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INTRODUCTION.

The grapevine loopor (Lygris diversilineata Hiibn.) * is an insect

enemy of the grapevine and Virginia creeper, causing injurj^ by

defoliating them. . It is one of a group of leaf-feeding caterpillars

known as geometrids, or measuring w^orms, of which the cankerworms

are among the best known. It has been known as a grapevine pest

for more than 70 years and occasional accounts of damage due to it

have been published, but hitherto accounts of its biolog}^ and seasonal

history, in particular, have been incomplete. The present paper is a

record of studies of its biology and control, conducted at North East,

Pa., in the Erie-Chautauqua grape belt during the seasons of 1916

and 1917.2
DISTRIBUTION.

The grapevine looper is found in northeastern United States and

southern Canada. In the literature of the species its occurrence

is noted from the folloAving States: Massachusetts, New York,

Illinois (4) ; ^ Maine, New Jersey, Pennsylvania, Michigan {8) ; Wis-

consin {10); and Missouri {18). It has also been recorded from

1 Order Lepidoptera, family Gcometridae.
2 The \vriter mshes to thank Mr. E, R. Selkregg for preparing abstracts of most of the literature cited

herein, Mr. J. K. Primm for assistance in Ufe-history studies in 1916, and Mr. J. H. Paine for preparing all

illustrations except Plates III, A, and IV, B.

' Reference is made by number (italic) in parenthesis to " Literature Cited," p. 14.
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Orilla, West Canada (4), and the provinces of Ontario and Nova

Scotia (15). The writer has collected it in the States of New York,

Pennsylvania, and Ohio.
FOOD PLANTS.

The grapevine was first recorded as a food plant of this species by

Guenee (3), and the Virginia creeper or woodbine by Saunders (5).

Vaccinium was given by Guenee as the food plant of his synonym

gracilineata (3). Packard (16) published a note by Riley which lists

as food plants the laurel, oak, elm, pear, apple, cherry, and the rose.

This note states further that the larvae entered the ground June 5, and

adults emerged November 9. Since this differs so strikingly from

the habits and duration of the pupal period of the species in question,

it is obvious that Riley's observations relate to another species. The

writer has observed it feeding on grapevines (Vitis spp.) and the

Virginia creeper (Partlienocissus quinquefolia)

.

SYSTEMATIC fflSTORY.

The grapevine looper was figured by Hubner in 1806 (1) as Petro-

phoraflava diversilineata and later (2) was transferred by him to the

genus Euphia. Guenee (3) placed it in the genus Cidaria. This

name is used interchangeably with Petrophora in practically all of

the literature following until Dyar (22) listed it as Eustroma diversili-

neata Htibn., although Comstock (19) and Hulst (20) had previously

used this nomenclature. Gumppenberg (17) placed both Petrophora

and Cidaria in synonymy with Lygris, and listed the species as

L. diversilineata Hiibn. This nomenclature has been followed in the

most recent check-list of North American Lepidoptera (26). The

generic name has been spelled Petrofora (10), but this is undoubtedly

a typographical error.

There is only one synonym of this species, L. gracilineata Guene^

(3). This was reduced to synonymy by Packard (8), but was later

given rank as a variety by Grote (11).

SYNONYMY.

1806. Petrophora Jlava diversilineata Hubner (1).

1816. Euphia diversilineata Hubner (2).

1857. Cidaria diversilineata (Hubner) Guene6 (3).

1857. Cidaria gracilineata Guene^ (3).

1890. Lygris diversilineata (Hubner) Gumppenberg (17).

1895. Eustroma diversilineata (Hubner) Comstock {19).

COMMON NAME.

This insect was first called the ''grapevine Cidaria" by Saunders

(12) and because of the wide distribution of his general work on fruit

insects this name is quite well known. After Cidaria became obsolete

as the generic name, Lugger (21) called it "the grapevine Petro-

phora." This generic name has also been superseded. A name
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descriptive of the larva, "the grapevine looper, "was first applied by-

Fletcher (15) in 1887, and "the grapevine geometer" was the name
used by Bethune (24) in 1907. Comstock (1,9) and Holland (£3) used

the name "diverseline moth." It would seem to the WTiter that the

most serviceable name for an economic insect would be one descrip-

tive of the destructive stage. For this reason he has followed Fletcher

in using the name "grapevine looper." Tliis is also the oldest name
in use except that proposed by Saunders, which has become obsolete

because of the change in the generic name.

