.

Attempts at artificial introductions of the fungus in the fields

have so frequently resulted in complete failures that this method is

not recommended. Vastly more may be acc()inj)lished by aj)[)lying

the same amount of time and labor to the application of practical,

successful remedies.

o
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PAPERS ON CEREAL AND FORAGE INSECTS.

THE SO-CALLED "CURLEW BUG."

(Sphenophoms callosus Oliv.)

By F. M. Webster,

In Charge of Cereal and Forage Insect Investigations.

INTRODTTCTION.

The so-called ''curlew bug" {SpJienophorus callosus Oliv.) (fig. 16) is

allied to the maize billbug, Sphenophorus maidis Chittn., the subject of

Part II of this bulletin. It is commonly known in the Carolinas as the

curlewbug, sometimes as the ' 'klew" or "clewbug," and the ' 'kloobug/'

all probably contractions of "curlew bug." The curlew is a shore

bird, having a long, curved bill, while

the insect, Sphenophorus callosus, which

is provided with a long, curved snout, is

found plentifully under rubbish along

the shores of sounds and rivers, especially

those of North Carolina. Intelligent

fisheirmen, who are familiar with it, claim

that it is often found clinging to their

fish nets spread in Albemarle Sound.

The information herein given, in so

far as it is original, has been accumulat-

ing for a number of years, some of the

facts having been taken from the general

correspondence of the bureau and others

from the results of more or less frag-

mentary and more recent studies by

several assistants engaged in the investi-

gations of cereal and forage insects.

While not complete in all of the scientific

details, so much of this information is of economic value to the farmer,

pointing out to him a practical method of prevention, and will also

prove of assistance to station and State entomologists who may desire

to study the pest in their own States, that it seems an injustice to

withhold publication longer with the object of securing details of

53

Fig. 16.—The "curlew bug" {Spheno-

phorus callosux): Adult. Four times

natural size. (Original.)
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perhaps minor importance. The species was studied to some extent

in Illinois several years ago by Dr. S. A. Forbes, State entomologist

of Illinois, and his assistants, the results obtained by him being

published later by Dr. Forbes under the name Sphenophoms cofiosus

Oliv. Information from that source is also embodied herein.

The author does not himself assume credit or responsibility, exce])t

where indicated in the text. Where so many individual investigators

have contributed results of observations and studies, it becomes the

duty of some one to act as spokesman and put the matter in sha]ie for

publication, and this duty the author has endeavored to fulfill.

In his paper relating to this and other species of the genus Dr.

F. H. Chittenden,^ of the Bureau of Entomology, came to the con-

clusion that 8. sculptilis Horn is a synonym of S. callosus and that

S. sculptilis Uhler is a synonym of S. cariosus Oliv. ; also that in many
cases specimens received by him showed that references to either of

these three species'related properly to S. callosus. It is upon these

conclusions that many of the facts herein given are based.

HISTORY OF THE SPECIES.

The insect was first described by 01i\der in 1807, from ''Carolina,"

as Calandra callosa.^ This locality, now somewhat vague, will, as

shown in figure 17, apply almost equally well to both this species and

S. maidis.

While it does not seem possible that this particular species of

insect could have existed all of these 3'ears in that section of the

country—one of the eai-liest settled, and therefore one of the first

to be brought under cultivation—without doing injury to corn and

rice, yet as a matter of fact over half a century did elapse before proof

of its ravages, accompanied by specimens of the beetles, were in the

possession of the Department of Agriculture.

BUREAU NOTES.

June 1, 1880, specimens of the beetle were received from ^Ir. E. T.

Stackhouse, of Marion, S. C, who accused them of damaging young

growing corn in his neighborhood.

May 27, 1884, a report was received from Prof. J. A. Holmes, of

Chapel HiU, N. C, that this species was injurious to corn near Bay-

boro, N. C, where it is known as "kaloo bug"; also that the belief was

prevalent there that the ''insect wintere in the rice stubble."

This species, specimens of which were kindly loaned Dr. Chittenden

for identification by Messrs. Forbes and Hart, is recorded in the pub-

lished notes of the State entomologist of Illinois as injuring corn at

1 Proc. Ent. Soc. Wash., vol. 7, No. 4, pp. lOG-182, 190G.

» llist. Nat. des Ins., vol. .i, p. 92, pi. 27, flg. 41C, 1807.
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Pittsfield, S. C, June 4, 1888. The beetles when received were ovi-

positing in the box in which they were sent. The species was also

found attacking young corn May 1, 1891, the beetle gnawing a large

cavity in the stalk just below the ground. '

' When placed in a breeding

cage the beetle made its way into the seed kernel of the stalk."

Brief mention has already been made of its occurrence in Illinois

by Dr. Forbes in different papers.^ It is obvious, as determined by
Chittenden, that this entire account of SphenopJiorus cariosus refers

in reality to callosus. The illustration given in the publication first

cited is of the latter species^ as is also the description, and it should be

further stated that the occurrence of S. cariosus in Illinois is doubtful.

June 10, 1889, Prof. A. J. Cook also reported injury to corn in

North Carolma, though the source of his information is not clear.

July 20, 1893, Mr. S. L. Willard, Wasliington, N. C, wrote that this

billbug, called "curlew bug" in that vicmity, was doing consid-

erable damage to the corn crop. Rice also was injured, and it was
stated that the insects had been noticed at least 8 years (or since

1886) in that neighborhood. The beetles were also operating in.

chufa (Cyperus esculentus), and some farmers had abandoned rice

growing on account of the ravages of this pest.

July 8, 1895, we received word from ^Ir. B. A. Hallett, Mount
Olive, N. C, that this species had completely destroyed the upland

rice crop of that section and had greatly injured corn.

During July and August, 1895, ]VIr. A. N. Caudell reported injury

to chufa or yellow nut-grass {Cyperus esculentus) at Stillwater, Okla.,

and August 24 sent pupge.

May 11, 1896, we received report from ^Mr. R. J. Reddmg, Experi-

ment Station, Ga., that this species was attacking fields of young corn

in Jefferson County, Ga., by thousands.

May 22, 1897, ^Ir. Charles B. Guinn reported injury to fields of

green corn at Georgia City, Mo.

August, 1898, Dr. Chittenden found, in low bottom-land on the

banks of the canal at Glen Echo, Md., the pupa of this species at the

roots of witch grass or tumbleweed (Panicum capillare). Transfor-

mation to imago took place on the 22cl.

May 30, 1899, ^Mr. Edward Markham, jr., Kehukee, Pasquotank
County, N. C, wrote that this species had made its appearance in

that region, had spread rapidly, and that it was doing so much damage
to corn that some crops were being abandoned. It was considered

the worst pest of that vicinity—worse than all others combined. It

was known localh^ as the "clue bug," a contraction of curlew bug.

Beetles were received from this source as late as July 8.

J 16th Rept. St. Ent. II!., f. 1SS7 and 1888, pp. 04, 68, 71, 1890. 22(1 Kept. St. Ent. 111., f. 1903, pp. 1&-21.

Bui. 79, Univ. 111. Agr. Exp. Sta., p. 453, 1902.
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August 3, of the same year, Mr. James K. Metcalfe, Silver City,

N. Mex., reported beetles as well as larvae in stalks of corn growing

near the Gila River in that vichiity. It was reported that the beetles

deposited their eggs m the stalks near the ground; that the grubs ate

all the lower part of the stalk and soon destroyed the plant. The

beetles destroj^ed entire fields of corn, working in the usual manner.

August 6, 1900, Mr. G. L. Swindell, Swindell, Hyde County, N. C,

reported that this beetle and its larva were injurious to rice—the

larva by feeding on the roots and the beetles by attacking the stalks

near the ground. The damage done by the beetle to corn in Hyde,

Pamlico, Beaufort, and Tyrrell counties could hardly be estimated.

In some years it amounted to almost total destruction and was notice-

ably worse near old rice patches. August 20 this bureau received

crowns and roots of the infested rice, as well as larvae and beetles.

In nearl}'^ every case there was a cavity in the crown just above the

roots, containing the lai'va and its castings.

During 1901 this species was reported by Mr. Franklin Sherman, jr.,

Raleigh, N. C, as the cause of general complaint in the eastern part

of North Carolina of "billbugs," "klewbugs," ''curlew bugs," etc.

The species was identified from Elizabeth City and Goldsboro, N. C.

Injury was not noticed in the western part of the State. April 23 a

report was received from ]\Ir. Robert T. Smith, Grant, Fla., of this

species attacking corn, being most troublesome in early March, and

infesting the young stalks just below the center, in such a manner

that the central leaf often comes out entirely.

Prof. Franklin Sherman, jr.,^ has given an account of this species

with accompanying reports of its injuries to corn in 1902 and 1904 in

low, swampy lands in the eastern sections of North Carolina. Injury

was also reported by ^Mi*. Sherman in portions of Bladen, Cumberland,

Duplin, ^loore, and Brunsmck counties.

During June and July, 1904, ^Ir. Thomas J. Clark, Cliff, Grant

County, N. Mex., reported billbug damage, and July 27 sent larvae

and imago of this species wdth the statement that the beetles began

operations on young corn as soon as it came up ; that they deposited

their eggs in the roots; that the larvae continued feeding in the stalk,

and that after the corn began to tassel it would fall over and blight.

The stalks, however, seldom developed to that extent before they

were killed. lie stated that cutworms were nothing to compare with

them in their attacks on corn; also that the species was believed to

be native to oltl Mexico and that it had been seen in that vicinity

seven or eight years earlier.

June 26, 1906, information was received from Mr. F. B. Hopkins,

in charge of the testing gardens at the Arlmgton Farms, Va., of injury

» "Insect Enemies of Com," Bui. N. C. Dept. Agr., 1903, pp. 19-22.
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by the beetle of this species to chufa. The larva was at this time

operating in the crown of the plant at the base of the leaves. It was

observed that the insect was capable of doing considerable damage

even at this early date, as crowns were then found completely honey-

combed. On Jmie 28 Mr. I. J. Condit, detailed by Dr. F. H. Chittenden,

in charge of Truck Crop and Stored Product Insect Investigations for

the purpose of obtammg material, visited the infested locality and ob-

tamed numerous specimens of hibernated beetles and larvse. It was

then estmiated that the damage would amount to about 20 per cent of

the crop. June 30 a larva was found nearly grown. Eggs were

also obtained at that time and until the end of the first week of

August. Search was made for the natural food of the insects, and

this was found in Frank's sedge {Carex frankii).

May 22, 1907, Mr. R. I. Smith sent this species from Atlanta, Ga.,

with the statement that these billbugs were reported as quite abun-

dant and doing great damage to corn at Statesboro, Ga. They had

been present at the date of that writing for about three weeks.

DISTRIBUTION.

As will be observed by consultmg the accompanymg map (fig. 17)

this species covers a Avider range than SpJienopliorus maidis. It seems

to center in point of abundance in eastern North Carolina, extend-

N > V--T— '. y
; V -L • • •'• ''"C-'A^ (V'2

,-1 *»• |o /» f.

\-'-\ *""*"t- v"-- , ..

Fig. 17.—Map showing distribution of tlie "curlew bug" (Sphcnup/wrus callasits) and liio maize
billbug {Spltenophor us maidis). (Original.)

ing southward to southern Florida, northward to Maryland, thence

northwest to northwestern Illmois, southwest to extreme south-

eastern Arizona and northern Mexico, and eastward to the Gulf

coast.

24091°—Bull. 95, pt 4—12 2
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It is essentially a lowland form, as its food plants clearly indicate,

and will therefore especially interest the farmer whose fields are of

bottom, swamp, or other low-lymg lands.

The folljowmg are the localities from which the species has been

received

:

Arizona: Tucson (Wickham), near Duncan (Cockerell). Arkansas: Helena (L. E.

Howard). Florida: McLelian (W. H. Gill), Grant (Robt. T. Smith). Georgia:

Jefferson County (R.. J. Redding), Statesboro (R. I. Smith). Illinois: From Pekin

to Cairo, Savanna, Urbana, Metropolis (Forbes), Warsaw (Dr. Shafer), Rock Island

(Det. Chittenden). Indiana: Lake, Vigo, Posey, Perry, Putnam, and Blackford

counties (W. S. Blatchley). Kansas: Great Bend, Arkansas City (T. H. Parks),

Wellington (Kelly and Parks), Douglas County (Det. Chittenden). Kentucky: Oppo-

site Cairo, 111. (Forbes). Louisiana: New Orleans (H. Soltau). i/an/Zand; Glen Echo

(Det. Chittenden). Mississippi: Gulf View (Det. Chittenden). Missouri: Georgia

(Chas. B. Guinn), Atoka (Det. Chittenden). New Mexico: Cliff (T. J. Clark), Silver

City (Jas. K. Metcalfe). North Carolina: Edenton (J. W. Mason), Elizabeth City

(J. P. Overman), Hertford (W. T. Shannonhouse, Mrs. S. D. Jordan), Pineview (W.

liamett), Pyreway (Maj. Gore), Bayboro, Chapel Hill (J. A. Holmes), Washington

(S. L. Willard), Mount Olive (B. A. Hallett), Kehukee (Edw. Markham), West Raleigh,

Proctorville, Braswell (R. I. Smith), and Hyde, Pamlico, Beaufort, and Tyrrell

coimties; Swindell (G. L. Swindell), Bladen, Cumberland, Duplin, Moore, and Bruns-

wick counties (Franklin Sherman). Ohio: Cincinnati and vicinity (Chas. Dury).

Oklahoma: Stillwater (A. N. Caudell, C. E. Sanborn), Duncan, Anadarko, Pocasset,

Hastings, Cement, Rush Springs, and Chickasha (A. L. Lovett), Dimcan, Chickasha

(T. D. Urbahns), Marlow (J. F. Davidson), Oklahoma City (T. H. Parks). South

Carolina: Marion (E. T. Stackhouse), Pittsfield (For^bes and Hart), Rimini (C. R. F.

Baker). Tennessee: Appleton (P. Cox, Geo. G. Ainslie), ]\Iemphis (H. Soltau).

Texas: \^Tiitesboro (E. 0. G. Kelly), Wallisville (W. L. McAtee), Alligator Head

(J. D. Mitchell). Virginia: Xorfolk (Popenoe), Arlington (F. B. Hopkins). Mexico:

(Prof. Herrera).

FOOD PLANTS.

Dr. Forbes gives Cyperus strigosus as the natural food plant, in

the roots of which it develops in Illinois. Mr. T. D. Urbalms found

it developing m Tripsacum dactyloides at Piano, Tex., m July, 1909.

At Appleton, Tenn., July 14, 1911, Mr. Geo. G. Ainslie found the

infested fields in part gro\vn up mth weeds and a swamp Carex {C.

vulpinoidea), but he was unable to find the beetle actually develop-

mg therem. (See PL IX, figs. 1, 2.) Mr. A. N. Caudell reported the

larvae injuring the roots of yellow nut grass {Cyperus esculentus) at

Stillwater, Okla., in 1895. Dr. Cliittenden reared the adult from a

pupa found in the roots of Panicum capiUare growmg in low bottom

lands along the canal near Glen Echo, Md., in August, 1897. Mr.

I. J. Condit found it breeding in Frank's sedge {Carex fmnkii) grow-

ing on the department farm at Arlington, Va. In Florida the insect

develops from egg to adult in Cyperus rotundatus, while farther north,

in the Carohnas, the common food plant is the ''chufa" {Cyperus

esculentus). To such a degree is this true in the latter locahty that

the insect is supposed by farmers to have been introduced with that
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plant. Quite in accord mtli the foregoing, Mr. J. G. Sanders reared

adults March 30, and again April 25, 190S, from Cyperus exaltatus,

introduced from Egypt and growing on the department farm at

Arlington, Va.

The cultivated food plants are coin, lico, and peanuts, in impor-

tance-according to the order given.

DESCRIPTION AND LIFE HISTORY.

THE EGG.

(Fig. 18.)

The egg appears to have been first observed b}'" Mr. A. N. Caudell,

who noted the female ovipositing at Stillwater, Okla., July 18,

1895. The egg was described as white, 1.5 mm. long and half as

wide, oblong-oval in shape. Mr. E. O. G. Kelly, who studied the

species carefully at Wellington,

Kans., found eggs deposited June

17, 1911, to be "white," 1.5 mm.
long, one-third as wide, and ellip-

tical in form.

Dr. Chittenden described the egg

as found at Arlington, Va., as con-

siderably larger, measuring 2.2 to

2.3 mm. m length and only 0.8 to

0.9 mm. in diameter. The outline

is subreniform-elliptical, one side

havmg a tendency to straightness

along the greater portion of its

length. The color is dull, slightly

yellowish white. The suiface is

nearly smooth, with faint reticula-

tion showing in ver}^ Imiited areas.

The variation in size of the egg has

also been observed by Mr. R. I.

Smith, in Xorth Carolina.

Mr. Kelly, m his studies, found eggs from June 16 to September 11,

a period of nearly 3 months. The egg period varied from 4 to 6 days
in June, in July 5, and from 6 to 8 days in September. In one case

58 eggs were secured from one female, and there was a possibility

that she might exceed this number.
Mr. Vernon King and the author found ovipositing adults and

half-grown lan^ffi on Harve3's Xeck, about 15 miles southeast of

Hertford, N. C, on June 20, 1911. This would mdicate that ovi-

position was in progress about June i. Mr. Jas. A. Hyslop, of this

bureau, and Mr. R. I. Smith of the Xorth Carolma A<2:ricultural

Fig. 18.—The '-'curlew bug": Egg as placed in

stem of young com plant. Greatly enlarged.

(Original.)
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Experiment Station, found pupse in the same locality November 4.