ECONOMIC HISTORY.

The grapevine looper was fii-st recorded as a pest of economic

importance by Saunders (6) in 1870, and in following years was
referred to by him and his colleagues as destructive in Ontario (7,

12, IS, 24). Damage done by this insect not only to hardy grapes

but particularly to grapes under glass is recorded by Hoy (10). It

is referred to as an economic insect in Illinois (9, 13), and is men-
tioned by Hartzell (26) in his report on grape insects in New York.

DESCRIPTION OF STAGES.

THE EGG.

The egg (PI. I, A, B) is elongate ovate, with one end rounded and considerably

wider than the other. The small end, which forms the micropyle, is flattened and
has a scalloped rim encircling it. The shell surface is reticulate Avath irregular hex-

agonal areas, which are particularly conspicuous on the "rim" of the micropyle.

The color is pale greenish yellow when first deposited, becoming lavender in about

two days. Length 0.75 mm., greatest diameter 0.42 mm., diameter of micropyle

0.30 mm.

In a week or 10 days after the eggs are deposited they become
somewhat depressed on the upper side. The shell is very durable

and, even after the hatching of the egg, remains without breaking

or shxinking for several weeks.

THE LARVA.

The larva (PI. II) is very elongate and slender, the total length being about eighteen

times greater than the greatest breadth. In general it is cylindrical, as tapering

toward either end is slight. The head is flattened in front and strikingly bilobed

dorsally, each lobe being bluntly pointed. The thorax and abdominal segments

7 to 10 are very short, while abdominal segments 1 to 6 are very long, making up
three-fourths of the entire body length. The dorsal plate of the tenth segment is

paraboloid, and two elongate processes from the ventral part of the segment protrude

under it. Only the last two pairs of prologs are present; the first of these, although

belonging to the seventh segment, appears to arise between this segment and the

sixth. This pair of prolegs is large and fleshy, while the pair arising from the tenth

segment is wide, flat, and straplike.

The color is usually a pale green with pink or reddish markings. The extent of

these markings varies and, while most frequently they are confined to the legs and
a median ventral stripe, occasional larvae are nearly all of some shade of red. Super-
ficially the larva appears to be naked, but there are fine set;e on every segment.

Mature larvae have a total length averaging 37 mm. and a head width averaging

2.05 mm.
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Larvae of all instars are practically alike in structure, except that

the head is less distinctly bilobed in the earlier instars and not at all

in the first instar.
THE PUPA.

The pupa (PI. IV, A, B) is slender; itsgreatest width is at the thorax and it gradually

tapers anally. The wing covers extend to the middle of the fourth segment. At the

tip of the anal segment is a cremaster which bears four pairs of strong coiled hooks.

The color is light green throughout, except the cremaster, which is flesh colored.

Superficially the pupa appears to be naked, but under a high-power lens setse are

found on all segments except the last.

THE ADULT.

When Htibner (1) named this species he figured the adult (PI. IV, C)

in water colors, but gave no description. The following description

of the adult is copied from Packard (8)

:

30 c? and 10 9-—Palpi long. Fore wings falcate; outer edge almost angular.

Hind wings slightly scalloped. Body and wings of a imiform ochreous-yellow; palpi

dark in front of the head, tipped with dark-brown. Fore wings imiformly ochreous;

a curved, basal, rust-brown line, denticulated on the veins; beyond, two parallel,

more distinct, concolorous lines, the inner a little wavy, directed obliquely to the

inner edge; the outer makes a right angle in the submedian space, crosses the inner

line, forming a broad, triangular enclosure on the inner edge of the wing; beyond

is a broad space, just beyond the middle of the wing, usually filled in with a pm-plish-

brown tint, disappearing before reaching the costal space; sometimes there are two

central lines in this space, converging a little below the median vein and forming

large ringlets; this mesial space is bounded externally by a dark, rust-brown line,

which ends at the same distance from the base of the wing both on the costa and inner

edge; in the first median space it forms a large, sharp projection; beyond is another

concolorous line, which curves inward to where it is usually (not always) interrupted

by the projection of the other line, and thence goes straight, though zigzag in its

course, to the inner edge of the wing; a similarly colored more or less zigzag, oblique,

apical line extends to the middle of the wing, opposite the projection; the edge

beyond the lines either clear-yellow or filled in with lilac-browTi ; a small discal dot.

Hind wings clear, a little paler than the fore wings, with a faint discal dot, sometimes

absent; in the outer third of the wing an angulated, faint, violet-brown line, edged

externally with silver, a heavier, diffuse, shorter, submarginal, dark-brown, zigzag

line, with a slight violet tinge; the space between this and the wing suffused with

violet-brown, extending only toward the middle of the Aving, or sometimes passing

beyond toward the apex. Beneath, the wings are yellow ochreous, speckled,

especially on the hind pair, with coarse, violet-browTi specks. Fore wings clear

when covering the hind ones, with three costal spots, the third in the middle of the

costa; beyond, the angulated outer line is reproduced; apical, oblique line distinct,

with a violet-brow-n cloud below. Hind wings with three regularly-scalloped lines;

the margin of the wing broadly clouded with violet-browTi. I.egs yellow; joints

tipped with violet-brown. Abdomen yellow, tinged above with rust-brown.

Length of body, d 0.60, 9 0.50-0.60 * * *; expanse of wings, ^ 1.30-2.10,

9 1.35 inches.

LIFE fflSTORY AND SEASONAL HISTORY.

The immature stages of this msect have been known since 1876

(8), but data regarding other biological phases have been meager

and some misconceptions have arisen. Saunders (6) first sketched

its seasonal history. He recorded the occurrence of larvae in the
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The Grapevine Looper.

Eggs on grape canes, showing (A) end view and (i?) side view.
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Work of the Grapevine Looper.

^, Grape leaf being devoured by fifth-stage larva; B, grape leaf shnwiiig arnun! edges typical

feeding niarl^s of early stages of the looper.
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spring and of moths in June aiul August, and stated tliat probably

eggs are deposited in the fall, produce larvai which attam full growth

before winter, and after hibernation "resume their destructive

labors with the opening of spring." In the following years a number

of authors repeat, without any qualification whatever, that the

grapevine looper is two-brooded and hibernates as an immature

larva. Forbes (13) recorded the collection of lai'\^8e September 13 in

southern Illinois and concluded that it is two-brooded in that lati-

tude. Packard (8) stated that perhaps this insect is two-brooded

•in Texas, but he apparently regarded it as smgle-brooded farther

north.
STUDIES AT NORTH EAST, PA., IN 1916.

Life-history studies of the grapevine looper really began in the

smnmer of 1916, although miscellaneous obser^-ations had been

made during the two precedhig seasons. The attempt was first

made to rear several hundred larvae in battery jars, but with large

numbers crowded together the mortality was very high. It was

finally found best to isolate them in large shell vials. This method

was followed altogether in the handlmgof larvae m 1917, although

it necessarily limited the number that could be studied. Adults

were caged in battery jars.

The studies were begun with collected larvae for the purpose of

learnmg the duration of the pupal period and the time of emergence

of moths and securmg eggs for the next generation. These data

are given in full in Table I.

Table I.—Records of pupation and eclosion of moths of the grapevine looper, North East,

Pa., 1916.

Number
of indi-

viduals.
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ECLOSION OF MOTHS.

Transformation of pupae to adults occurred during the period from

July 19 to August 8, the majority of them having appeared by
August 3. The dates of eclosion are shown in Table I.

HIBERNATION IN THE EGG STAGE.

By miscellaneous rearings in the season of 1915, the writer had
learned that moths of this species appeared in midsummer, and ac-

cording to most of the available information the insect was two-

brooded. Consequently the eggs secured in cages were expected to

produce a second generation in 1916. There proved to be only one

generation, however. When the eggshells appeared to give way and

the eggs became depressed (see description of egg) , it was feared that

they were infertile and a persistent search for second-brood larvae in

vineyards where the first brood had been abundant was begun. Not
a single larva was found, nor did a single egg hatch that season, al-

though it was shown by hatching records the following season that

practically all of the eggs were fertile.

STUDIES AT NORTH EAST, PA., IN 1917.

The time of hatching of larvae in 1917 and the time of occurrence and

duration of the larval, pupal, and adult stages are given in Table II.

Table II.

—

Dates of hatching and of occurrence and duration of stages of the grapevine

looper, North East, Pa., 1917.

Number of in-

dividuals.
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Tabi.k II.—Dates of hatching and occurrence and duration of stages of the grapevine

looper, 'North East, Pa., :?9i7—Continued.