If we allow 8 days as the egg period and 37 to 41 days as the larval

period, as determined by Mr. Kelly in Kansas, the eggs, judging from

the records just mentioned, are deposited in North Carolma from

about June 1 to September 20, or during a period of approxknately

4 months. Mr. I. J. Condit found a nearly full-grown larva at

Arlington, Va., June 30, 1906, which comirms in a general way the

preceding observations.

THE LARVA.

(Fig. 19.)

Quite naturally the larva of this species closely resembles that of

SpJtenopJiorus maidis. The principal differences are brought out in

the illustration of S. caUosus. The head (fig. 19,6), is more slender,

especially toward the vertex, the area between the Y sutures is nearly

smooth and quite different in

outline from that of S. maidis

(fig. 19, c) drawn on the same
scale. In this latter species

the space is shallowly sculp-

tured, with the sutures more
sinuate. The larvae of both

species vary greatly iu size,

and it is doubtful if in this

respect they differ materially

from each other.

Mr.Caudeli found the larvae

among the matted roots,

where they form cells and

where they are frequently

seen completely embedded in

thechufa. These they hollow

out, leaving only the hull.

They are sometimes so nu-

merous that frequently as

many as a dozen can be taken in a single bunch of roots.

Mr. I. J. Condit, on October 8, found the lai-vse in chufa at Arlington

Farms, Va., usually from half an inch to an inch below the surface

of the ground. They seemed quite capable of subsisting upon the

dead, perfectly brown, and nearly rotten substance of the leaves,

stems, and crowns of the plant, but they also perforated the roots.

Mr. F. B. Hopkins obsei-ved, on June 20, also at the Arlmgton

Farms, Va., that the larv^as were operatmg m the crown of this same

plant , Carex franJc i i

.

Mr. G. L. Swindell, m a communication dated August 6, 1900,

states that at Swindell, N. C, the laivae mjured the roots of rice by

Fig. 19—a. Larva of the "curlew bug" (Sphenojihorus

caUosus): b, head of same; c, head of larva of the

maize billbug (Sphenophorus maidis). Enlarged.

(Original.)
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feedino^ thereon. Later, roots sent to the bureau by Mr. Swindell

contamcd larvae in both the crowns and roots. In nearly every case

there was a cavity containing a larva in the crown of the plant just

above the roots.

Mr. S. L. Willard, Washmgton, N. C, under date of July 20, 1893,

complained also of injury to rice, stating that the depredations had

been observed in his neighborhood since 1886.

Under date of July, 1895, Mr. B. A. Hallet, of Mount Olive, N. C,
complained that the insect had completely destroyed the upland rice

crop of that section.

In August, 1910, Mr. J. W. Mason, of Edenton, N. C, through

Representative J. II. Small, stated that the" insect had attacked both

corn and peanuts in his neighborhood, killmg corn and seriously

injurmg peanuts.

Mr. R. I. Smith, of the North Carolina Agricultural Experiment
Station, states that where rice is grown this grain appears to be its

favorite food, as the insect is ten times more abundant in rice fields

than in cornfields. The eggs are placed in the corn plant above the

roots, as shovv n in figure 21, h. The larvae work downward, eventually

pupating at the lower end of the root, as shown in figure 21, c.

In nearly all of our records of injuries by this species, attention is

called to the fact that its attacks are upon low or swampy land.

The very nature of its food plants would indicate that the natural

habitat of this species is in low or swampy lands. In a great many
cases such lands are either subject to overflow or the plants are mora
or less submerged in water for considerable periods of time. ^Vhile

the insect is not aquatic, it most certainly is capable of living and
developing on submerged plants without suffering material incon-

venience therefrom. In the cornfields they are often found working

several inches below the surface of soil thoroughly saturated with

"water. Farther on, it will be noted that the adult can also live sub-

merged in water without apparent inconvenience.

INJURIES TO CORN BY LARViE.

While, as will be shown, corn is injured both by adults and larvae,

attacks by the latter are by far the most fatal to the plant. Good
illustrations of a serious attack from a larva of this species are shown
in Plates VI, VII, and VIII, from photographs of a field belonging to

the Messrs. Shannonliouse, on Harveys Neck, N. C, along the shore of

Albemarle Sound. Wliile it is probably true that the insect is much
more abundant in rice fields, it must be borne in mind that the area

of rice culture is very small compared with that of corn. Wliile

local injuries to rice may be very severe, nevertheless the greatest

losses from attacks of this msect most certainly fall upon corn grow-

ers, especially those whose fields are on low or bottom lands. As
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illustrating this point, as well as the severity of attack, Mr. Swindell,

who has been previoush^ quoted, stated that in some years the loss

amounted to almost total destruction. Mr. R. I. Smith, under
date of May 22, 1907, stated that the species was doing great damage
to corn at Statesboro, Ga. Under date of May 30, 1899, Mr. Edward
Markliam, Kehukee, N. C, complained that the insect was doing so

much damage to corn in his neighborhood that in some instances the

crop was being abandoned. In his estimation it was the worst insect

pest observed in his community. Under date of August 3, of the same
year, Mr. James K. Metcalf, Silver Cit}^, N. Mex., complained that

the insects were destro3'ing entire fields of corn, working in this same
manner. At Arkansas City, Kans., June 22, 1910, Mr. T. H. Parks,

of this bureau, found the species exceedingly abundant in fields of

young corn growing along the Arkansas River. Mr. T. J. Clark, sr.,

of Cliff, N. Mex., under date of June 25, 1904, states that the

larvae are more destructive than cutworms. In his opinion the

species is a native of old Mexico and had not been observed in his

locality until about eight 3-ears previous. Mr. T. D. Urbahns, of

this bureau, found that corn about Duncan, Okla., during June 18

and 19, 1909, had suffered very severely. In one case about 20

acres of lowland in the heart of a large field had been entirel}^ destroyed.

It had been replanted, but the second planting was also badly dam-
aged. In another field an area, also of about 20 acres, in the heart

of a still larger field had been completely destroyed. This land was
wet and had been flooded during the previous summer. In a field

near Comanche, Okla., consisting of about 100 acres of bottom land,

ISlv. Urbahns found that the crop had been very severely damaged,
some of it having been twice replanted. This land had also been

flooded the previous year. A field of about 60 acres in this same
neighborhood, examined June 19, had been entirely destroyed. At
Great Bend, Kans., July 7, 1910, Mr. Parks found that a field of 6

acres of corn had been damaged about 20 per cent by these insects.

Under date of May 17, 1909, Mr. J. F. Davidson, of Marlow, Okla.,

complained that the insect had completely destro3^cd 100 acres of

young corn on his farm. Some of this ground had been replanted a

third time, with discouraging prospects of his being able to secure a

crop of corn. lie further states:

My land is all bottom and valley and adjacent to Little Beaver Creek, a stream 50
feet wide. The heavy floods of last spring caused this creek to overflow its banks and
the water spread out over all the bottom land, inundating thousands of acres and
destroying the growing crops; 40 acres of my land was thus under water seven different

times. I assume the result is the billbug and its depredations this spring on all bot-

tom lands, which are the best corn lands in this section of Oklahoma. Thousands of

acres have already been completely destroyed by this pest, and farmers are now busy
replanting, \vith slight hojjes of seciu-ing a stand that will justify cultivation.

The larva on first hatching is, of course, very small, although, as the

eggs increase in size after being deposited in the plants, the size of

the larva will considerably exceed that of the newly deposited egg.
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It burrows its way downward through the center of the lower stem

into the main root or taproot and, unless this is entirely eaten away,

probably finishes its development there. Although we have not

observed it, it seems quite likely that under certain conditions it may
transform to the pupa in the earth outside of the plant.

Studies carried out by Mr. Kelly at Wellington, Kans., have shown
that the larval stage may occupy from 37 to 41 days—the latter

period in most of his experiences.

THE PUPA.

(Fig. 20.)

Pupation in the crowns of chufa takes place normally in cocoons

formed of dried castings, but in cases where the crowns have been

much eaten away, the larva before transforming evidently falls out

and pupates in the earth nearby, generally withm an inch or less of

the crown. In the earth a cell is made by the

larva, which turns round and round, thus forming

quite a distinct earthen cocoon. In one instance

noted by Mi*. Caudell, a pupal case or cocoon was
found on chufa about 2 inches above the ground,

indicating that the larva had floated to the surface

of the water, the plants being submerged at the

time.

In corn plants pupation takes place in the larval

chambers as shown in figure 2 1 , c.

A larva noted by Chittenden transformed to pupa
August 22, and the beetles issued September 1, the

period of the pupal stage having been about 9^
days. As tlie weather during this time was con-

siderably over 80° F., and quite humid, 9 daj'-s is

probably the minimum pupal period for this species.

Of a number reared by Mr. Kelly at Wellington, Kans., during
August, 1910, one pupated in 9 days, while three others pupated in

13 da\s.

THE ADULT.

{Fig. 16.)

This species was first described bv Olivier in 1807.' In his paper
entitled ''New species of Sphenophorus with notes on described

forms," 2 Dr. Chittenden has fully discussed this species as follows:

This species was united by LeConte ^ and Horn ^vith cariosus 01., but vtrongly so, as

I shall attempt to prove. Olivier's description reads in substance as follows:

Body black with dark cinereous coating. Antennae brownish black, shining,
cinereous at apex. Rostrum black, dark cinereous at base. Thorax uneven, ''and

1 Calandra callosa Olivier, Hist. Nat. des Ins., vol. 5, p. 92, pi. 28, fig. 416, 1807.

2 Proc. Ent. Soc. Wash., vol. 7, No. 4, pp. 176-177, Mar. 9, 1906.

8 Rhynch. N. A., p. 42-5.

Fig. 20.—The '-curlew

bug:" Pupa. Greatly

enlarged. (Original.)
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one sees on the superior portion an elevation iu the form of a croso, feebly marked."

Elytra uneven, feebly variolate, marked toward the apex with a callous point, nearly

spinose, blackish, shining.

Olivier's illustration is imperfect in that it is very crude, showing neither punctu-

ation nor sculpture and the general impression is that of a shining species, which was

certainly not intended. The thorax is a little short, otherwise the form coincides

with the species which is figured herewith.

The cinereous base of the rostrum is an important character, as it signifies that a

considerable portion of the base is coated while in cariosus it is not. The cross-like

elevation of the thoracic disc is aptly described as feebly indicated, in fact it lequires

a little imagination to discern it in many individuals; moreover, it is not shown in

Olivier's figure.

Among coleoptcrists in general tlie adults of this species are sup-

posed to be covered by a coating, consequent upon the beetles com-

ing in contact with the soil. This supposition is most certainly

erroneous, as adults secured by Dr. Chittenden from cocoons and

by others of the bureau from the chambers in the roots of corn before

they had come in contact wath anything excepting the debris v/ith

wliich the chambers are more or less filled, are found to possess this

coating.

Specimens secured by Dr. Chittenden are of a rich bro\\-n color

witli velvety surface. It is only wlien the beetles become somewhat

abraded and this coatmg worn off of the elevations and the shoulders

and near the tip of the elytra that the callouses are formed, a character

upon which the specific named is based. Stricth' spealdng, the per-

fect insect has not been described, and it does not become ^'caUosus'*

until the insect has moved about and rubbed these pomts bare.

The adults evidently hibernate to some extent in corn in the cham-

ber in which they have developed, but seemingly lower down tlian

in the case of SpJicnoiiliOi'us niaidis. (See fig. 21 , c.) They were found

very sparingly, by Mr. James A. Hyslop of this bureau and by Mr.

R. I. Smith, of the North Carolina Agricultural Experiment Station,

occupying this position in the cornfields of Ilarveys Neck, previously

mentioned, on November 1, 1911. The numbers found, however,

w^ere far too limited to indicate that this can be true of even the

majority, the others probably wintering over either in or near the

surface of the ground. This was in the same field where Mr. .Walton

hail fruitlessly searched for them on September 5 and 6.

When we come to take into consideration the fact that the natural

coating wdth which the adults are covered is almost exactly the color

of the soil, with which it is, indeed, more or less begrimed, and that

the insects on being disturbed will draw up their legs and remain as

quiet as if dead, it will be seen that it is exceedingly difficult to detect

their presence in or on the surface of the ground, even by an expert

who knows exactly for what he is searching. Therefore that careful

search sliould not happen to reveal their presence is not especially to

the discredit of those who are engaged in trying to find them.
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As will be observed, this method of liibernation is of the greatest

importance from an economic standpoint, because hibernation in the

lower stalk or roots would bring the inhabitants within reach by pull-

ing up and burning these stalks during the winter or early spring.

For data on the larger corn stalk-borer see Circular No. 116 of the

Bureau of Entomol-

ogy, entitled " The
Larger Corn Stalk-

Borer."

The beetles prob-

ably come forth from

their hibernation
quarters quite early in

spring, as soon as the

ground has become
permanently warm
from the spring tem-

perature. Mr. Kell}'

found them under

cornstalks of the pre-

vious year at Wliites-

boro, Tex., April 13,

1910. They evidently

feed for a considerable

time b}^ puncturing

the lower part of the

stems of the plants.

These punctures are

quite different from

the egg punctures,

and the effect is often

not so fatal as that oc-

casioned b}'' the down-
ward burrow ing of the
larva. These punc-

tures are usuallymade
about or a little below

the surface of the

ground, the beetle evidently searching for a point where the stem is

tender and succulent.

If the punctures are made lower down on the plant, just above the

root, the result is a throwing up of a number of tillers or suckers

from tlie roots, the main stem itself having a stalky appearance, vnih

the result that no ears are produced. In this respect the effect pro-

duced resembles to a degree that of an attack of the Hessian fly on a

young wheat plant in the fall. This unusual development of tillers

Fig. 21.—The "curlew bug:" a, Corn plant attacked by adult in-

sect; 6, egg as placed in stem of young corn plant, enlarged at

left; c, pupa and adult in root of corn in chamber eaten out by
the larva, slightly reduced. (Original.)
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or suckers has sometimes been vulgarly termed "frenching/' although

it must not be understood that all of the difficulties known as "french-

ing" in corn have been due to the attack of these beetles.

If the puncture made by the beetle for the purpose of securing

food has been made higher up the stem, food has been obtained from

the unfolded leaves above the crown of tlie plant. Wlien these leaves

finally push forth, the puncture made by the beak of the beetle

appears in the shape of transverse rows across the leaves, aS illus-

trated in figure 21, at a. Frequently there will be a distorted growth

on the stem, having much the appearance of galls or excrescences,

as shown also in this figure.

While the damage done by the beetles in feeding is in many cases

doubtless severe—if tlie corn plants are very young at the time of

attack they are probably destroyed in tliis way—generally speaking

the greatest damage is probably caused by the larvae, especially in

the East.

Attention has already been called to the fact that the larvas can

apparently live without difficulty for a considerable length of time

in the stems of plants that are completely covered by water. This

is surprisingly true in the case of the adult insect.

August 4, 1906, Dr. Chittenden collected adults of this species at

Arlington, Ya., and placed them in a jar of water mth a few stalks

of grass and chufa. The beetles attached themselves to these stalks

under water and remained there. Two of the beetles were removed

November 21 of the same year, and although they had been sub-

merged during the entire period they were still ''very much ahve."

Another instance has come to our notice wliich would indicate that

not only can these beetles sui'vive in fresh water, but also in salt

water.

Mr. James Overton, a farmer and fisherman residing on the north

shore of Albemarle Sound, informed the author that this species was

frequently found by him clinging to liis fish nets set in the water of

the Sound, and that he found them abundantly under the debris

fjlong the shore. As Mr. Overton is perfectly familiar with the work

of the insect in tlie cornfields, and was one of the first in his neighbor-

hood to recognize it, there does not appear to be any reasonable

doubt of the correctness of his statement. Indeed, farmers living on

ITarveys Xock are of the opinion that tlio ])est first came to them from

the South, having drifted across the vSound from the opposite shore.

Mr. Overton, who resided on the southern shores of the Sound before

taking uj) his residence on Harveys Neck, states that the insect was

destructively abundant along the southern shore before it was

observed in his present neighborhood. Whether this theory of the

diffusion of the pest is correct or not, there (loos not appear to be any

good reason why the insect might not drift about in the waters of the
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Sound and be carried ashore by the tides. In at least two cases,

each involving a different species of Sphenophorus, adults have been
found along the sea beach in situations where they must have been
submerged at each flow of the tide.

The length of life in the beetle stage is not definitely known, but

Dr. Chittenden has observed overwintered adults as late as August 8,

thus overlapping the appearance of the new generation of adults.

INJURY BY THE BEETLES.

It is rather cUflicult to separate out, in the correspondence of the

bureau, injuries that have been caused by the adults, or beetles, of

this species from those inflicted by the larvae. That the larvae are

eminently capable of totally destroying young corn is very evident,

but the following extract points more or less conclusively to the

beetles themselves as being the authors of the injuries inflicted.

Mr. C. R. S. Baker, Rimini, S. C, June 26, 1909, in a communica-
tion to the Bureau of Statistics, stated that the beetles were killing

young corn by puncturing the stalk to the heart, killing the plant

precisely as with the "budworm." This particular field liad been
highh^ fertilized with guano and stable manure. Maj. Gore, of Pire-

way, N. C, May 12, 1910, stated that 30 acres of corn planted on new
land had been literally eaten up by the beetles; presumably the new
land was either very low or reclaimed swamp. Under date of May 21,

1910, Mr. W. Barnett, of Pireway, N. C, stated that a farmer in his

Neighborhood had lost half of his crop of corn from attacks of this

beetle. Writing from Helena, Ark., June 2, 1911, Mr. L. E. Howard
stated that these beetles were killing the corn, mostly young corn,

but some as large as waist-high. Writing from McLellan, Fla.,

May 2, 1909, Mr. W. H. Gill stated that the pest had just made its

appearance in Santa Rosa County and attacked young corn about a

month old by boring in the stalk underground and kilUng the center.