Number of in-

dividuals.
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DURATION OF FIRST LARVAL STAGE.

The duration of the first larval stage of 72 individuals reared

varied from 8 to 12 days with an average of 9.19 days. These data
are shown in Table IV. Records of this stage cover the period from
June 2, the earliest recorded date of hatching, to June 24, the latest

recorded date of passing the first molt.

Table IV.

—

Duration of first lar-

val stage of grapevine looper,

North East, Pa., 1917.

Table V.

—

Duration of second lar-

val stage of grapevine looper,

North East, Pa., 1917.

Number
oflarvse.
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DURATION OF FOURTH LARVAL STAGE.

The duration of the fourth larval

stage, of 65 individuals reared, varied

from 6 to 17 days, with an average of

9.71 days. These data are summarized
in Table VII. The total period during

which larvae of this instar were recorded

extended from June 26, when the earliest

larva molted the third time, until July

19, when the latest larva molted the

fourth time.

Table VII.

—

Duration of fourth
larval stage of grapevine looper.

North East, Pa., 1917.

Number
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this period extended from July 13, the earliest recorded date of

pupation, to August 12, the latest recorded date of eclosion of an

adult—exactly the same length of time as recorded for 1916.

ECLOSION OF MOTHS IN 1917.

Eclosion of moths in 1917 extended from July 24 to August 12,

with the height of the period about August 2. The dates of eclosion

of moths reared are given in Table 11.

There is one generation annually in the Erie-Chautauqua grape

belt, winter being passed in the egg stage. Insectary records in

1917 show that eggs hatched from June 2 to June 15 inclusive.

Field observations, while indicating that a few individuals may have

hatched a week or more earlier, showed that the great majority of

the eggs must have hatched during the first two weeks of June, con-

firming the insectary records. The hatching of larvae in numbers

occurred about three weeks before the grape blossoming period in

1917. The duration of the feeding period of most larvae was from

6 to 7 weeks, averaging 46.12 days. Preparatory for pupation the

larva secures itself by a loose web spun on a fold of a leaf or grape

cluster. Two days are spent as prepupa and about 10 as pupa.

The moth emerges in midsummer and deposits eggs which hatch the

ensuing year.

It should be noted that the season of 1917 was a very late one, the

grape blossoming period being about three weeks later than usual.

It might be expected, therefore, that in a normal season the larvae

would hatch in considerable numbers in May and the earliest moths

might even appear in June.

HABITS.

LARVAL HABITS.

As they hatch the larvae eat out the micropyle and emerge from

the egg, leaving the shell apparently as it was before. The newly

hatched larvae promptly migrate, scattering over the cane or vine on

which the eggs happened to be placed. They are strictly soHtary

in habit and resent crowding. When two larvae accidentally come

in contact one is apt to strike viciously at the other, swinging its

entire body in front of the prolegs like a whip and often knocking the

intruder off the leaf. If both larvae have a secure foothold a duel is

apt to follow. In cages the writer has observed instances of canni-

balism but this does not seem to be common. Because of this

solitary habit seldom more than two or three are found on a single

grape leaf. If crowded in cages the mortality is very high.

The grapevine looper progresses by the alternate measuring and

looping movement characteristic of members of this group. It ex-
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tends its long body to secure a foothold as far forward as possible

and then looping the body upward brings forward its prolegs at the

anal end of the body to secure footing immediately behind the

thoracic legs. Among the earlier stages locomotion is very delib-

erate. The young larva precedes each forward extension of the

body by raising the anterior part and swinging it in one direction or

another as if to determine where the next step may safely be taken.

In newly-hatched larvse this preliminary movement is greatly exag-

gerated, and when a number of them migrate simultaneously along a

cane they present a very ludicrous appearance, vigorously waving

their long threadlike bodies to and fro before each looping movement.

The prolegs are the locomotor appendages most depended upon,

and when the larva is stationary the thoracic legs are used but little.

So muscular are the prolegs that onfe has difficulty in loosening their

grasp upon a leaf-stem without causing injury to the larva itself.

The larva may be made to fall if surprised when feeding, and when

this is done, it seldom catches itself by a thread of silk as do the

cankerworms.

When at rest or disturbed the older larvae, in common with others

of the group, have the habit of holding the body rigidly at an angle

to the cane or stem on which they happen to be situated, depending

entirely upon the prolegs for maintaining their hold. (PI. II.)

When in this position a larva may be mistaken for a grape tendril

or leaf-stem, so that the habit is supposed to have some protective

value. This habit is less characteristic of the younger larvse, which

when alarmed usually hold their body in a curved position instead of

straight.

The dependence of the grapevine looper upon its prolegs for footing

has modified its feeding habits, particularly in the earlier stages.

Usually it grasps the edge of the leaf with its prolegs and extends its

body over the upper surface toward the center of the leaf, eating the

upper epidermis and parenchyma. As a result of this feeding habit

a leaf attacked by one of these larvae is marked by a series of whitish

patches on the upper surface extending around the edge and about

the same distance within. (PI. Ill, B.) This characteristic location

of the feeding marks readily distinguishes the work of this larva from

that of any other pest of the grape with which the writer is familiar.

However, if their position on the leaf is not taken into consideration

the marks left by the small larvae of the first instar may be mistaken

for those of flea-beetles, while the large patches left by large larvae

might be mistaken for those of other grape-feeding Lepidoptera, as

the eight-spotted forester {Alypia octomaculata Fab.) or beautiful

wood nymph (EutJiisanotia grata Fab.).

Larvae of the fifth instar, and often of the fourth, feed at the edge

of the leaf, stripping all but the stems and larger veins. (PI. Ill, A.)
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The time of this change in habit depends upon the texture of the

leaf. It is in this stage that most of the damage is done.

The grapevine looper is largely crepuscular or nocturnal in its

feeding habits. By day the majority of the larvae hide on the under-

side of the leaves, holding to the midrib or larger leaf-veins. At this

time of the day an inexperienced observer might have trouble finding

many larvae in a vineyard in which they were abundant. In the

evening, however, just before dusk, practically all larvae are feeding

or moving from one leaf to another, and at this time they are readily

found.

The larva does not make a cocoon, but spins a loose web (PI. IV, B)

which serves to hold the pupa in place. The pupal stage is passed

in a leaf fold or in a grape cluster.

ADULT HABITS.

The moth is an active nocturnal flyer and is strongly attracted by
electric lights. The writer has taken specimens at his desk lamp,

which entered the room through an open window, and has frequently

collected them at street lights. By day they rest on the underside

of a leaf or cane and in this position have a curious habit of curling

the abdomen dorsally so that it may nearly touch the dorsal sm-face

of the head.

Oviposition occurs the day of emergence and may continue for

two or three days, the length of life of the female. The number of

eggs secured in cages from 22 females averaged 33.5 each. The moths
oviposit readily in battery jars and are quite easily moved from one

cage to another.

Eggs are deposited on their sides in more or less crescent-shaped

rows of 8 to 12, the smaller ends being on the inner face of the

crescent. Sometimes a second row is placed behind the first. In the

vineyard they have been found only on the older vine growth and

usually under strips of bark. In cages they may be placed almost

anywhere, as on leaves and on the sides of the cages.

ECONOMIC IMPORTANCE.

The grapevine looper is a minor pest of the grapevine and as far as the

writer has observed it has never caused serious injury except to grape

arbors and garden vines. Of the minor pests which the %vriter has

encountered in this region it is by far the most abundant, being

present in much greater nmnbers than such well-known pests as the

grapevine flea-beetle and the eight-spotted forester. It occurred in

practically every vineyard, although in small numbers in those

carefully sprayed for major pests. Its presence is usually unknown
to the grower because of its habit of hiding by day and of the solitary

habit which prevents conspicuous injury unless it is very abundant.
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Even when partial stripping of the vines occurs it is usually attrib-

uted to some other cause. This insect should be regarded as a

potential source of danger to the grape industry, which may at any

time become destructive. It is also of importance in that its presence

makes spraying to control the major pests of the vine more than

ever advisable, since these measures incidentally hold it in check also.

CONTROL.

"Syringing" the vines with hellebore was the first remedial meas-

ure recommended {6) for the control of the grapevine looper. Since

then tb3 use of Paris green and arsenite of ammonia {18) have been

recommended. These insecticides are now superseded by arsenate

of lead, and this poison was used exclusively in experiments con-

ducted at North East, Pa., during the season of 1917.