On Juno 1, 1910, a complaint was received from Mr. P. Cox, Appleton,

Tenn., inclosing specimens of the beetle which lie stated were destroy-

ing his corn crop and asked for an investigation of the trouble. July

14, Mr. G. G. Ainslie visited the locality and found that Mr. Cox's

field consisted of about 40 acres lying in a creek bottom. Farther

down the stream were two other fields of corn all of which had been

damaged. It seems to be the plan in that particular locality to allow

the land to go uncultivated every alternate year. During the season

in which the land is idle there springs up a heavy growth of weeds and
swamp grass. This particular field was plowed the latter part of

March and replowed the last day of April, corn being planted soon

after. The first planting came up quickly, but was utterly destroyed.

The second planting, tlie date of wliich was not obtained, was also

practically destroyed, and a little before the middle of June a third
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planting was made. On the lower depressions of the field (see PI. TX,

fig. 1), termed "swales" in that neighborhood, the corn from this

planting was either small or missing, the size of the stalks being very

irregular. In most cases the main stalk was aborted and suckers

had been thrown up, sometimes a distance of several inches from

tne original plant. The main stalk was either missing altogether or

had become so dwarfed and distorted as to be practically worthless.

(See PL IX, fig. 2.) It lies prostrate on the ground, curled and

twisted, being sometimes almost buried in the loose earth, and the

beetles were still found attacking the plants.

RECENT INVESTIGATIONS OF THE BUREAU OF ENTOMOLOGY.

Reference has already been made in the proper places to the investi-

gations carried out in Kansas, Oklahoma, and Texas by Messrs. Kelly,

Urbahns, and Parks, of the Bureau of Entomology, and in North

Carolina by Mr. James A. Hyslop, also an assistant in the bureau.

On May 23, 1911, we received a communication from Mrs. S. D.

Jordan, Hertford, N. C, accompanied by specimens of these beetles,

stating that the insects take possession of and destroy whole fields

of corn as soon as it comes up. Many farmers had been obliged

that season to plow and plant their corn for the second time. The
insects attack the plants by inserting their bill into the stalk near

the ground, causing the plants to wilt in a few hours. The trouble

had been noticed for several years and appeared to be rapidly on

the increase. Apparently, unless some steps were taken for their

protection, the farmers in that neighborhood would not be able to

raise sufficient corn for their own use. Two days later a communica-
tion was received from Mr. William T. Shannonliouse, from the same
post office, accompanied by specimens of the bettles. Mr. Shannon-

house complained that these insects attacked the corn from the time

it was 3 or 4 inches liigh until it became 10 inches or a foot in height.

Then they were found just below the surface of the ground punctur-

ing the stalk, causing the death of the plant. Mr. Shannonliouse

called attention to the fact that where corn had followed cotton

crops no damage was apparent, but where the preceding crop had

been corn the damage was in many cases very severe, often resulting

in a total loss of the crop. In cases where the land had been planted

to corn in alternate years, and during the intervening years to some
other crop, no difficulty was experienced. The author, together

with Mr. Vernon King, visited these fields in company with ^Ir.

Shannonliouse on June 20 and made a careful examination of them.

It was found that where cotton had been the previous crop, attack

})y Sphenophorus was hardly noticeable. Larvae were abundant,

ranging from newly hatched to half-grown, while eggs were being

deposited on both small, tender plants, and on larger, more mature
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Fig. 1.—View of Cornfield near Appleton, Tenn., Showing Damage by the
"Curlew Bug." (Original.)

Fig. 2.—Corn Plants, Showing Normal Plant
and those Damaged by the "Curlew Bug."
(Original.)

THE "CURLEW BUG."
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ones. From one to several eggs were laid on each plant, either just

beneath the surface of the soil, slightly above the roots, or from 2 to

3 inches above this point in the stem. Beetles usually rest on stems

head downward, often partially liidden by soil around the plant,

and frequently with the beak inserted into the tissues of the stem.

At the bottom of slits made by the beak, and easily seen with the

naked eye, there is often a wliite, elliptical egg, sometimes wdth one

end transparent. Both males and females were common. On
June 22, about 3 miles away across the Perquimans River, on the

farm of ^Mr. R. L. Spivey, Mr. King observed the same work in a

small patch of corn planted on spring-plowed land which bore corn

the year before. Near Mr. Spivey 's farm injury was also done to

3 or 4 acres of corn on the farm of Mr. J. T. Jackson, whose land

also bore corn the year before. At this time only a few large plants

of the first crop were standing. The land had been replanted, but

only sickly plants were produced, as these had been attacked by
Sphenophorus and by Diatrsea sp., the latter of wliich is locally

known as the "budworm." An adjoining patch of corn, planted on

soil which bore corn last year, but cut early and the land fall-plowed,

was seemingly growing.

On July 25 ^Ir. W. R. Walton visited the same locaHty and, in the

same fields previously examined by ]\Ir. King and the author, found

larvae, apparently nearly full grown, in the taproots and crowns of

the plants. Although no longer feeding, they had not yet transformed

to pupae, nor were they yet in cells formed for pupation. Some of

the less seriously injured stalks of corn were from 6 to 8 feet high,

with one well-developed ear. No grasses or sedges in which the insect

could develop could be found in the neighborhood, although Mr.

Walton was told by ^Mr. Overton that masses of both of these plants,

with heavy root-stalks, sometimes drift across Albemarle Sound
from the South. Farmers in that neighborhood say the pest began

its depredations along the north shore, and express the opinion that

the pest came fi'om the South. Later, September 5 and 6, Mr.

Walton again visited the same locality to learn the condition of the

pest, but although he examined and pulled up about 100 stalks of

corn where the pest had been abundant earlier in the season, he

could find no trace of it in any stage.

REMEDIAL AND PREVENTIVE MEASURES.

With these insects in full possession of a field, there does not appear

to be any thoroughly practical and effective measure for preventing

or overcoming their ravages. While thro\ving up' the soil or hilling

up the young plants with the cultivator might prevent the beetles

themselves" from puncturing the stems low enough down to cause

the plants to sucker or become distorted, tliis is by no means assured.
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We only know that the higher up the insect punctures the stem the

more Ukely is the attack to result only in the transverse rows of holes

across the leaves, as shown in figure 21 at a. In anj^ case this ridging

or lulling up would only form a possible slight protection against the

injurious effects of the feeding of the beetles. Once the larvae have

started to burrow their way downward in the stem there is no way
whereby they can be readied by any measure likely to seriously

affect them. The beetles can not be trapped by inducing them to

liibernate under piles of rubbish prepared for them especially for this

purpose, because there is excellent proof that they pass the winter

in fields entirely bare of vegetation. Late planting of the crop, as

exemplified by repeated replantings, does not offer any encouragement

in the way of preventing future injuries. As shown by the observa-

tions of Messrs. Walton and Hyslop, very few of the insects liibernate

in the roots or old stalks, so that the pulHng up and burning of these,

as in destrojdng the larger corn stalk-borer, would not be of much
value against tliis insect. They probably do not liibernate to any

extent in their uncultivated food plants.

Fortunately, however, the farmer has within his reach two most

practical and efficient measures of prevention. One of these is to

entirely exterminate from his fields any of the natural food plants of

this species. Indeed, he should by no means attempt to raise a crop

of corn while any of this natural vegetation, upon which the insect

can subsist, is still in existence. The other measure is to follow corn

or rice with some crop upon which this insect can not feed and never

to plant com immediately after corn or rice. On the farms of the

Messrs. Shannonhouse most convincing illustrations were afforded

of almost complete protection by rotation of crops. While in no

case was it possible to find a badly infested field of corn following

cotton, there were plenty of illustrations of the disastrous effect of

attempting to raise corn during successive years on the same ground.

One field offered such an excellent illustration of this phase of the

problem that Mr. William T. Shannonhouse had it photographed, and

these photographs are used for illustration in Plates VI to VIII. In

1910 the eastern portion of this field had been devoted to cotton,

the western portion to corn. In the year 1911 the entire field was

planted with corn; as a result that portion on which corn had been

raised the previous year (see PI. VI) was almost totally destroyed

by this insect, while the other portion, where cotton had been grown

(see PI. VII), was almost entirely exempt from attack. In order

to show the abruptness with which this injury terminated and the

exactness with which this corresponded to the dividing line between

the two previous crops, the farmer who had himself cultivated the

field in 1910, and was therefore perfectly familiar with it, was induced

to stand exactly upon the dividing line between the corn and the
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cotton. Plate VIII shows the area where this dividing Hne between
the two crops of the previous j^ear was located and the radical dif-

ference in attack by Sphenophorus between the two portions of the

field. This field illustrates conclusively both the fact that the

beetles winter in the fields where they develop and also that crop

rotation is effective in preventing serious injury.

NATURAL ENEMIES.

Mr. W. L, McAfee, of the Biological Survey, has recorded the

finding of SphenopJiorvs callosus in the stomach of the nighthawk

( Chordeiles acutipennis texensis) at Wallaceville, Tex., August 4, 1907.

This is the only exact record obtainable of the eating of this species by
birds. In addition Dr. Chittenden has placed the following notes at

the disposal of the author:

Among the larvae of this species in our rearing cages in late^^August and early Sep-

tember some years ago were some which had died, apparently of fungus attack, although

there is a possibility that the fungus attacked the insect while dying or after death.

In another instance, during the last week of August, larvae of this same species were

djing and specimens were referred to Dr. Haven Metcalf, a pathologist in the Bureau
of Plant Industry, who stated that they were apparently free from fungi, and that

while there was a possibility of the presence of a bacterial disease such presence could

not be established at that stage. Examination, however, revealed the fact that the

bodies of the larvae were fairly reeking with nematodes, and it is not impossible that

these are the cause of the insect's fatality.

On September 5 and 6 Mr. Walton found, in cornfields in North
Carolina where the corn had been destroyed (see PI. VIII), many
exit holes of the predaceous maggots of a robber fly, Erax lateralis,

between the rows of corn, and it is possible that these may have
devoured some of the larvae of Sphenophorus. Lamphyrid larvae

were noted, both by the author and by Messrs. King and Walton,

about the infested hills of corn. Although these are known to be

predaceous, none of us was able to catch them in the act of devouring

the larvae of the curlew bug.

'T'HIS PUBLICATION may be pro-
*- cured from the Superintendent of

Documents, Government Printing Office

Washington, D. C, at 10 cents per copy





.^j^^y^

U. S. DEPARTMENT OF AGRICULTURE,
BUREAU OF ENTOMOLOGY—BULLETU No. 95, Part V.

L. O. HOWARD. Entomologist and Chief of Bureau.

PAPERS ON CEREAL AND KORAGE INSECTS.

THE FALSE WIREWORMS OF THE
PACIFIC N0RTHWE8T.

JAME.S A. IIYSLOP,

Agent and Expert, Cereal and Forage Insect Investigations.

IsscEn April 22, 1912.

WASHIXGTOX:
GOVERNMENT PRINTING OFFICE.

1912.



BUREAU OF ENTOMOLOGY.

L. O. TiowA.RD, Entomologist and Chief of Bureau.

C. L. ^iA.RijA.'TT, Entomologist and Acting Chief in Absence of Chief.

R. S. Clifton, Executive Assistant.

W. F. Tastet, Chief Clerk.

F. H. Chittenden, in charge of truck crop and stored pjroduct inject investigations.

A. D. Hopkins, in charge offorest insect investigations.

W. D. Hunter, in charge of southern field crop insect investigations.

F. M. Webster, in charge of cereal andforage insect investigations.

A. L. Quaintance, in charge of deciduous fruit insect investigations.

E. F. Phillips, in charge of bee culture.

D. M. Rogers, in charge of preventing spread of moths, field work.

RoLLA P. CuRRiE, in charge of editorial work.

Mabel Colcord, in charge of library.

Cereal and Forage Insect Investigations.

F. M. Webster, in charge.

Geo. I. Reeves, W. J. Phillips, C. N. Ainslie, E. 0. G. Kelly, T. D. .Urbahns,
Harry S. Smith, Geo. G. Ainslie, J. A. Hyslop, W. R. Walton, J. T. Monell,
J. J. Davis, T. H. Parks, R. A. Vickery, V. L. Wildermuth, E. G. Smyth,
Herbert T. Osborn, Philip Luginbill, C. W. Creel, E. J. Vosler, R. N. Wil-

son, Vernon King, entomological assistants.

Nettie S. Klopfer, Ellen Dashiell, prcparators.

Miriam Welles Reeves, collaborator.

II



CONTENTS.

Page.

Introduction 73

Historical 73

Distribution 75

The work in the Big Bend region of Washington 76

Descriptions 78

Eleodes letcheri vandykei Blaisd 78

The egg 78

The larva 78.

The pupa 79

The adult 80

Eleodes pimelioides Ma,nn 80

The egg 80

The larva : . . : 80

The pupa 81

The adult 81

Food substances • 82

Seasonal history 83

Natural enemies and parasites 84

Remedial and preventive measui'es 86

LLUSTKATIONS,

Page.

Fig. 22. False wireworm, Eleodes letcheri vandykei: Adults in characteristic

attitudes 73

23. False wireworm, Eleodes letcheri vandykei: Egg •. 78

24. False wireworm, Eleodes letcheri vandykei: Larva and details 79

25. False wireworm, Eleodes letcheri vandykei: Pupa, dorsal and ventral as-

pects 79

26. False wireworm, Eleodes letcheri vandykei: Adult 80

27. False wireworm, Eleodes pimelioides: Adult, details of larva 81

III





U. S. p. A., B. E. Bill. 95, Part V. C. F. I. I.. April 22. 1912.
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THE FALSE WIREWORMS OF THE PACIFIC NORTHWEST.

By James A. Hyslop,

Agent and Expert, Cereal and Forage Insert Investigations.

INTRODUCTION.

Up to within the past five 3^ears, except for a few scattering notices,

the species of Eleodes have been considered of only incidental, if of

any, economic importance. The Tenebrionidff>, to which this genus
belongs, are sometimes saprophagous, feeding on dead vegetable

matter in the soil, and occasionally on dead animal tissue as well

as on stored grain and other food products.

Superficially the larvae resemble the true wireworms (elaterid

larvae), and on account of this resemblance and the similarity of their

Fig. 22.—The false wireworm, Eleodes Ictcheri vandylcei: Adults in characteristic attitudes. Some-
what enlarged. (Original.)

depredations in the grain fiekls the two are often confused. On
closer examination, however, Eleodes larvae can be easily recognized;

the antennae are rather long and very conspicuously clavate, the

body is not flattened, and the forelegs are long and stout. These
larvae can move with great rapidity as compared with true wireworms
The confusion of Eleodes with the true wireworms is unfortunate,

as the preventive and remedial measures for the two pests are .quite

distinct, what is efficient treatment in one case being quite useless

in the other.

HISTORICAL.

Among the earliest references to the economic importance of these

beetles in this country is a note by Prof. I^awrence Bruner/ in which
the species Eleodes tricostata Say is recorded as attacking cabbage

' Bui. 2(i (old series), Div. F.nt., U. S. Dept. Agr., pp. 11-12, 1892.

73



74 PAPERS ON CEREAL AND FORAGE INSECTS.

plants at Lincoln, Nebr., doing even more damage than the cut-

worms. It was also said to have attacked other garden crops, but

these are not definitely recorded.

In 1895 Prof. C. V. Piper published an article in the Northwest
Horticulturalist in which he refers to Eleodes larvas attacking garden

crops.

In 1898 Mr. Theo. Pergande ^ notes having received from McPher-
son, Kans., two larvae of a tenebrionid with the statement that they

do serious damage to wheat in Salina County, Kans., by attacking

the grain when it becomes softened, destroying the germ. From one

of these larvie an adult was reared which proved to be Eleodes sutura-

lis Say. In the autumn of 1911 Mr. E. O. G. Kelly, of tliis office,

fountl the wheat in southern Kansas attacked by an Eleodes larva

wliich may prove to belong to this latter species.

In 1908 Mr. Myron Swenk,- assistant State entomologist of

Nebraska, reported Eleodes opaca Say as doing very serious damage
to wheat in Nebraska, in some instances 60 per cent of the seed

having been destroyed.

The larvse were first found by the author in enormous numbers in

May, 1909, in a wheat field south of Pullman, Wash. The field was
entirely ruined and had to be reseeded, though these depredations

were not entirely due to the Eleodes, as a true wireworm, the larvse

of Corymhites imjiatus Say, was also very numerous.

On ]\Iay 12 several adult Eleodes pimelioides Mann, were found at

a depth of about 4 inches below the surface in the field above men-
tioned, and more were found under boards and rubbish about the

fields. Many larvse were placed in flowerpot rearing cages with

wheat as food, and on July 3 a pupa was found in one of these cages.

On July 20 an achdt Eleodes inmelioides emerged. Later examination

of several collections very clearly indicates that this species is far the

more predominant in the Palouse country.

Other species known to occur in this region are Eleodes ohscura Say
var. sulcipennis Mann., Eleodes liispilahris Say var. Ixvis Blaisd.,

Eleodes extricata Say, Eleodes manni Blaisd., Eleodes humeralis Lee,
Eleodes schwarzii Blaisd., and Eleodes nigrina Lee.