The amount of poison necessary to kill the grapevine looper was
determined by spraying tests with various amounts. It was found

that 1^ pounds of arsenate of lead, powdered (equivalent to 3 pounds

of paste) to 50 gallons of liquid was the minimum strength that would

kill larvae in all stages. Small proportions of poison would kill very

small larvae, but since there are apt to be some large larvae on the

vines before defoliation is serious enough to attract attention, it

would seldom be advisable to use a weaker solution.

The liquid used may be water, or Bordeaux Mixture if it is desired

to control fungus diseases at the same time. The time of application

can best be determined by the presence of the caterpillars.

As previously indicated, a spray application directed primarily

against the grapevine rootworm and the grape-berry moth, immedi-

ately after the grape blossoms have fallen, incidentally controls the

grapevine looper. In spite of the fact that some of the looper larvae

are well developed at this time, the poison is sufficient to destroy all

stages of the pest and prevent it from becoming abundant the

following season. It should be remembered, then, that work properly

done to control the rootworm and berry moth also controls the

grapevine looper without additional expense.
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INTRODUCTION.

The grapevine flea-beetle {Altica chalyhea 111.) is a grape pest

which, in the period of its most destructive activity in early spring,

eats out the swelling buds, causing severe injury in restricted locali-

ties. It is one of the best known and most widely distributed of the

insect enemies of the grape. No other is the source of so many com-

plaints to the Bureau of Entomology, and American entomological

literature is full of references to it. In general its life history is well

known, yet, in spite of this, occasional discrepancies occur in ac-

counts of its life history that have never been reconciled with the

usually recorded observations. These discrepancies are usually

disposed of by attributing them to the variation of individual beetles.

A study of the life history of the grapevine flea-beetle was under-

taken by the writer during the season of 1916 for the pm-pose of

comparison with that of a smaller flea-beetle also attacking grape.

A close similarity between the smaller beetle and the typical species

was noted, but the differences, particularly in seasonal liistory and

habits, were so well marked and so constant that the writer was
lS33°-20 1
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surprised when the smaller beetle was determined as ' 'Altica chalyhea

111., small form." When it was noted that the seasonal history and

habits of the typical flea-beetle conformed quite closely with those

usually ascribed to it, particularly by Slingerland (19) ^ and Hartzell

(28, 24), and that those of the "small form" coincided with the

discrepancies mentioned above, the writer became of the opinion that

two economic species had been masquerading under a single name.

The existence of two species instead of one had long been suspected

by Mr. E. A. Schwarz, who determined the reared material, but in

the absence of biological data which would differentiate them he

had not previously thought it advisable to erect a new species.

It is obvious that the confusion of two pests that are similar but

have different seasonal histories may lead to a serious confusion in the

application of remedial measures. It is, therefore, the purpose of this

paper in the account of these two species, Altica chalyhea 111. and A.

woodsi, herein described as new, to give particular attention to

structure and habits by which they may be distinguished. Where
each species must be treated separately, the typical grapevine flea-

beetle, being the one generally known, is first considered, and the

"small form" is then compared with it. The data presented are

based on rearing records and field observations made at North East,

Pa., during the seasons of 191G and 1917 and miscellaneous field

observations during the two seasons previous.^

HISTORY.

There are over 135 references to the grapevine flea-beetle in the

literature of American economic entomology, a larger number of

references than to any other American grape insect except the grape-

vine rootworm (Fidia viticida Walsh). Since 1859 there has been at

least one reference to it each year except during the years 1866, 1873,

and 1875. Host of these references no doubt apply to the typical

form.

The grapevine flea-beetle was first described in 1807 by Illiger

(1), who named it Haltica chalyhea. It was again described by Le

Conte (2) as Galeruca janthirM and later by Thomas (3) as Ohrysomela

vitivora. Harris (5) in 1835 placed C. vitivora Thomas as a synonym
of H. chalyhea 111., and the same year Herrick (4) showed that

G. janthina. Lee. was a synonym of the same species. In most of

the recent literature relating to this insect it has been designated

imder the generic name Haltica. Woods (25) has recently shown

that the original spelhng Altica should be used instead of the

amended form Haltica.

1 Reference is made by number (italics) to "Literature cited," p. 26.

2 During the season of 1916 the writer was assisted by Mr. James K. Primm. The writer is further in-

debted to Mr. J. H. Paine for the photographs used in Plates II and III and to Mr. H. K. Plank for the

photograph used in Plate IV.