In the spring of 1909, on examining an oat field at Govan, Wash.,

that had been almost completely destroyed, many tenebrionid larvae,

Eleodes letcheri Blaisd. var. vandi/Jcei Blaisd., were found crawling

over the surface of the field. They had evidently been forced to

leave the ground by a heavy rain which fell the day before. On
digging in this field many more larvse were found about ready to.

pupate.

In the spring of 1910 the adults were found in enormous numbers
on the roadsides in tlie Big Bend region and in the middle of the

Bureau of Kntomology Notes, No. 8186. * Joum. Econ. Ent., vol. 2, p. 332, 1909.



fai.se wirewoems of pacific northwest. 75

summer they were found under the grain shocks in large numbers.

In this region the species in enormous preponderance is Eleodeis

letcheri vandykei. Eleodes inmelioides, Eleodes nigrina, Eleodes Jiis-

pilahris var, Isevis, and Eleodes ohscura var. sulcipennis also occur;

the first one rarely, the last three quite commonly.

The results of three seasons' work in the Pacilic Northwest demon-
strate quite conclusively that the false wireworms are among the

most destructive insects to recently planted wheat and corn in this

region. They rank second only to the true wireworms (elaterid

larvae).

False wireworms are native and not introduced forms; the climatic

conditions of the country are, therefore, ideal for their existence.

The converting of enormous areas of the scantily verdured sage-

brush prairie into wheat ranches has afforded them a new and

increased food supply and the destruction of the sage hen, badger,

and horned toad has removed their normal foes.

DISTRIBUTION.

The genus Eleodes, to which the beetles treated in this paper

belong, is very closely confined to the Upper and Lower Sonoran
Zones. These beetles do not fly and are therefore more restricted

in their distribution than insects which have a more active means of

dissemination. The mass of the species occur in the Southwest,

wliile several occur in the arid and semiarid regions of California,

Oregon, Washington, and Idaho. A few species extend into the

Carolinian Zone in Kansas, Nebraska, and Iowa, Eleodes tricostata

having been collected as far east as Independence, Iowa.

Eleodes pimelioides , however, seems to be an exception to this

general rule, and is very nearly confined to the northwestern por-

tion of the Transition Zone, only occasionally being found in the

Sonoran where this zone merges into the Transition. Specimens

have been collected in the very humid coastal region of Washington,

as well as in semiarid regions of this State, of Idaho, and of Oregon; in

the Rocky Mountains at Helena, Mont., as well as at very nearly sea

level on Vancouver Island. The species is predominant in the semi-

arid Transition of Washington and Idaho, the region commonly
known as the Palouse country. The southernmost records of this

species are Lake County, Cal.; Elko, Nev. ; Wasatch, Utah; and
Garland, Colo. It extends east to the middle of Colorado and north

to Vancouver, British Columbia.

Eleodes letcheri vandykei has been collected at The Dalles, Oreg., by
Messrs. Hubbard and Schwarz. Dr. E. C. Van Dyke has taken tliis

species in Modoc County, Cal., and we have found it to be the pre-

dominant species in the Big Bend region of Washington, All of

these localities are well within the Upper Sonoran Zone.
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Eieodes opaca is apparently confined to the Plains region east of

the Rocky Mountains, specimens ha\dng been collected in cential

and eastern Colorado, western Kansas and Oklahoma, northern

Texas, all of Nebraska, and southern and eastern South Dakota.

Eieodes suturalis occurs over about the same region as E. opaca,

with its vai'iety texana Lee. extending southward into New Mexico

and southern Texas.

THE WORK IN THE BIG BEND REGION OF WASHINGTON.

On May 28, 1909, an oat field at Govan, Wash., was examined.

This field had been almost completely destroyed by true mreworms;
besides these, inany larvae of Eieodes letcheri vandyTcei were "found on

the surface of the ground, evidently forced out by the unusually late

heavy rains of the preceding day. These latter were by far too few

in numbers to have destroyed the oats. Bluebirds (Sialia mexicana

occidentalis) were noticed feeding in the fields in large numbers on

the exposed Eieodes larvae. ]\Iany of the larvae were also found in

the ground at a depth of from 3 to 5 inches, in small spherical cells,

wherein they lay in a curled position. These were considerably

softer and paler colored than those found in an active condition.

The work in 1910 started early in April when the false wireworms

were to be found scatteringly throughout the grain fields, the grain

having just sprouted.

Adults were first observed in 1911 on April 17, the day being

quite hot, but the weather up to tliis time having been verj^ cool.

The beetles were to be seen at about 3 o'clock in the afternoon in

great numbers along all the roadsides, where they were either awk-

wardly hurrying over the ground or nibbling at the foliage of the

very young Polygonum littorale, which is very abundant in this

region.

Atlults of the larger species, Eieodes ohscura sulcipennis, were

usualh^ to be found in or about the burrows of the ground squirrel

{Citellus townsendi) and the badger.

When disturbed, the species of Eieodes have the ludicrous habit of

standing still and elevating the abdomen so that the long axis of the

body approaches the perpendicular instead of the nearly horizontal

position it normally maintains while walking or at rest. The two

beetles to the right in figin-e 22 are in this attitude. Thus theyA\dll

remain motionless for several minutes and finally, if they are not

further disturbed, they walk off. If one places the finger near the

insect, an oily liquid is excreted from the anal apertui-e, which flows

down over the elytra and abdomen. This licjuid is pale yellow in

color and makes a dark-brown stain; it has a very characteristic,

strong, astringent, and offensive odor, and is evidently protective in
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function. Mr. Carl F. Gissler ' describes this secretion and the

glands from which it is secreted.

Many pairs were in coitu on the 17th of April, and on the 21st a

female that was confined in a pill box laid four eggs. Between the

21st and 23d, when the female died, she laid 10 more eggs, which,

however, failed to incubate. Females dissected in the laboratoiy

were found to contain from 92 to 199 eggs. The eggs were found
to lie on the ventral side of the abdomen and to extend upward
and over part of the viscera, filling all the interstices about the

alimentary canal. The eggs were so crowded in the abdomen that

they were quite distorted. Anteriorly the eggs were smaller and
were fastened to the anterior abdominal sclerite hj fine filaments.

The mating season lasted about two weeks, but the adults were in

evidence throughout May and June. Well-grown larv» were also

to be found at this time. Many of the adults in the rearing cages, as

well as two individuals observed in the field, were seen to burrow into

the ground. This is accomplished by digging with, the front tibise,

which are expanded and armed with spines for the purpose, the tarsi

being folded back out of the way. The loose dirt is conveyed back-

ward by the middle legs and piled up behind the beetle by the hind
legs. When about one-fourth of an inch of dirt has accumulated the

beetle backs out of the hole, ])ushing the earth out with the abdomen,
the hind legs assisting in this process by keeping the earth piled be-

hind the abdomen. On examining these burrows two or three eggs

were found in each. The burrows are filled with earth after the

beetles come out and are from 4 to 8 inches deep.

Rearing cages were established by sinking barrels to the surface

level, filling them with earth, and fitting vertically onto the top a

galvanized-iron cylinder 10 inches in height and the diameter of the

inside of the barrel top, the open upper end being covered with wire

mosquito bar, with an introduction hole made in the wire screen and
corked.

On April 20 about 30 pairs of mated Eleodes letcheri vandyTcei were
placed in this cage, which had previously been seedetl with wheat
and planted to Polygonum littorale.

By June 25 the beetles were all dead in the cage, probably due to

abnormal conditions as well as age, though no living beetles could

be found in tlie fields at that time. Small larvae 4 to 5 mm, (about

three-sixteenths inch) in length were then to be found in the cage.

On examining the cage on November 14 the larvae were found to

be about 14 mm. (nine-sixteenths inch) in length and at about a depth
of 12 to 24 inches below the surface. The soil in the rearing cage

was as dry as jiowder to a depth of nearly 2 feet, but the desiccation

did not seem to affect the larvge.

» Psyche, vol. 2, no. 58, 1879, p. 209.

24335°—Bull. 95, pt 5^12 2
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July 4, 1911, the cage was again examined and the larvae were
found to be about 1 j inches long. From early in July to the middle
of August it became necessary to be away from Govan, where tliis

experiment was in progress. On returning, August 16, the root cage

wjis examined and two adults found about 6 inches below the surface.

They were haj-d and had evidently emerged some days before this

date. Wlien the boards which had been placed over the barrel to

protect it during the winter were removed in the sjjring, a number
of adults was found that had hibernated under this shelter. On the

above date and at a depth of about 20 inches a very young false

wireworm (3.5 mm. long) was found; it was pure white and had
evidently but very recently hatched. This larva was undoubtedly
the young of one of these accidentally introduced beetles.

The soil at this time was dry to a depth of 4 inches. On June 25 a
pupa was found in the field, placed in a pill box with dirt, and on the

30th an adult Eleodes letcheri vandykei emerged. In the fields, where
a farmer was plowing his summer-fallow—and it may be remarked
that this is exceptionally late for working the summer-fallow in this

country—pupae were found turned out by the plow. A little flock

of Brewer's blackbirds {Euphagus ci/anocepJialus) were walking in the

furrow a few yards behind the plow and picking up the upturned
insects.

From the middle of July until the grain is harvested adults are to

be found in large numbers under the grain shocks and bundles as they

stand 'in the field, and also under grain sacks. Most of the beetles

are quite isoft early in the season, but later become hard.

DESCRIPTIONS.

Eleodes ietcheri vandykei Blaisd,

The egg (fig. 23).—The egg is bluntly oval in longitudinal section and circular in cross

section; it measures 1.1 mm. in length and 0.62 mm. in diameter; it is of a pure glis-

tening white color and absolutely without sculpturing. Ovarian eggs measured 1.17

mm. in length and 0.74 mm. in diameter.

T}if larva (fig. 24).—Elongate, subcylindrical, con-

vex dorsally, flattened ventrally. Yellowish, ventral

surface paler, anterior and jiosterior margins of first

thoracic and posterior margins of succeeding segments

brown; head slightly brown, edge of mandibles black,

base of mandibles bn)wn; claws, spines on legs, and

caudal s(>gment dark brown; antennae pale yellow.

Fig. 23.—False wireworm, Eleodes Anterior and posterior margins of first and posterior

Ietcheri vandykei: Egg. Greatly margins of succeeding segments with striate marginal
enlarged. (Original.) bands; band on anterior margin of first segment

broad'^r and more coarsely striate. Caudal segment scutelliform, flattened dorsally

and cu wex ventrally, bearing 18 stout spines on its margin—4 on each lateral mar-

gin and 10 on terminal margin; a slight space equal to that occupied by one spine

sepaiates the lateral from the terminal spines. Several long hairs and a ba.sal row
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of short haii-s on caudal segment. Head subquadrate, very convex, distance from

base to labrum equal to one-half width

of head, sides converging anteriorly,

posterior angles rounded; two stout hairs

on lateral dorsal surface; two oblong

black eye-spots on lateral anterior part,

a large one at base of antennae, and a

smaller one posterior and dorsad of this.

Suture arising at base of each mandible

flexed laterally and converging posteri-

orly to unite with the median sutm^e at a

distance from base of head equal to one-

fourth distance from base to labrum;

mouthparts usually du-ected ventrally.

Labrum large, basal joint trapeziform,

terminal joint rounded, bearing several

hairs on margin, both joints margined

anteriorly. Mandibles large, visible from

above. Labium not covering mandibles,

ligula broader than palpifer; labial palpi

cylindrical, two-jointed, second joint

papilliform; mentum larger than palpifer,

submentum larger than mentum, all

quadrangular and narrower at base than

at anterior margin. Maxillae larger than

labium, stipes directed laterally, palpifer

elongate and directed antero-medially;

maxillary palpi at about middle of

palpifer, three-jointed, first and second

joints about equal in length, first stouter,

third papilliform. Thoracic legs stout;

first pail- longer than width of thorax,

second and third pairs one-third shorter;

first pair very heavy, terminal hook as

long as fourth joint, second joint bearing

Fig. 24. —False wireworm, Eleodcs letchcri vandykei.

a, Larva, dorsal aspect; 6, heid, dorsil aspect;

c, head, ventral aspoct; d, caudal s?gment, dorsal

aspect. 0, Much enlarged; b, c, d, more enlarged.

(Original.)

2 Stout short spines on inner distal margin, third joint bearing 3 marginal spines

and fourth joint bearing 4 such spines.

The pupa (fig. 25).—Length 11 mm.,
width 5.3 mm., arcuate dorsally, flat-

tened to slightly concave ventrally.

Entirely white when first pupated but

eyes soon become black followed by
tips of mandibles; just prior to emerging

the elytra and dorsum of thorax become
black. Head pressed to the prosternum.

Pronotum very broad and protruding

anterior to the head, making the latter

invisible from above. Mesonotum very

narrow and scutelliform, with indistinct

transverse sulcus slightly anterior to mid-

dle. Metanotum sagittiform, about as

broad at anterior margin as mesonotum.

At the base of each elytron and of each

secondary wing pad is a rounded swell-

Between dorsal and pleural abdominal

a 6
Fig. 25.—False v.ireworm, Eleodcs letchcri vandykd:

a, Pupa, vxjntral aspect; 6, same, dorsal aspect.

Much enlarged. (Original.)

ing. Seven abdominal plates visible dorsally
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plates is a distinct depression forming a submarginal groove. The caudal segment

bears a pair of posteriorly directed spines near posterior margin dorsally and a pair of

median anal lobes ventrally. Head, legs, and antennae free. Antennae passing

behind first and second pairs of legs and over wing pads. Elytra folded ventrally

over the posterior legs.
Eyes conspicuous. Pleural

margin of abdominal seg-

ments bearing mammiform
tubercles. Body without

hairs or bristles.

The adult ' (fig. 26) .—More
or less shining, elytra not

pubescent. Antennae with

the third joint scarcely as

long as the next two com-

bined, fourth joint a little

longer than tlie fifth, the

latter slightly "longer than

the .«ixth, the latter and the

seventh equal.

Pronotum usually widest

at the middle, frequently

widest just in front of the

middle.

Elytra ii-regularly and

quite densely muricately

punctate, very minutely so

on the dorsum, coarser on

the sides and apex; from

each puncture arises a rather

short, stiff, curved, incon-

spicuous and semirecum-

beut seta. These are not

evident on the inflexed

sides.

Otherwise as in letcheri,

but a little more robust.

Measurcmenls

.

—Males: Length, 14.5-16 mm.; width, 5-6.5 mm. Females: Lengthy

15-16 mm.; width, 7.5 mm.
Genital characters as in letcheri.

Eleodes inmelioides Mann.

The egg.—Oval in longitudinal set^tiou and circular in cros.s-section; 1.34 mm. in

length and 0.85 mm. in diameter; pure glistening white; without sculpturing of any

kind.

The larva.—Elongate, cylindrical, convex dorsally, flattened ventrally. Yellowish,

first thoracic and eighth abdominal segments brownish, ventral surface paler, anterior

and posterior margins of first thoracic and posterior margins and anterior submarginal

areas of succeeding segments brown, a distinct pale median vitta; head brownish

posteriorly, edge of the mandibles black, base of the mandibles brownish; claws,

spines on legs, and caudal segment brown; antennte brownish. Anterior margin of

first thoracic segment excavated, posterior margins on all segments except caudal

• The description of the adult given herewith is taken from "A Monographic Revision of the Coleop-

tera, belonging to the Tenebrionide Tribe Eleodiini, inhabiting the United States, Lower California,

and Adjacent Islands," by Frank E. lilaisdell, Sr. Bui. 03, U. S. Nat. Mus., p. 13G, 1909.

Fig. 2(1. -False wireworm, Eleodes letcheri vandykei: Adult, ilorsal

aspect. Much enlarged. (Original.)



FALSE WIKEWORMS OF PACIFIC NOETHWEST. 81

depressed, faintly striate. Caudal segment scutelliform, slightly convex dorsally,

margined laterally, tip curved slightly upward, bearing 18 acute spines on margin

—

4 groups of 2 spines each on each lateral margin and 2 spines at tip. A number of

hairs on dorsal surface and many on ventral surface. Head subquadrate, very convex,

sides converging anteriorly, posterior angles rounded, 2 hairs on lateral dorsal and

several hairs on ventral surface; 2 black eye spots on lateral anterior part of head, a

large oblong one at the base of antennae, and a smaller square one posterior and dorsal

of this. Suture arising at the base of each mandible flexed laterally and convc rging

posteriorly to unite with median suture near base of the head. Basal joint of laljrum

trapeziform, terminal joint rounded, trilobed, hairs on margin. Mandibles large,

visible from al)ove. Ligula broader than palpifer, labial palpi cylindrical, 2-jointed,

second joint pai^illiform, nientum larger than palpifer, submentura larger than men-

FiG. 27.—Falso wir>wor:n, Eleodcs pimdinides: a, Adult, dorsal aspect; 6, caudal segment of l.irva, dorsal

aspect; c, caudal segment of Lirva, lateral aspect, o, Much enlarged; 6, c, more enlarged. (Original.)

turn. Legs 4-jointed. Second joint of anterior legs with 2 short stout spines on inner

anterior margin; third joint of anterior legs with 3 longer spines on inner margin, and
fourth joint vnih 3 still longer, stout spines; 2 spines on inner side and 1 spine on outer

side of base of claw.

The pupa.—The pupa of this species is very similar to that of Eleodes letchcri van-

dykei, from which it can be distinguished, however, by a pair of rather stout spines at

the apex of the secondary wing pads.

The adult (Fig. 27).'—The following description is from page 384 Dr. BlaisdeU'e

monograph previously mentioned in this paper:

Moderately robust, ovate, feebly shining to opaque, about twice as long as wide;
prothorax more or less strongly constricted at base, densely rugoso-punctate; elytra

1 Originally described in Bui. Soc. Nat. Moscou, vol. 16, p. 274, 1843.



82 PAPERS ON CEEEAL AND FORAGE INSECTS.

sculptured with small tubercles, which may be rounded or reclinate and more or less

piliferous. Head densely punctate, antennae somewhat slender, ninth joint trian-

gulo-orbicular to transversely oval, tenth more or less transversely oval.

Pronotum subcordate to transversely suboval, widest near the middle, a fourth to

scarcely a half wider than long; sides evenly and quite strongly arcuate to basal sev-

enth, or subangulate at middle, rounded in front and quite rapidly converging pos-

teriorly and sinuate at basal fourth, thence in each instance quite straight and par-

allel to the basal angles; base equal to the length or in some males shorter than the

length; apical angles obtuse, frequently not in the least rounded, at other times more

or less so.

Elytra quite broadly oval to subquadrate, widest at or behind the middle, a fourth

to a third longer than wide; disc more or less deplanat« on the dorsum, strongly, arcu-

ately, and vertically declivous posteriorly; surface densely tuberculate, tubercles

apparently arranged in rows on tha dorsum or irregular throughout; each bears a very

short, black seta near the apex; when arranged in rows there are very small muricate

punctures scattered sparsely and irregularly between, always less distinct along the

suture centrally; the tubercles are more or less rounded and shining, the interstices

between more or less opaque. Otherwise as in cordata.

Male.—First two joints of the protarsi with tuft of yellowish pubescence near tip

beneath; that of the second joint is rather small; tuft on the first joint of the mesotarsi

quite small. Tufts somewhat long and truncate at tips. Otherwise as in cordata.

Female.—First joint of the anterior tarsi distinctly thickened at tip beneath. Oth-

erwise as in cordata.

Measurements.—Males: Length, 12-14.5 mm.; width, 6-7 mm. Females: Length,

13-15.2 mm.; width, 6.5-8 mm.
Genital characters, male.—As in cordata.

Female.—Genital segment triangular, surface quite plain and slightly setose.

Valvula.—Dorsal plate oblong, feeble or scarcely narrowed apically, slightly explan-

ate externally; apical margin nearly transverse to feebly oblique, inwardly not de-

fined from the surface of the apex, angle obtuse and more or less feebly rounded.

Ventrolateral surfaces.—-Submarginal groove distinct and well defined beneath the

expanded external border of the dorsal plate. Otherwise as in cordata.

FOOD SUBSTA.NCES.

False wireworms are known to feed oji the seed of wheat, oats,

and corn, on the tubers of potato, on the fleshy roots of sugar beet,

and on several garden crops, as well as on a variety of dead organic

matter.

If several larviB are placed in a small rearing cage with insuf-

ficient food they invariably prey upon one another until there is

but a single survivor. Mr Swenk ^ observed that in cages where

larvfe died of a disease their more fortunate survivors ate the dead

individuals.

The adult beetles have been observed feeding on the seed of

wheat and corn, on the leaves of corn, on Polygonum littorale and other

weed leaves, and on decaj'ing vegetable matter. An adult beetle was

kept alive for several months in our laboratory. It was fed on

wheat and occasionally drank from a piece of wet cotton.

1 Joum. Econ. Ent., vol. 2, p. 336, 1909.
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SEASONAL HISTORY.

The following life history was worked out for Eleodes letcheri

vandylcei at Govan, in the Big Bend region of Washington, and unless

otherwise mdicated the data refer to this species.

The adults emerge from hibernation in the early spring, about

the middle of April, and after feeding for a short time on the leaves

of various -weeds, principally Polygonum littorale, mate and start

oviposition. The eggs are deposited a few at a time m the ground,

the adult female burrowing down through the soft dust to the moist

soil below, usually to a depth of from 2 to 4 inches. The average

number of eggs laid by one female is probably about 150. Five

specimens of female Eleodes letcheri vandyJcei that were collected on

April 30, 1911, were dissected and found to contain 199, 138, 161,

157, and 92 eggs, respectively. Most of these eggs were full-sized

and probably mature, though one female contained 45 eggs and

another 91 eggs which were about one-third full size. A female

Eleodes lyimelioides, collected May 1, 1911, at Pullman, Wash., was

found to contam 167 eggs and 2 females of Eleodes nigrina collected

late in April contained 96 and 58 eggs, respectively.

The eggs hatch in about 18 days, the recently emerged larvse

being cream-white, but rapidly assuming the normal amber-yellow

color.

The larvae feed throughout the ensuing summer, usually on decay-

ing vegetable matter, hibernate, and resume feedhig as soon as

the soil becomes warm enough the following sprmg, but this time

disastrously to the sprmg-sown grain. In June the larvse trans-

form to pupae, and early in July the newly emerged adults commence
to appear. They are quite soft on first emerging and take two or

three days to become thoroughly hardened. These adults feed during

the remainder of the summer, congregatmg in large numbers under

the grain sacks, shocks, and any convenient shelter. They eat a

small amount of grain and other vegetable matter and go into hiber-

nation without mating. In the spring they resume activity and
mate, thus completing the Hfe cycle. They hibernate under boards,

in squirrel holes, and in the ground. Prof. W. T. Shaw, of the Wash-
ington State College, in digging out burrows of a ground squirrel

(Citellus columhianus) , found specimens at a depth of 6 feet below
the surface in the burrows. I have dug out the hibernating beetles

at a depth of about 6 inches in the soil in wheat fields and also in

barrel root-cages.

Larvse of Eleodes suturalis were received by Mr. Theo. Pergande ^

on October 26, 1898, from McPherson, Kans. These pupated before

May 19 and adults emerged May 30. From this note it would seem
that Eleodes suturalis varies from Eleodes letcheri vandylcei in its life

1 Bureau of Entomology Notes, No. 8186.
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history, hibernating as mature larvae or pupae and transforming to

aduhs much earUer in the season than the latter.

The adults of the species herein treated seem normally to live but

one season, but Dr. F. E. Blaisdell records keeping adults of Eleodes

dentines in confinement for over four years.

NATURAL ENEMIES AND PARASITES.

The hard cliitinous integument, together with the ofTensive secre-

tions, of these beetles render them almost immune to attack by
bhds. Several western vesper sparrows (Pooecetes gramineus con-

Jinis), two horned larks (Otocoris alj^estris var.), a killdeer plover

(Oxyechus vociferus), a ''billy" owl (Speotyto cunicularia hypogsea),

and a Brewer's blackbird (EupJiagus cyanocepTialus) were shot while

feeding in the grain fields and the stomach contents examined;

these failed to show any evidence that the birds had fed on adult

Eleodes.

Of the domesticated birds, cliickens and ducks eat adult Eleodes

in large numbers. Twenty-five beetles were fed to one hen and

were eaten very greedily. Young turkeys would not eat these

insects. They would seize the beetle and immediately drop it and

shake the head violently as though they dishked the taste, and

after two or three similar experiences would learn to recognize these

insects and would not touch them.

A large number of these beetles were fed to confined pheasants,

and though the conditions were very abnormal, the results maj^ be

suggestive. Reeves pheasant {Phasianus reevesi) and the silver

pheasant (Gennseus nychthemerus) ate the beetles freely, wliile the

golden pheasant (Chrysoloplius pictus) and the Lady Amlxerst pheas-

ant (CJirysolophus amherstx) refused even to notice the beetles.

However, these birds seemed quite annoyed by our presence, and

might have eaten the beetles had they not been frightened. No
Chinese pheasants (Phasianus torquatus) were available, so we can

not say whether or not these birds would be of any value as enemies

of Eleodes.

From several sources we were informed that the sage hen (Centro-

cercus uroplmsianus) feeds largely on these beetles, the crop at times

being gorged with the black cliitinous fragments. In the records of

the Bureau of Biological Survey of tliis department the following

birds are listed as feeding more or less extensively on adult Eleodes

:

California shrike (Lanius ludovidanits gambeli), road-runner {Geococcyx cali/ornia-

nus), Lewis's woodpecker (Asyndesmus lewisi), western crow (Corviis hrachyrhynchos

hesperis), bronzed grackle (Quiscalus quiscula seneus), red-headed woodpecker {Mela-

nerpes erythrocephaluts), curve-billed thrasher (Toxostoma curvirostre), hairy wood-

pecker {Dryohates villosus var.), western mocking bird {Mimus polygloltos leucop-

terus), western robin (Planesticus migrntorius propinquus), the field plover (Bartramia

longicauda), the mallard {Anas platyrhynchos), and the baldpate (Mareca americana).
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Dr. Blaisdell ^ refers to the ground owl {Speotyto cunicularia

hyijogsea) as one of their enemies, and further states that the butcher

bird impales them on thorns.

It is very generally known among the farmers of the wheat regions

of the Pacific Northwest that the Brewer's blackbirds (Euphagus

cyanocephulus) follow the plow and eat the "white worms" (Eleodes

pupae) when the summer-fallow is being worked. The birds are to

be seen walking in the furrows and flying away with their beaks

filled with the soft wliite pupae.

The western bluebirds (Sialia mexicana occidentalis) were seen at

Govan, Wash., in large flocks feeding on the larvse which had been

driven to the surface by an unusually heavy rain.

The stomachs of several horned toads (Phri/nosoma douglasii

douglasii) were examined and found to contain fragments of Eleodes

larvge, but several of these toads kept in captivity refused to eat

the adiflt beetles, though they would feed voraciously on other

beetles. These httle horned toads, or, as they are locaUy known,

sand toads, are without doubt one of the most valuable animals in

the western dry-farming regions. In the Southwest a larger species

(Phrynosoma cornutum), with long stout spines on the head, sup-

plants the former species. These toads move very rapidly and eat

enormous numbers of insects. The garden toad (Bufo sp.) is re-

corded in the files of the Bureau of Biological Survey as feeding on

Eleodes. Dr. Blaisdell ^ gives the skunk as a natural enemy of

these beetles.

In the files of the Bureau of Entomolog}-^ there is a note (No. 8186)

by Mr. Theo. Pergande, wherein he records having received two

larvae from McPherson, Kans. These pupated, and later one of

these pupae was kiUed by an ant {Tetramorium csespitum).

Another of ]Mr. Pergande's notes ^ records receiving an adult of

Eleodes suturalis from :Mr. C. E. Ward, of Belvidere, Nebr. This

beetle was placed in a cigar box, and on examining the box on the

following morning a large number of larvae were noticed crawling

about. These larvae later spun cocoons around the edge of the box

and were believed to be microgasterid parasites that had issued

from the beetle. The adult parasites were later determined as

Perilitus n. sp., and these are preserved in the National Museum
collections.

The author found an adult beetle with the abdomen nearly filled

by a nematode worm, but lost tlie specimen, making further deter-

mination impossible. Mr. Myron Swenk * records a disease, prob-

ably caused by bacteria or a fungus, that attacks the larvae. The

1 Bui. 63, U. S. Nat. Mus., p. 29, 1909.

2 Loc. cit., p.29.
3 proc. Ent. Soc. Wash., vol. 2, pp. 211, 219, 1S92.

' Jour. Econ. Ent., vol. 2, p. 335, 19C9.
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first symptom of tliis disease is a small fed spot on one of the body
segments, usually on the first thoracic or the terminal abdominal

segment. Tliis spot enlarges, finally encircling the body, and within

a very short time the insect succumbs. This disease was so preva-

lent as to interfere with much of Mr. Swenk's experimental work.

REMEDIAL AND PREVENTIVE MEASURES.

If a field is well stocked with false wireworms at the time wheat

is sown, remedial measiu-es are of little avail, as was demonstrated

by our experiments carried out in the Big Bend country of Wash-

mgton. The insects are well adapted to the present agricultural

practices of the sprmg-wheat growers in the Pacific Northwest.

Here the plowing of summer-iallow land is commenced as early as

possible in the spring, wliich in the average season is in April. Those

who can spare teams and men often commence while the seeding of

the crop in other fields is in progress. The most progressive farmers

then disk their fallow land in June so that this will be well finished

when hayuig commences.

By slightly modifying this procedure an enormous number of

these beetles would be destroyed. Instead of plowing early in

the spring and disking in summer, reverse the process. Disk as

early as the land can be worked and the apparatus is available,

wliich will usually be in April. This will conserve the moisture fully

as well as plowing. Then plow as late as possible ; if the land has been

well disked and the men and horses can be spared, it is well to defer

this plowing to late July and early August. At tliis time the beetles

are in the pupal, or, as they are commonly called, "white-worm,"

stage. They can not move through the ground as can the active

larvae, but can merely squirm when irritated. The plowing, which

should be deep to be effective, turns out great numbers of these

pupsB, and they are either eaten by birds or kiUed by the burning

sun. Many more are destroyed by being crushed or suffocated in

the broken pupal cells. Aside from killing many Eleodes pupae,

this practice of late plowing the summer-fallow would greatly aid in

weed eradication. The early disking would not bury the weed seed

to retard germination; all the seed would develop; then the late plow-

ing would destroy the entire crop, of weeds. If the weeds start very

early, a second disking may be necessary, as weeds very rapidly

deprive the soil of its moisture.

Concerted effort and very thorough work are absolutely essential to

render this treatment appreciably effectual. The cooperation of all

the farmers over a considerable area is advised, as the adult beetles

walk rapidly and will readily reinfest a well-treated ranch, coming in

from an adjoining, poorly worked fiekl or pasture.
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This treatment is by no means advocated for those farmers who
find it impossible to disk their summer-fallow, as leaving the land

untouched until July would cause all the accumulated winter's

moisture to evaporate, and the plowing would simply be stirring the

dust and be of no value whatever.

In the spring of 1910 a series of experiments was carried out at

Wilbur, Wash., to determine the value of certain substances alleged

to be useful as poisons or repellents against elaterid larvaB. Eleodes

larVae were also quite numerous in the fields where these experiments

were carried out ; hence mention of the results, though relating prin-

cipally to another insect, may not be out of place here.

Seed in bulk was treated with the following substances: Lead arse-

nate, at the rate of two-thirds of a pound per bushel of seed, dissolved

in water ; strychnine sulphate, at the rate of two-thirds of an ounce

per bushel of seed, dissolved in water; coal tar applied until seed

was all coated, then sanded until dry. The substances were stirred

into the grain thoroughly with a wooden paddle and then allowed to

dry several days.

The experiments were sown in strips with a wheat seeder 11

feet wide and one-half of a mile long. Untreated check strips were

planted between each treated plat.

Just after sprouting the percentage of damage done by insects

was estimated by counting the damaged and undamaged seed in

several areas of 1 square yard each in each plat. The results were

entirely negative as all the plats, including the checks, were about

equally attacked.

These treatments, even had they been found efficient, would have
been impracticable from an economic standpoint. The poisons were

too expensive and the application too expensive and laborious, and,

in addition, the coal-tar treatment, even after drying several days,

so clogged the seed cups on the seeder as to cause very uneven dis-

tribution of seed.

ADDITIONAL COPIES of this publication
ii- may be procured from the Superintend-
ent OF Documents, Government Printing
OfFiCe, Washington, D. C. , at 5 cents per copy
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PAPERS ON CEREAL AND FORAGE INSECTS.

THE LEGUME POD MOTH.

{Etiella zinckenella schisticolor Zell.)

By James A. Hyslop,

Agent and Expert. Cereal and Forage Insect Investigations.

HISTORICAL.

The first mention of the legume pod moth (Etiella zmclcenella

scMsticolor Zell.) as of economic importance in the United States is

found in the unpublished notes of Mr. Theodore Pergande ^ in the

files of the Bureau of Entomology, and refers to a number of lima-

bean pods sent in by Mr. Albert Koebele from Eldorado County,

Cal., on July 21, 1885. The larvae were reported as doing consider-

able damage to the bean crop in that region. They left the pods and,

if not full grown, entered other pods to continue feeding or, if full

grown, constructed slight cocoons in the bottom of the rearing jar

and pupated. Adults emerged September 2 and September 15.

A similar reference, ^ from the same source, refers to a number of

pods of Crotolaria incana collected by Mr. E. A. Schwarz at Cocoanut

Grove, Fla., on May 9, 1887, and sent to the Bureau of Entomology.

The larvae were eating the seed, and from these on May 16 an adult

emerged. From a second lot of seed pods from the same source

received on June 1, three more moths emerged on the 24th.

On May 2, 1896, a number of pods of Astragalus sp. were received

by the bureau from Mr. C. L. Marlatt,^ the material having been

collected at Neucestown, Tex., infested with larvae of Etiella zincl:en-

ella. On May 13 a braconid parasite issued, and on June 5 an adult

moth emerged.

A single specimen was received from Mr. E. E. Bogue,* of Still-

water, Okla., on August 17, 1896, which he had previously reared

from the seed pod of Crotolaria sagittalis.

Dr. F. H. Chittenden,'^ of this bureau, has published a paper on

this insect in which the records made by Mr. H. O. Marsh are incor-

1 Bureau of Entomology Notes, No. 3819.

2 Bureau of Entomology Notes, No. 4129.

3 Bureau of Entomology Notes, No. 7044.

< Bureau of Entomology Notes, No. 7173.

5 Bui. 82, Pt. in. Bur. Ent., U. S. Dept. Agr., p. 25, 1909.
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porated. Mr. Marsh found tho larvse attacking lima beans at Santa

Ana, Garden Grove, Anaheim, and Watts, in Cahfornia. At Garden

Grove they had destroyed 40 per cent of the crop.

SYNONYMY AND DISTRIBUTION.

The species Etiella zincJcenella was describecl by Treitschke * in

1832, and the variety E. zinclcenella schisticolor was described as

E. schisticolor in 1881 by P. C. Zeller ^ from two specimens, a mah*

and a female, collected from ''very different parts of North America."