GRAPEVINE FLEA-BEETLES. 3

In the first account of the habits of the grapevine flea^beetle,

Thomas recorded the destructiveness to grape buds by the adult,

the feeding upon leaves by the larvae, and the transformation through

the pupal stage in the soil. Regarding these habits there has been

practically no disagreement by succeeding authors. Conflicting state-

ments have been frequently made, however, regarding the number of

generations a year, the place of oviposition, and food plants.

Harris (6) outlined the seasonal history as follows : The emergence

of adults from hibernation in April, followed by the development of

immature stages, gives rise to another brood in July that are to pass

through the ensuing winter. Harris called the brood of adults

emerging in July a "second" brood, but he clearly meant that only

one brood was produced annually. Harris's observations have been

upheld by subsequent investigations, notably those of Slingerland (19)

and Hartzell (23, 24), who have made the most thorough studies of

the insect. Kirkpatrick (9), however, says that there are several

generations annually, and the statement that there are two or more

broods has been frequently made by subsequent wTiters. Lowe (20)

states that there is a partial second brood in New York. Slingerland

(19) offered a reason for inferring the existence of a second brood by

quoting correspondence with Lowe m which the latter stated that he

had found a beetle of this species ovipositing as late as July 15. At
that time many newly transformed beetles were emerging while the

overwintering beetles had disappeared before the last of June. Slm-

gerland explained this unusual record of Lowe's as a record of an

exceptionally late emergence of a tardy individual.

Riley (10) first stated that the eggs were deposited upon the leaves,

and for nearly 30 years this was the generally accepted belief and

was frequently copied by subsequent ^Titers. Accompanying his

statement of the place of oviposition he describes the eggs as " orange"

and ''like those of the potato beetle," making it seem probable that

he had observed the eggs of some other insect. Comstock (12), m
the most complete account of the insect up to that time, also stated

that the eggs were found upon the leaves, either on the upper or

lower side, and gave authority to his statement by accompanying it

with an accurate description of the general appearance of the egg,

and stated that it was "straw colored" and averaged 0.65 mm. in

length. Marlatt (18) also referred to them as occurring on the

leaves, but on the undersides only, Slingerland (19) stated that the

eggs were usually found in groups under bud scales and strips of

bark, and this observation was confirmed by Hartzell (23). Both

investigators state that eggs may occasionally be fomid on the leaves.

Hartzell describes the eggs as orange or saffron colored and with an

average length of 1.03 mm.
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The grapevine flea-beetle has been recorded as feedmg on various

plants, hicluding the following: Grape (Thomas, 3), black alder

(Harris, 7), plum and elm (Fitch, 8), Virginia creeper (Saunders, 11),

apple and qumce (MacMillan, 14), peach (Neal, 16), and blue beech

(Schwarz, 17).

Of these food plants only three have been frequently listed, viz,

the grape, the Virginia creeper, and the black alder. It was sug-

gested by Lintner (13) that records of feeding upon black alder were

probably due to a confusion of this species with A. himarginata, the

alder flea-beetle, which closely resembles A. chalyhea. This view was

confirmed, at least so far as Harris was concerned, by Slingerland (19),

who foimd in Harris's entomological correspondence evidence that

Harris's later studies convinced him that the alder flea-beetle and

the grapevine flea-beetle are separate species. Hartzell (24) lists

only cultivated grape of the Concord variety and the wild grape

(Vitis hicolor) as food plants.

Slingerland (19) records a difference of opmion among growers as

to what varieties of grapes are most seriously attacked by the grape-

vme flea-beetle, some correspondents statmg that the flea-beetle pre-

ferred Concord foliage and others that it preferred the thin-leaved

varieties.

In addition to the references designatmg the grapevme flea-beetle

as A. chalyhea 111., Lugger (21) describes the habits of an insect

which he caUs "the lesser grapevme flea-beetle," and believed to be

A. ignita 111., the strawberry flea-beetle. He describes the habits

as similar to those of A. cJialyhea, the only difference noted bemg

that the former was little more than half the size of A. chalyhea. It

is quite possible that the insect referred to was the "small form" of

the grapevine flea-beetle.

In discussing the "ignita group" of the genus Altica, Woods (26)

mentions a beetle believed to be a new species collected on woodbine

both in 1917 and in 1918, which is probably the lesser grapevine

flea-beetle. He describes the salient characteristics of the adult

and mentions that the eggs are deposited singly or by twos on the

under surface of the leaves.