The male was from California and was collected October 8, but of

the female he has nothing to say. He also refers to specimens of

E. zinclcenella examined by him from Sierra Leone, West Africa;

Madagascar; Honda, Colombia, South America; and "Carolina" in

this country. Later Rev. G. D. Hulst ^ redescribed this species

under the name Etiella villosa, and gave Colorado antl Califorina as

the habitat. Dr. H. G. Dyar in his catalogue gives Arizona as an

addition to the habitat.

The typical E. zincJcenella is represented in the National Museum
collection by specimens from Hampton, N. H.; Weekapong, R. L;

Key West and Archer, Fla.; Oxbow, Saskatchewan; Texas; Still-

water, Okla. ; and Denver, Colo. The variety E. zinclcenella schisti-

color is represented by specimens from Stockton, Utah; Springfield,

Idaho; Eldorado, Clairmont, Alameda, and San Diego, Cal.; Nogales,

Ariz.; and Pullman, Wash. It will be noted that all the specimens

of the variety were collected west of or in the Rocky Mountains.

Etiella zinclcenella schisticolor differs very slightly from the typical

form. It has a suffusion of gray scales on the primaries as its chief

distinctive character. A number of specimens from Florida, one

specimen from Rhode Island, and one from New Hampshire very

closely resemble the European specimens of E. zinclcenella.

A possible explanation of the above facts may be that the variety

schisticolor is a native of the Pacific slope of this continent, while tlie

forms found in the eastern United States are the typical E. zinclcen-

ella recently introduced into this country from the Old World or South

America.
FOOD PLANTS.

Larvse of Etiella zinclcenella luive been recorded as feeding on the

seed of several species of leguminous plants. In California (Eldorado

County) Mr. A. Koebele * found them doing considerable damage
to lima bfans and they were recently found by Mr. H. O. Marsh,^

of this bureau, working on the same crop in that State. Mr. E. E.

• Die Schmetterlinge von Europa, von Friedrich Treitschke, 9 Band, p. 201, 1832.

2 HorfB Societatis Entomologicae Rossicse, vol. 16, p. 177, 1881.

3 Ent. Amer., vol. 3, p. 133, 1887.

* Bureau of Entomology Notes, No. 48 K.
6 Bul. 82, Pt. Ill, Bur. Ent., U. S. Dept. Agr., p. 25, 1909.
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Boguo ' found the larva' in the seed pods of tlic common rattlcbox

{Orotolaria sagittalis) at Stillwater, Okla., and Mr. E. A. Sohwarz ^

found thom in tho pods of a tropical species of

this genus (Crotolaria incana) at Cocoanut Grove,

Fla. Mr. C. L. Marlatt ^ records finding the

larva^ in the seed pods of milk vetch {Astragalus

sp. ) . The}^ are also recorded by Herrich-Schaffer *

as feeding in the seed potls of Spartium junceum
near Vienna, Austria.

During 1910 and 1911 the author reared the

species from the pods of common lupines (Lupinus spp.) and Canada
field peas at Pidlman, Wasli.

DESCRIPTION.

THE EGG.

(Fig. 28.)

Egg glistening white, bluntly elliptical in outline and circular in cross section,

measiiring 0.58 mm. in length and 0.31 mm. in diameter. Chorion very delicate,

colorless, and with fine irregular corrugations on the surface.

Fig. 28.—The legume pod
inoth (^Etiella zinckenella

schisticolor): Egg. Great-

ly enlarged. (Original.)

Fig. 29.—The legume pod moth. Larva: a. Side view; 6, lateral aspcet of head; c, caudal segments;
d, pronotal shield, a, Enlarged: b, f, d, greatly enlarged. (Original.'

THE LARVA.

(Fig. 29.)

Full-grown larva from 12 to 17 mm. in length and from 2.5 to 3.5 mm. in diameter.
Head yellow, black patVh over ocellar area; mandibles and tip of labrum black;
five ocelli arranged in an anteriorly directed semicircle at base of antennae. Dor-

' Bureau of Entomology Notes, No. 7173.

- Bureau of Entomology Notes, No. 4129.

3 Bureau of Entomology Notes, No. 7044.

* Syst. Bearb. der Schmett. von Europa, vol. 4, p. 72, 1849.
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sum ruddy pink, except the pronotum (immature larvae are evenly pale green or

cream colored, with head and pronotal shield black or l)rown), the pleural and ven-

tral surfaces pale green or cream white. Head pale yellow. Tips of thoracic legs

and head ]>rownish yellow. Fi\-e pairs of prolegs situated on segments 3, 4, 5, 6,

and 9; the last pair can be retracted, so as to l)e almost in\-isilde. Pronotum yel-

lowish, with ]>rown or black markings as follows: Two medial pairs of dot patches,

the posterior pair nearly touching the posterior margin

and somewhat ol)long in outline, the anterior pair

upjiroaching the anterior margin and linear in out-

line, being for the most part made up of a single row
of dots; both pairs converging anteriorly, the anterior

rows forming a V. Posterior margin bearing four

l)ristles. Two pairs of l)ristles flanking the anterior

median patches of dots, the })osterior l)ristle in each

pair short.

THE PUPA.

(Fig. 30.

)

Pupa from 6 to 10 mm. in length, amber-yellow,

with the tip of the alidomen, the edges of the abdom-
FiG. 30.-The lesnmo pod moth: Pupa,

^^^^i segments, and margins of the wings outlined in

V)rown. Fourth, fifth, and sixth abdominal segments

each bearing a pair of short spines on the ventral surface. Abdominal segments 2 to 9

bearing well-defined brown spiracles. Terminal abdominal segment provided with

a transverse row of 6 hooked bristles and a })air of li])-shaped tubercles on its dorsal

surface.

THE ADULT.

(Fig. 31.)

"The adult expands 24-27 mm. Labial palpi russet-gray above, gray below. Max-

illary palpi yellowish, lirown on end. Head, collar and fore-thorax orange fuscous.

Thorax behind fuscous gray. Abdomen fuscous; fore wings mouse color, consisting of

bluish gray, overlaid partly with

fuscous. A broad white stripe

extending from base along costa

to apex. Extreme edge of costa

of ground color broadening out-

wardly just beyond middle and

fading away toward apex. A
dull yellowish basal stripe reach-

ing from white costal stripe to in-

ner margin, edged invVardly with

a row of maroon-brown scales, the

scales being longer than usual.

Hind wings fuscous, deepening

outwardly, with dark marginal

.'U.—The legume pod moth: Adult. Enlarged about 2i
diameters. (Original.)

line. Beneath even glistening, very light fu.-!cous." ( Hulst, Trans. Amer. Fnt. Soc,
vol. 17, p. 170, 1890.)

SEASONAL HISTORY.

On July 20, 1911, an egjj^sliell was found on tlie outer surface of the

calyx of a well-filled thouo;li still ^reen lupine seed pod. The larva,

which had evidentl)'" emero;ed onl}'' a few minutes before it was dis-
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covered, measured 1.2 mm. in leii<:;th and was found just inside the

j)()d at the terminus of a burrow which led from just in front of the

e«;g through the calyx and pod wall. The hole through which th(!

larva emerged from the eggsliell was terminal, round, and very neatly

cut. A few days later two eggs were found on the calcyces of field

peas; tiiese were brought into the irisectaiy but failed to hatch.

During late Jidy and early August, 1911, larvae in all stages of

development, from very small specimens, evidently just hatched, to

those which were mature and spinning cocoons, were found in both

the pods of field peas and lupines. The larvae on first emerging are

pale green or cream colored, the pronotal plate and head being

entirely black or brown; with the first molt the pronotal plate assumes

the characteristic pattern described elsewhere in this paper, but the

body does not assume the rosy tint as described until nearly mature.

The larvae feed for about three weeks, only partly consuming the

peas, as is seen in figure 32, destroying them as seed, besides greatly

reducing their weight as stock feed. The pod always contains a mass

of frass held to-

gether by a loosely

constructed web.

The larva will

leave one pod and

enter another if

the food supply is Fig. 32.—The legume po(

exliausted, or if

for any other reason the pod becomes uninhabitable. When mature,
if the peas are still unharvested in the field, it emerges from the pods
and enters the ground to pupate, or if the pods have been harvested
it spins a tough silken cocoon in the nearest available sheltered place.

Larvae that become mature during the warm weather of early

August, out of doors, or later under laboratory conditions, pupate
immediately and emerge as adults in about six weeks. Adults have
been obtained in our laboratory on August 5 and as late as August 28.

Whether these lay eggs which pass the winter successfully, or whether
they hibernate as adults, is still undetermined. Larvae that reach
maturity in late September, when the nights are cold, spin tlieir

cocoons and hibernate therein as larvae, ])upating in the spring and
emerging at the time the earliest lupines are setting seed.

On the lupines there are very probably two generations a year.

The moths of the first generation, coming from hibernating larvae,

lay all their eggs on the lupines, as the field peas are just commencing
to grow. The offspring of this generation mature late in July and,
finding the field peas ripening, very naturally turn their attention

to these large areas of suitable food as well as to tlieir natural food,

the later lupines.

29993°—Bull. 95, pt. 6—12 2

moth: Larva feeding in a pod of field pea.

larged. (Original.)

En
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Mr. C. L. Marlutt ' reared adults on June 5, 1896, from larvae that

were collected May 2 of that year at Nuecestown, Tex. Mr. Albert

Koebele - reared adults on September 2 and 15, 1885, from larvae

collected June 21 at Rattlesnake Bridge, Eldorado County, Cal.

Mr. Koebele also noticed the entrance holes of young larvae and the

exit holes of older larvae in the pod husks. He says, "The
larvfe * * * spun a web on tlie bottom of the jar in which they

pupated."

Mr. Theodore Pergande ^ received a number of larvae from Mr.

E. A. Schwarz collected at Cocoanut Grove, Fla., on May 9, 1887, and

on May 26 reared an adult from this material. More material from

the same source was received on June 1 , and on the 24th three more

adults emerged.

Mr. H. O. Marsh obtained adults from January 9 to Februaiy 25,

1909, from larvae collected October 22, 1908, at Anaheim, Cal.*

These observations indicate that two generations a year is char-

acteristic of this species, the adults of the first appearing in early

June and those of the second in September. The adults obtained in

Januar}' and February were reared under laboratorA' conditions, which

very probably accelerated their development. In the more southern

parts of its range this species may have more than two generations.

FIELD WORK.

July 21, 1909, wliile examining the seed pods of the common
lu])ine (Lupinus sp.) many were found to contain lepidopterous

larvae. In such pods the seeds were always more or less destroyed.

The pods also contained a mass of frass which was held together by a

loosely constructed web. A few days later, on examining the col-

lected nuiterial, several of the pods were found with newly eaten

lioles in the sides and two larvae were found with half their bodies

within fresh pods.

On August 7 one of tlie larvae, very plump, was found still in the

pod, it liaving in the meantime become suffused wdth a rosy color.

This larva had constructed a loose silken cocoon, through which its

body could be easily seen. Ten days later the larva pupated and

emerged as an adult (Etiella zinckenella scMsticolor) September 28.

In the rearing cages with soUd bases most of the larvae left the seed

pods and spun their cocoons among the litter and dirt in the bottom

of the cages. In cages with bottoms of earth the larvae always bur-

rowed 2 or 3 inc^hes below the surface to pupate.

On August 1, 1910, Mr. M. W. Evans, of the Bureau of Plant

Industry, told the author of a larva that he was finding in tlie field-pea

' Bureau of Entomology Notes, No. 7044.

- IJureaii of Entomology Notes, No. 48 K.

3 Bureau of Entomology Notes, No. 4rj'.t.

* Bill. 82, I't. Ill, Bur. Eat., V. S. Dept. Agr., p. 25, 1909.
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pods in his experimental plats at Pnllnian, Wash. On examining

some of these larva? it was foinid that they resembled those of Etiella

zinckenella schisticolor that had been found in lupine-seed pods the

previous 3'ear, difTering only in being larger, measuring about 17 mm.
in length, while those from lupine measured only 13 mm., due, with-

out doubt, to tlie difference in food plant.

Tlie following day a number of the larvae were collected from the

field-pea })ods and placed on earth in a flowerpot, into which they

immediately burrowed.

From a larva placed in a pill box an adult emerged on August 27 and

on the same day two moths emerged from the earth in the flowerpot.

EXPERIMENTAL WORK CARRIED ON DURING THE SEASON OF 1910.

In the spring of 1910 the Bureau of Plant Industry planted over

100 varieties of field peas at Pullman, Wash. These were planted

Fig. 33.—The work of the legume pod moth (upper row) compared with that of tlie pea

weevils (Bruehidae) (lower row). Enlarged. (Original.)

in plats 1 rod square, in order to study development and adapta-

bility of the various varieties under semiarid conditions. Mr. M. W.
Evans. has very kindly permitted the use of his field notes, and of

the crop when harvested from these plats, which has greatly facili-

tated this investigation. These notes indicated the time of planting,

the time the first flowers of each variety came into bloom, the time

of maximum blooming, and the time of last blossoms. The seed

harvested from each plat was kept in individual packages.

By actual count the waiter determined the percentage of damage to

each variety of field peas by these moths. The ''worms" do not

usually consume the entire seed, but so far destroy it as to render ger-

mination impossible. Seed thus damaged is easily distinguished from

that attacked by Bruchus. The latter makes a very smooth round

exit hole, while tlie former gnaws into the seed very irregularly.

(See fig. 33.)
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Figure 34 is a phiu of the oxporimoutal plats and shows very clearly

that the attacks of the pod moth were not restricted to any one part

of the field, but were more or less promiscuously distributed. The

plantings were made on a gentle slope, the upper side being to the

south, thus giving a northerly exposure. The vacant rectangle in

the center of tlie plan indicates a wheat-straw stack. All sides of the

field were bounded l)y grain fields, and the roadside was practically
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variations in percentage of (lania<;e under several variables are grapli-

icidly illustrated by diagrams.

Table I.

—

Record of experimental work on the legume pod moth for the season of 1910.

Plat No.
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which began blooming thning and after the last week in June were
decidedly the most seveiel}' attacked.

Figure 36 shows similar data on all varieties in full bloom at any
given time, besides very clearly showing that such varieties as were
in full bloom between the first and last weeks of July were the most
severely attacked.

71

Fig. .35.—Diagram showing maximum and minimimi damage done by the legume pod moth to varieties

of peas commencing to bloom on a given date in 1910. (Original.)

Figure 37 sliows similar <lata on all varieties wliich ceased bloom-

ing on any given date, and indicates that such varieties as liad

ceased blooming before the middle of July were only slightly damagetl.

As the time the plants are in full bloom is very evidently of the

greatest significance. Table II and figure 38 were arranged to sliow

the mean percentage of damage done to all varieties in full bloom

at any given time, which indicates very conclusively that varieties

which were in full })loom from the 1st to the mid<l]e of July are by
far the worst damaged l)y the legume pod moth.



THE LEGUME POD MOTH. 99

Table IT.

—

Mean percentage of damage done by the legume pod moth to all plats in full

bloom on a given date in the season of 1910.

Date of full bloom.

June 16

June 17

June 21
June 23
June 24
June 25
June 26
June 2^
June 30

Mean
per cent
of seed
damaged.

0.1
. 1

.0

. 1

.3

.0

.4

.3
1.0

Number
of plats.

Dulf of full bloom.

July 1.

July 3.

July 6.

July 9.

July 12

July 14

July 17

July 24

Mean
per cent
of seed
damaged,

2. 1

1.1

2. 3

5. 1

1.1

1.3

Number
of plats.
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tlie fourth side by a clean cultivated orchard. The plats were 1

square rod in area, as tliey were tlie year before, and separated from
each otlier by strips of oats 1 yard wide. Two plats of each variety

were planted side by side. (See fig. 39.) Plate X sliows a part of the

experimental plats used tliis season. The moths were not quite so

destructive this season as last, 2.5 per cent being the greatest damage
done to any variety tliis year, while in 1910 as high as 7.6 per cent

^
Fig. 37.—Diagram showing maxiiniiin and minimiun damage done by the legume pod moth to varieties

of pe.us which ceased to bloom on a given date in 1910. (Original.)

of one varietj" was destroyed. However, the results obtained are as

conclusive as those recorded last year.

Table III gives the data of this season's work and is self-explan-

atory. Table IV is arranged to show the mean percentage of damage
done to all ])lats which came into full bloom on any one date. Figure

40 graphically illustrates these results and very clearly shows that

varieties which were in full bloom prior to June 28 were practically

unmolested.



3ul. 95, Part VI, Bureau of Entnmnlnjy, U, S. Df-nt, nf Agriculture, Plate X.
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Table III.

—

Record of experimental work on the legume pod moth for the season of 1911.

Plat No.
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Table IV.— 3/Vo?? percentage of damage done by the legume pod moth to all plats in full

hloom on a given date in the season of 1911

.

I'ull bloom.

June 12

June 16

June 19

June 28
July 1.

Julys.
July .5.

Mean per
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PARASITES.

Two hymenopterous parasites were reared from tlie larvte of

Etiella zinckeneUa scliisticolor during tlie investigations at Pullman,

Wash., viz, Pseudapanteles etiellse Vier. and Microhracon hydopi Vier.

Dr. F. H. Chittenden ^ records having reared Bracon sp. (deter-

mined hy Yiereck) from Etiella scMsticolor on October 19, 1908, at

Santa Ana, Cal., and JMr. C. L. Marlatt - records rearing a braconid

from the larva of this moth at Nuecestown, Tex., on May 13, 1896.

REMEDIAL AND PREVENTIVE MEASURES.

The legume pod moth is readily controlled by preventive measures,

and for this reason there have been n,o experiments with remedies.

The transportation of the hibernating forms in sacks of seed, and the

consequent dissemination of the pest, may be prevented by fumiga-

tion of the seed with carbon bisulphid.

Owing to the presence of the native lupines, extermination of the

pest is impossible, but by planting such early varieties of field peas as

come into full bloom before the last week in June it may be practically

eliminated as a factor to be dealt with in seed growing in the Pacific

Northwest. The date of planting, however, will vary in different

localities and under different conditions.

1 Hill. 82, Pt. Ill, Bur. Ent., U. S. Dept. Agr., p. 2>S, 1909.

- Miireaii of Entomology Notes, No. 7044.



THE LEGUME POD MAGGOT.

{Pegomya planipalpis Stein.)

By James A. Hyslop,

Agent and Expert

.

GENERAL ACCOUNT.

About the middle of July, 1 909, a larger number of larvfe of Pegomya
planipalpis Stein were found leaving the j)ods of lupines that had
been placed in rearing cages. On the 28th two pupse were found in

one of the cages. Within the next few days many more larvae left

the pods and pupated. A number of these pu])aria placed in a glass

vial during the autumn of 1910 were kept in the field laboratory all

winter. May 1 1 of the following year the first adult emerged and
from that date others emerged daily throughout the remainder of

the month. By a number of experiments it was found that humidity

greatly facilitated the emergence of these flies.

These flies were first believed to be scavengers, feeding on the

frass and decaying seed of the lupine and field peas in the wake of

the legume pod moth. However, investigations in 1910 proved that

the insect, though often found with Rtiella, was quite capable of

independently infesting seed pods and was itself an actual seed de-

stroyer. Many ])ods were found to contain from one to three of these

larvae.

Dr. F. H. Chittenden,^ of this bureau, notes this species as attacking

radishes at San Francisco, Cal.

The larvae molt at least twice, as two pairs of ])haryngeal hooks
were found in a })od with one larva. Though several of these dipter-

ous larvae were found in field-pea pods with the head capsules of

larvae of the legume pod moth, we hardly believe this species to be
parasitic, as larvae confined in small vials with pod-moth larvae would
not attack the latter.

In cages with earth in the bottom the pupae were always to be
found below the surface at tUstances ranging from 1 to 3 inches. The
larvae contract just before forming a pu})arium. The puparium is

at first creamy 3'ellow, turning brown at the ends first and finally

becoming entirely ferruginous. A larva that contracted on the

morning of July 31, 1911, assumed the usual puparium form by 9.30

a. m. of the same day. It was still pale yellow, but by 2.30 p. m. it

had become brownish at the ends and deep orange-yellow at tlie

middle, while next morning the puparium was uniformly ferrughious

brown.

1 Bui. 06, Pt. VJI, Bur. Ent., U. S. Dept. Agr., p. 95, 1909.
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DESCRIPTION.

THE LARVA.

(Fi-. 41.)

Fig. 41.—The legume pod nia.ggol {Peffomya planipalpLt) . Larva: a. Side view; b, obliqiieaspect of head; c,

thoracic spiracle; d, e, pharyngeal hooks, lateral and dorsal aspect; /, dorsal aspect of caudal segment;

^, anal spiracle, a, Much enlarged; 6-(/, highly magnified. (Original.)

Larva cream-white, 7.9 mm. in length and 1.9 mm. in diameter. Broadly blunt

posteriorly, conically tapering to anterior end. Hook jaws black. At base of second

thoracic segment a pair of fan-shaped thoracic spiracles which are

pale yellow and ten-lobed. Anal spiracles on rather long papilli-

forni tubercles; spiracular orifices of each spiracle three in number

and arranged to form a letter T, the stem directed laterad and

slightly ventrad. Four small tubercles below the spiracles are ar-

ranged in a row across the end of the caudal segment, the outer

pair the larger. In front and to the side of this row is a pair of

larger tubercles and in front of this pair is a ring of twelve tubercles

around the segment; the two dorso-lateral and the two ventro-lateral

tubercles large and conspicuous, the others smaller. \'entral swell-

ings on segments 3 to 9, inclusive, armed with many small spinous

papillae.

THE PUPARIUM.

(Fig. 42.)

Puparium ferruginous, dark brown at ends,

finely wrinkled. Hook jaws of larva visible.

Fig. 4 2. — The
legume podmag-

got: Puparium.

Much enlarged.

,, ,. , . „ ,
(Original.)

( yhndncally oval,

Length 6.4 mm.; width 2.3 mm.
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THE PUPA.

(Fio;. 4S.\

White, head large, front jjrotruding. I-egs and wing pads free.

Third pair of legs under wing pads except tarsi.

THE ADl'LT.

(Fig. 44.)

The following: is a translation of tlie original de-

scription by P. Stein, published in the Berliner Ento-

mologische Zeitschrift, volume 42, page 234, 1897.

Pegomya (Chortophila) planipalpis. $ 9 • Size, shape, and color

similar to Ch. dlicrura Rd. Cinereous; eyes cohering closely on

inside, frontal triangular stripe practically straight, reddish; front Fig. 43.—The legume

and epistoma laterally moderately prominent, cinereo-rufous, peris- pod maggot: Pupa,

tome moderately broad, grayish; antennae l)lack, third joint twice as

long as second, base of arista thickened, very slightly pubescent.

Much enlarged.
(Original.)

FiCi. 44.—Tlie legume {X)d maggot: Adult male, enlarged; side of head of female, much enlargeii. (Original),

pali)i black, apex a little dilated; thorax cinereous, less so on the sides, median line

narrow and lateral stripes hardly perceptibly wider: abdomen elongate, depressed,

median stripe and incisures narrowly black; tarsi black; pul villi and imgues, the
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anterior ones moderately and the posterior one fili^lilly, elon<;;ate; wings nearly

hyaline, lontiitudinal veins 3 and 4 parallel, anterior cross-vein ])erpendicular and

nearly straijjht, costal spines small; squam* equal and white, halteres yellowish.

Female yellowish-jiray; eyes with frontal stri])e broad, dirty reddish, and quite

l)roadly separated witli yellowish <jray
;

])ul])i distinclly dilated at apex; thorax nearly

iminaculak'; abdomen oblonfj, median stri])e and small areas shininj; indLstinct yel-

lowisli brown: base (if winirs yciluwish. Si/.e $ ."i, 9 <; mm.

PARASITES.

PegoDtiia jilaiii jxilpis is a (tacked by two chalcidid j)arasitos. One
(Ilolasjns II. sj).) Ix'Iouo^s to a "jcnus of which there are two known
s|)ecies, Ilolaspis i)ar(llinaVK)\\. and //. /^r/yK/rcn's Thorns., recorded ' as

j)arasiticon C('cidomyias\>\i. The other parasite (not yet determined)

reared froin tlie h'iriiin<> pod mao^got is probably also new to science.

REMEDIAL AND PREVENTIVE MEASURES.

This maggot has not as yet become a serious factor in field-i)ea

seed growing in the Pacific Northwest. The dissemination as

hibernating ]Hi])aria can be readih' prevented by i'umigation. As is

the case with tiie legume ])od motli, it can not be exterminated because

of the native hi])ines.

1 Dallu Torre, ("atalogus Ilymenoptcrorum, vol. h, p. 2?tl, 1S98.

ADDITIONAL COPIES of this publication
-^i- may be procured from the Superintend-
ent OF Documents, Government Printing
OfTiCe, Washington, D. C. , at 5 cents per copy
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THE ALFALFA LOOPER IN THE PACIFIC NORTHWEST.

(Autographa gumma californica Speyer.)

By J. A. Hyslop,

Agent and Expert.

INTRODUCTION.

The first record of this motli of economic importance is an un-

published note by Mr. Theodore Pergande^ made June 29, 1895,

wherein he records having received from Mr. E. W. Baker, of Grand
Junction, Colo., a few specimens of the larvae of a Plusia, determined

on the note as '"''Plusia gamma ( ? )
," with the statement that the larva*

do much damage to the leaves and blossoms of alfalfa. Material was
not preserved, so actual specific determination is impossible. As
Plusia gamma L. is a European species, presumably it was P. gamma
californica Speyer, now known as Autographa gamma californica.

The depredations of this species have not as yet been sufficiently

serious to cause damage in the Palouse region of Washington and
Idaho, although its attacks on alfalfa and clover have attracted the

attention of man}^ ranchers. The larvae are usually very numerous in

the early spring and gradually increase in numbers until the first

hay cutting, when they appear to reach the maximum. They do not

seem to be inconvenienced by the removal of the hay crop, but imme-

diately turn their attention to the young second growth, on which

larvie are to be found throughout the summer until the early frosts.

The alfalfa looper in this locality has been held in check by a

number of parasites and a disease, but any change in environmental

conditions which might tend to reduce the efficiency of these natural

checks or accelerate the reproduction of these moths would undoubt-

edly cause a serious outbreak, such as occurs periodically with the

highly parasitized white-marked tussock moth, Hcmerocam'pa leu-

costigma S. & A. It does, however, offer an excellent illustration

of the statement, so often made, that many injurious insects are held

in check by their parasites. Such cases as the above justify the arti-

1 Bureau of Entomology Notes, No. 6692.
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ficial introcliiction of parasites as one of the efficient measures to be

taken in the control of a serious pest.

That Autographa gamma califomica may appear in enormous
numbers is evidenced by one of the earliest biological records on

this species. A note in the Bureau of Entomology files, made by
Mr. Koebele^ in 1886, states that on the morning of April 30 he

examined a mass of material collected from within an electric light

globe at Los xVngeles, Cal. Of 1,161 moths examined, 2,005 were

Autogra'pTia gamma califomica. He further states that the larvae

were numerous on a variety of plants. In anticipation of such an

outbreak the biological notes and other data at hand in this office are

herewith published.

DISTRIBUTION.

Specimens of this moth {Autographa gamrnia californica) in the

United States National Museum were collected in Los Angeles

County, Kern County, Placer, xVlamecla, and Fresno, Cal.; Colo-

rado ; Nevada ; Seattle, Pullman, and Easton, "Wash. ; and along

Kaslo Creek, in British Columbia. Mr. T. H. Parks, of this office,

has collected larvae of this species at Cokeville, Wj'o., and Idaho

Falls and Blackfoot, Idaho, in all cases feeding on alfalfa.

SEASONAL HISTORY.

This insect, in the Palouse region of Washington, passes the winter

as hibernating pupa and probably also as the adult moth, since

much-battered adults are to be seen early in the spring. Late in May
and throughout June the adults are to be seen in the alfalfa and
cloA'er, darting rapidly away when disturbed. They are active in

bright sunlight, feeding on the nectar from the clover and alfalfa

blossoms. The flight, though short, is very direct and so rapid as

to render the insect almost invisible.

May 2, 1887, Mr. Koebele^ records observing one of these moths, at

Alameda, Cal., ovipositing on JIalva rotundifolia at 3 o'clock in the

afternoon. Definite data relative to the length of the ^gg stage of

this species have not been obtained, though several female moths
were confined for that purpose. They fed greedily on sugar sirup

but refused to oviposit. However, Mr. E. O. G. Kelly, of i\\m

bureau, captured a female of Aiitographa brassica' Riley in an alfalfa

field at Wellington, Kans., on October 27, 1909. This moth died

the following day, after laying eight eggs. These began hatching on

November 2 and were all hatched the next daj'. This limits the

egg stage of Autographa hrassmr to seven days, and this is very likely

the time of incubation of the other species of this genus.

* Bureau of Entomology Notes, No. 95 K.
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Early in June the young larvae become numerous in the fields,

walking very much as do geometrid larva* or "measuring worms."

This is due to the fact that the larvae have prolegs on only the fifth,

sixth, and ninth abdominal segments. If disturbed they curl up
and drop to the ground, the older larvae lying there tightl}^ curled

np and refusing to move when irritated, but larvae of the second and
third instars when touched alternately straighten out and curl up
very suddenly, thus jumping about spasmodically. The larvae while

young feed upon the epidermis of the leaves, skeletonizing them and
giving to the attacked plant a brownish appearance. The older

larvjc—that is, after the third molt—eat from the edge of the leaf

toward the midrib, entirely consuming the leaves. The larval period

lasts about two weeks, there being five molts with periods of about

three days elapsing between each. When ready to pupate the larva

spins a loose white silken cocoon (PL XI, fig. 2) among a number of

leaves, usually well up in the plants, incorporating two or three

leaves in its structure. The larva completes the cocoon in about half

a day and, at least in the case of specimens reared in our insectary,

pupates the day following that on which the cocoon is completed.

The length of the pupal stage of specimens reared in our laboratory

was very uniformly 10 or 11 days. Dr. H. G. Dyar^ gives 12 days

as the length of this period, and Mr. Koebele - records the length of

the pupal stage as from 10 to 15 days. He gives an exact rearing

record ^ wherein he mentions a larva collected at Piedmont, Cal.,

February 24, 1888, which pupated on March 5, the moth emerging

March 22, making a pupal period of 17 days. Dr. F. H. Chittenden,

of this bureau, gives from 6 to 22 days as the pupal period of a

closely related species, Autographa brassicce.

Thus the time elapsing from egg laying until the adult emerges

covers a period of from 26 to 48 days, probably being about 30 days

in the Palouse country of Washington.

The first adults of the second generation appear in early July,

and adults continue quite numerous throughout this month, belated

individuals having been collected as late as August 3. There are

two generations, and probably three in the case of the earlier ap-

pearing individuals, and larvae in all instars are to be found in the

field as late as the end of August, but these very late larvae probably

succumb during the winter.

Mr. T. H. Parks, of this office, records finding the larvae of this

species about half grown in the alfalfa fields about Salt Lake City,

Utah, as early as May 22, in 1911. Larvae were found throughout

June. The first pupa found in this locality was obtained on June 5

1 Entomologica Americana, vol. 6, p. 14, 1890.
2 Bureau of Kntomology Notes, No. 95 K.
« Bureau of Entomolog.v Notes, No. 389 K.
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from a larva in one of the rearing cages. Mr. Parks records obtain-

ing an adult in his cages on July T, and observed another adult in the

alfalfa fields near the Salt Lake City Field Laboratory on August 2.

On August 23 one of these moths was found under a board lying

along a fencerow adjoining an alfalfa field near Salt Lake City.

FOOD PLANTS.

Mr. Koebele^ records the larva of this species as feeding on cab-

bage, barley, and elder {Samhuciis sp.) at Los Angeles, Cal. ; on

dock {Rumex sp.) at Piedmont,- Cal., and records collecting a

female while ovipositing and also larva? while feeding on Malra
rotundifolia at Alameda, Cal. "We have collected the larvse and
reared adults from red clover, alfalfa, and garden peas at Pullman,

Wash.

DESCRIPTIONS.

THE EGG.^

" Egg hemispherical, rounded at the base, the apex with a rounded depression.

Finely creased vertically; color pnle yellow."

THE LARVA.

First instar (?).—Body slender, pale creamy white, with Ions black hairs;

head consiilcuously large, shining blacli; thoi'acic legs blackish; only three pair

of prolegs, situated on abdominal segments 5. 6, and 9, prolegs coucolorous with

body. Length, l.S mm.
Second instar.—Body segments 7 and 8 enlarged, 9 small ; color pale green,

marked with cream-colored longitudinal lines as follows: A subdorsal line,

very fine and wavy ; a stigmatal line, broader, straight, sharply defined dorsally,

and fading out ventrally ; segments ornamented with transverse row of black

papillae bearing black hairs; head cream-color; tlioracic legs cream-color, with

tips of claws ferruginous. Length. ?, mm. to 5 mm.
Third instar.—Body papillae white, with black dots at base of hairs; three

longitudinal lines in subdorsal space, the more dorsal one fine, clearly defined

and wavy, the middle one broad and indistinct, and the third one about as

fine as the first but less wavy ; stigmata on first thoracic and first to eighth

abdominal segments, pale, with oval black margins, that on eightli abdominal

segment much larger than others; mandibles pale reddish brown; eyes with

series of six black dots arranged in a ventrally directed semicircle near the

base of the antennse. Length, 6 mm. to 9 mm.
Fourth instar.—Body darker green, papilhie in two transverse rows, the

papillae of one row alternating with those of the other ; head green, paler than

body, mandibles and paljM brownish; thoracic legs infuscate; marginal hooks

of prolegs ferruginous-brown. Length, 10 mm. to 14 mm.

* Bureau of Entoniolosj' Notos, No. 95 K.
' Rureau of Entomology Notes, No. .389 K.
3 Entomologica Americana, vol. 6, p. 14, 1890.
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The Alfalfa Looper and its Parasites.

F'S- I;—Cocoon cluster of Apantcles hyslnpi. Fig. 2.—Cocoon of alfalfa looper (Autographa gamma
californica). Fig. 3.—Larva of alfalfa looper with cocoon of Microplitis alaskcnsis. Fig 4 —Pupa
of alfalfa looper. Fig. 5.—Adult alfalfa looper. Fig. 0.—Adult alfalfa looper at re;t. AH enlarged
(Original.)

^ ^
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Fifth instar (fig. 45).—Body dark olive-greeu, dorsal edge of stigmatal line

opposed by au almost black line which fades into the general body color dorsally;

head brilliant green, mandibles and palpi brown, a black oblong patch on
posterior margin of eye extending from near median line almost to base of

mandibles ; thoracic legs almost black. Length, 21 mm. to 28 mm.

THE PUPA.

(PI. XI, fig. 4.)

"Pupa depressed somewhat above the wing cases at back of the thorax, the

eyes prominent, the tongue case iirojecting below the wing cases, forming a round
l)rominence over the first abdominal segment. The cremaster is short and blunt,

and the hooks with which it is furnished are fastened in the silk of the cocoon.

Wing cases slightly creased. Color brownish-black, but paler at the joinings of

the parts and between the abdominal joints. In occasional instances the whole
pupa is pale."

The above description of the hirval stages of this moth agrees in

substance with that published by Dr. 11. G. Dyar^ for this species

in California. The larvae, however, are not constant in the matter

of coloration. Adult

larvae were found with-

out the characteristic

black markings, while

others had the entire

head black. Some
larva* were of the same

pale-green color in the

fifth instar as in the

fourth, while others

were almost white.

That we had the first

instar is only an as-

sumption from the number of subsequent molts obtained. Dr. Dyar's

description of the pupa is used, as it agrees identically with those

found in the Northwest. The pupa is dark olive-green, with brown
shadings and pale intersegmental bands when first formed, but soon

becomes uniformly brown.

THE ADULT.^

(PI. XI, figs. 5, 6.)

The following is a translation of Speyer's original description:

Two California males from Moschler's collections differ from the European
gamma (which I can, however, only compare with native specimens) in the fol-

lowing points: The color of the dorsal surface of the forewings is a clear,

light-blue gray, except the punctuation which is rose colored or rust colored;

this is exhibited in all the gamma found here by me, and also in several dis-

tinct variations.

Fig. 45.—The alfalfa looper (Aiitorjrapha gamma call-

fornica) : a. Larva, dorsal aspect ; &, same, lateral

aspect. Enlarged 2 J diameters. (Original.)

1 Entomologica Americana, vol. 6, p. 14, 1800.

^Stett. Ent. Zeit., vol. :^Q, p. 164, 1875; syn : russea Hy Edwards.
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The gamma mark is somewhat differently shapetl : Both its upper arms di-

verge, thus cutting off a broader equilateral triaugle, through the upper

median border, between them. The outer arm of this figure forms at its inner

side an obtuse angle and is directed parallel Avith the hind edge (of the wing)

while in the European species it is more basally directed. The lower arm of

the gamma sign runs nearly horizontal. In this direction the black enclosed

part, supported by the two outer arms, is more snout-shaped while in the Ger-

man forms this form is approximately a rectangular space, rounded at its

apex. The ring spot is surrounded by a whitish margin, elongate, and inclined

very obliquely basally. The posterior diagonal band runs from the subcostal

to the inner branch of the median (branch 2), not in a smooth curve as in

gamma but in an unbroken straight line and is not so strongly curved basally

oiiposite the lower arm of the gamma sign as in the latter. On the under
sui'face, as in the French forms, the wings are clear white with, especially on

the forewings, sharp black mottlings. The remainder of the border of the

underside, as is also the color of the hind wings, is lighter colored than the

European forms. This form may be easily separate<l from moderately light

varieties in color and design by these important distiiactious—the gamma sign

and. the posterior diagonal band.

Whether we have to do with a distinct species, a local variety, or merely

an accidental variety, must be proved by more extensive comparisons.

Specimens of gamma from the Atlantic States, where they are said to be indig-

enous by Ituhordem, Koch, and Grote, I have not yet seen. They ai'e, when
the californica form is considered with them, spread over the whole northern

hemisi)here from Greenland to Abyssinia. They should be found even in New
Holland [Australia], cf., my Geographical Distribution of the Butterflies of

Germany, etc., Volume II, page 219.

PARASITES.

This moth is severely parasitized.. At the field laboratory in

Pullman, Wash., we obtained five hymenopterous and two dipterous

parasites and observed a disease during the seasons of 1909 and 1910.

On July 12, 1900, two small larvtr of the alfalfa looper, measuring

about 14 mm. in length, had contracted to 8 mm., became turgid, quite

hard, and changed to a rich ferruginous brown. On July 22 of

the same year two specimens of Rhogas autographed Vier. (fig. 46)

emerged. On close examination of this improvised puparium it is

found to be almost entirely made up of the abdominal segments 7 to 12

of the lepidopterous larva (see fig. 47) . The thoracic and anterior ab-

dominal segments 1 to 6 contract to form an almost black annulated

cap over one end of the puparium, Avith the transparent head shield

terminating this cap. Segment 13, bearing the anal proleg.s, termi-

nates the other end of the puparium and is also transparent. Seg-

ments 9 and 10 each bear the transparent skin of their respective

prolegs. The hair papilla? on segments 7 to 10 are pale and col-

lected in a darker elevated band around the middle of their respective

segments. The adult in emerging gnaws a smooth, circular hole

through the dorsum of the eleventh and twelfth segments.
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On July '20, 1901), a larva was observed with a cocoon fastened

between the middle and anal prolegs (PI. XI, fig. 3). The moth
larva was still alive, though unable to move from the cocoon, and died

the following day. On August 1 an adult hymenopteron, Micro-

Fig. 46. -RJiotjas aiiloijraphrr, a hymenopterous parasite of the pupal stage of the alfalfa

looper. Greatly enlarged. (Original.)

pUtis alaskensis Ashm., emerged from this cocoon. The cocoon

of this parasite (fig. 48, c) is pale green, 5 mm. long, cylindri-

cally ovoid, and slightly pointed at the anterior end. In emerging
the adult very neatly cuts a cap from the anterior end, this cap
often remaining fastened to the co-

coon hy a few threads. On August

12 another larva was foinid bearing

one of these cocoons, and on August

14 an adult parasite emerged.

MicropUtis n. sp., determined by

Mr. H. L. Viereck, was reared from

the larvae of these moths on June 28,

1910. This parasite spins a tan-

colored cocoon which measures 3.53

mm. in length (fig. 48, a).

Sargaritis icehsteri Vier. is one of the most numerous parasites of

the alfalfa looper at Pullman, Wash. The first specimen obtained

emerged on August 14, 1909. The following j'ear specimens emerged

June 21, July 5, and July 25. This species spins a cocoon (fig. 48, h)

Pic. 47.—Larval skin of alfalfa looper

from which Rhor/as auto(jraphw has
issued : «j Dorsal aspect ; 6^ lateral

aspect. Enlarged 6 diameters. (Orig-

inal.)
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which is bluntly oval, mottled with brown, and measures 6.53 mm.
in length.

On August 27 a dead larva of the alfalfa looper with a mass of

hymenopterous cocoons fastened to it (PI. XI, fig. 1) was found

in an alfalfa field in Pullman, Wash.
The cocoons Avere enveloped in a loose,

white, silken ball 18 mm. in diameter.

On August 29, 34 specimens of Apanfeles

hyslopl Vier. (fig. 49) emerged from this

mass.

Ameloctonus n. sp., determined by Mr.

H. L. Viereck, was reared from the larva

of this moth at Salt Lake City, Utah, in

1911, by Mr. T. H. Parks, of" this office.

The cocoon of the parasite was spun on

August 17, and the adult parasite emerged

on August 23.

One of the alfalfa looper larvae in the

insectary rearing cages started to spin a cocoon on January 11, 1909.

On examining the cocoon two days later it was found to contain

puparia of Flagia americana Van der Wulp, one entirely and one

partly within the dried larval skin. On July 23 one adult emerged.

Fig. 48.—Cocoons of alfalfa looper

parasites : a, Microplitis sp.

;

'b,S(ir{/(iritis icehstcri; c,Mifio-

plitis ulankensis. Enlarged 5
diameters. (Original.)

Fio. 49.

—

Apanteles hyslopi, a hymenopterous parasite of the alfalfa looper.

enlarged. (Original.)

Greatly

and on either July 24 or 25 another emerged (fig. 50). Several more
of these flies were reared, and the number that would emerge from a

larva was always directl}^ associated with the size of the larva. A
very small larva in our cages produced one fly, a medium-sized larva

two, and a full-grown larva produced five of these parasites.
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Two specimens of a dipterous fly, Phorocera saundersil Will. (fig.

51), were reared from a larva of the alfalfa looper on May 18, 1910.

Fig. 50.

—

Plagia amerlcana. a dipterous parasite of tlic alfalfa looper. Greatly enlarged.
(Original.)

Mr. Koebele ^ records having reared 14 parasitic flies from a single

larva of this moth at Los Angeles; but as the material is not now
available, determination is impossible. These were probably not

flies but Hymenoptera and very likely Apanteles hyslopi Vier. On

Fig. 51.

—

Phorocera .satiinlersii, a dipterous parasite of the alfalfa looper. Greatly

enlarged. (Original.)

the same note he also records rearing two flies from a larva of this

moth at Alameda, Cal.

On July 8, 1909, tAvo ants {Formica nifa ohscurlpes Forel) were

found at Pullman, Wash., dragging a young larva of this insect that

was alive and struggling.

^ Bureau of Entomology Notes, No. 95 K.
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Mr. T. H. Parks, of this office, also made a similar record near Salt

Lake City, Utah, on August 16, 1911, wherein he observed a " number

of large ants {Foi'wAca siihpoUta Mayr) dragging one of these half-

grown larva? to their nest in a field of alfalfa. The larva fought

to free itself but was finally overcome and killed by the ants."

DISEASES.

Early in July, 1909, many of the larvae in our rearing cages at

Pullman, Wash., were killed by a disease. First, they became slug-

gish and contracted, and then turned dark brown, often being reduced

to a black purulent mass. In other cases they became mummified.

Specimens of these diseased larvse were sent to Dr. Flora W. Patter-

son, Mycologist of the Bureau of Plant Industry, wdio reported

that while she could find no fungi, the specimens were swarming with

bacteria.

A note made by Mr. Theodore Pergande^ February 21, 1883,

records a fungous disease {Botrytis r'deyi), having been found para-

sitic on Plusia hrassica^, by Mr. W. G. Farlow, of Cambridge, Mass.

REMEDIES AND PREVENTIVES.

Attention has already been called to the fact that in this species

we have an illustra*^ion of the influence of natural enemies of a pest

in protecting the interests of farmers by keeping the insect so re-

duced in numlxn-s as to prevent injury to his crops. So effectually

was this being done in the case of the present species as actually to

prevent the conducting of experiments for warding off such injuries;

hence no recommendations can be given. The time may come, how-

ever, wdien these natural enemies may themselves suffer reverses and

temporarily fail to hold the pest in check; then the information here

given will become of the utmost importance as a basis for experi-

ments with restraining measures.

1 Bureau of Entomology Notes, No. 294"2.

ADDITIONAL COPIES of this publication
-iV may be procured from the Superintend-
ent OF Documents, Government Printing
Oflice, Washington, D. C, at 5 cents per copy
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Pegomya plan ipalpis 105-108

adult, description 107-108

description 106-108

general account 105

larva, description 106

parasites 108

pupa, description 107

puparium, description 106

remedial and preventive measures 108

Pei-ilitus n. sp.
,
jjarasite of Eleodes suturalis 85

Pha.sianua reevesi, enemy of Eleodes adults 84

torquatus 84

Pheasant, Chinese. (See Phasianus torquatus.)

golden. (See Chrysolophus pictus.)

Lady Amherst. (See Chrysolophus amherstx.)

Reeves. (See Phasianus reevesi.)

silver. (See Gennxu^ nychthemerus .)

Phillips, W. J., paper, "The Timothy Stem-borer, A New Timothy Insect

( Mordellistena ustulata Lee.)" 1-9

Phorocera saundersii, parasite of Autographa gamma califomica 117

Phrynosoma cornutum, enemy of insects 85

douglasii, enemy of Eleodes 85

Plagia americana, parasite of Autographa gamma califomica 116

Planesticus migratorius propinquus, enemy of Eleodes adults 84

Plover, field. (See Bartramia longicauda.)

killdeer. (See Oxyechus vociferus.)

PloAving, late, against false wireworms 86-87

under infested crops for destruction of chinch bug unsatisfactory

except in certain cases 39—40

Plusia gamnui californica=Autographa gamma califomica 109

Poa, hibernation shelter of chinch bug 35

Poa spp., probably food i>lants of Mordellistena ustulata 2

Polygonum aviculare, food plant of Eleodes letcheri vandykei 76

leaves, food of Eleodes adults 82

Pooecetes gramineus confinis 84

Potatoes, seed, food of false wireworms 82

Pscudapanteles eliellac, parasite of Etiella zinckenella schisticolor 104

Quiscalus quiscula leneus, enemy of Eleodes adults _ 84

Rattlebox, common. (See Crotolaria sagittalis.)
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Page.

Rhogan autographse, parasite of Autograpfia yamina cali/oniica 114

Rice, food plaut of Sphoiophoru.s callosus 55-56 59

Road-runner. (See Gcococcyx cali/ornicus .)

Robber fly. (See Erax lateralis.)

Robin, western. (See Planesticus migralorius propinquus.)

Rotation, crop. {See Crop rotation.)

Rumex sp., food plant of Autographa gamma calij'omica 112

Rushes, wild, hibernating shelter of chinch bug 33

Sage hen {Centrocercus urophasianus), enemy of false wireworms (Eleodes) 75

Sambucus sp., food plant of Autographa gamma rulifornim 112

Sargaritis vebsteri, [)arasite of Autographa gamma californica 1 15-116

Schizopi-ymfius philUpsi, parasite of MordclUstena ustulata 9

Sedge, Frank's. (See Carexfrankii .)

Shrike, California. (See Lanius ludovicianus gambeli.)

Sialia mexicana occidentalis, enemy of false wireworms (Eleodes) 76, 85

Skunk, enemy of Eleodes 85

Sparrow, \\estern vesper. (See Pooecetes gramineus conjinis.)

Spartium junceum, food plant of Etiella zinckenella schisticolor 91

Speotyto cunicularia hypogna 84

enemy of Eleodes 85

Sphcnophorus callosus 53-71

adult, description and life hisUjry 63-68

bureau notes 54-57

description and life history 59-68

distribution 57-58

egg, description and life history 59-60

food plants 58-59

history of species 54

injury by beetles ()7-68

larvie to corn 6 1-63

larva, description and life history 60-61

life history and description of stages 59-68

natural enemies 71

pupa, description and life history 63

recent investigations by Bureau of Entomology 68-69

related to Sphcnophorus maidis 53

remedial and preventive measures 69-71

Sphcnophorus sculptiiis Horn a synonym 54

cariosua, name incorrectly used for Sphcnophorus callosus 55

Sphenophorus sculptiiis Uhler a synonym 54

mmdis, adult, description and life history 20-22

comparison of larva with that of Sphenophorus callosiis. . 60

depredations, records 22

description and life history 16-22

distribution 15

compannl with tluU vi Sphenophorus callosus. 57

early records 11-12

egg, description and life history 16

food plants 15-16

generations, number 22

history of species 12-14
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Page.

Sphenophorus maidis, injuries since 1895 14-15

larva, description and life history ] 6-19

life history and description of stages 1 H-22

pupa, description and life history 1 9-20

related to Sphenophorus callosus 53

remedial measures 22

pertinax, name incorrectly used for Sphenophorus maidis 12

robu^tus, name incorrectly used for Sphenophorus maidis 1 1-12

sculptilis Jiorn=Sphenophorus callosus 54

Vhler^Sphenophorus cariosus 54

Sporobolus, hibernating shelter for chinch bug 35

Sporotrichum globuli/'rum (see also Fungi parasitic on chinch bug).

effect of dry weather thereon 32

experiments in inoculation of dead chinch bugs 47-48

live chinch bugs 48-50

fungous parasite of chinch bug 40-50

artificial introduction,

field studies 44-46

conclusions as to prac-

tical efficiency 50
Squirrel, ground. (See Citellus torvnsendi.)

Stalk-borer, lesser com. (See Biatrxa saccharalis.)

Stem-borer, timothy. (See Mordellistena ustulata.)

Straw in piles, hibernating place of chinch bug 33

Strychnia sulphate ineffective as repellent against false wireworms (Eleodes).

.

87

Sugar sirup, food of Autographa gamma californica moths in confinement 110

Tar, coal. (See Coal tar.)

Tetramorium ciespitum, enemy of Eleodes 85

Thrasher, curve-billed. (See Toxostoma curvirostre.)

Timothy, host plant of Mnrdellistena ustulata 2

stem borer. (See Mordellistena ustulata.)

Toad, garden. (See Bufo sp.)

horned (see also Phrynosoma cornutum).

(Phrynosoma doiiglasii), enemy of false wireworms (Eleodes) 75, 85

little horned, colloquial name for Phrynosoma douglasii 85

sand, colloquial name for Phrynosoma douglasii 85

Toxostoma curvirostre, enemy of Eleodes adults 84

Tripsacum dactyloides, food plant of Sphenophorus callosus 58

maidis 15-16. 21

Tumbleweed. (See Panicum capillare.)

Turkeys, Eleodes adults distasteful and not eaten 84

Tussock moth, white-marked. (See Hemerocampa leux:ostigma.)

Vegetable matter, decaying, food of Eleodes adults 82

Vetch, milk. (See Astragalus sp.)

Webster, F. M., paper, "The So-Called Curlew Bug (Sphenophorus callosus

Oliv.) " 53-71

Wheat, seed, food of Corymbites infiatus 74

Eleodes adults 82

Eleodes opaca 74

suturalis 74

false wirewonns ( Eleodes) 82
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Page.

Wiroworms, false (Eleocles), comparison with true wireworms (elaterid larva'). 73

distribution 75-76

food substances 82

historical 73-75

investigations in Big Bend Region of Washington. 76-78

natural enemies and parasites 84-86

of the Pacific Northwest 73-87

remedial and prev(uit ive measures 86-87

Woodpecker, hairy. (See Dryobates villosus.)

Lewis's. (See Asyndesmus lewisi.)

red-headed. (See Melanerpes erythrocephalus.)
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