THE GRAPEVINE FLEA-BEETLE.

DESCRIPTION OF STAGES,

THE ADULT.

PL II, fig. 3.

The following is a copy of Horn's (15) description of the beetle:

II. chalyhea IHig.

Oval, of moderately robust facies, color usually metallic shining blue, rarely-

cupreous or greenish. Antennae half as long as the body, piceous, the basal half

with metallic lustre, joints 2-3-4 gradually longer. Head smooth, slightly rough-
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Stages of the Grapevine Flea-Beetles.

A, Mature larvae of Attica voodsi. B, Pupae of AUica woods
D, Adult of AUica woodsi.

C, Adult of AUica chalybea.
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ened near the eyes, frontal carina rather acute, the tubercles small, oblique. Thorax

a little more than half wider than long, narrowed in front, sides arcuate, margin narrow,

slightly thickened in front, disc convex, the ante-basal impressed line rather deep and

extending from margin to margin, snrfac-e with extremely minute scattered punctures.

Elytra scarcely wider at base than the thorax, hiimeri rounded, umbone moderately

prominent, smooth, limited within by a slight depression, surface sparsely punctate,

nearly smooth near apex. Body beneath and legs blue-black, moderately shining,

abdomen sparsely punctate. Length .](!-. 20 inch; 4-.5 mm.

THE EGG.

In general shape the egg is subcylindrical, with the ends rounded. The surface is

roughly pitted, and on the surface opposite to the side of attachment is a twisted

brownish strand about one-thii'd the length of the egg. The color varies from a deep

yellow to orange. Length 1.10 mm. ; diameter 0.42 mm.

The size and color agree with the description by Hartzell (33) but

differ from that of Comstock (12).

THE LARVA.

Similar to larva of A Itica woodsi, PI. II, A.

The larva is short and stout, convex dorsally and flattened ventrally, and is further

characterized by a nearly hemispherical head, by short stout legs, and by an anus

which functions as a locomotor organ. Each body segment is marked by a double

series of chitinized plates or tubercles and the skin between these plates is dotted with

minute wartlike excrescences. Wlien the larva is newly hatched or molted it is yellow

in color. Upon exposure to the air, however, the chitinized areas become shining

black and as they fit closely together the larva itself becomes shining black. With
growth the skin between the chitinized areas begins to show and when the larva is

full grown the skin is so distended that a brownish yellow is the dominant color, the

black being confined to the chitinized areas. The spiracles are located on the meso-

thoracic and first eight abdominal segments. The head and body plates are fur-

nished with sparse, long setse.

The arrangement of the body plates and setse on the first seven abdominal segments

is as follows: Dorsally each segment is furnished with two transverse rows of setiferous

plates. The mid-dorsal plates are transversely elongate, the anterior one being slightly

the longer, and are furnished with a seta on either side of the median line; on either

side of each of these plates and above the spiracle are two smaller circular plates each

bearing a single seta; below the spiracle is a prominent, longitudinal, compound
tubercle, wliich roughly divides the dorsal and ventral aspects, bearing a pair of

setae, and below this is another tubercle also bearing two setse; ventrally, near the

anterior margin of the segment, there is one elongate, transverse plate crossing the

median line and bearing one seta on either side; on the posterior half of the segment

and at either side of the median plate is a small oval plate bearing two setse.

On the first thoracic segment all dorsal plates are fused into one large plate, the

prothoracic shield, which bears five pairs of setae along the anterior margin, and three

pairs in a row on the posterior margin; laterally there is one small tubercle bearing a

single seta, and at the base of each coxa is a pair of tubercles each bearing a single

seta; ventrally there is one large rectangular plate bearing an anterior and a posterior

pair of setae.

The second thoracic segment resembles the abdominal segments closely. The
mid-dorsal plates are not continuous but are divided at the median line; on each side

of the mid-dorsal plates is a single outer dorsal plate, the anterior one being quite
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small and non-setiferous, the posterior one quite large and bearing two setae; on each

side below the outer dorsal plates is the laterally prominent compound tubercle which

bears three setae instead of two as on the abdominal segments; below the compound

tubercle are two plates each bearing a single seta, the anterior one also bearing the

mesothoracic spiracle; there is a pair of tubercles above each coxa, the posterior one

of which bears a single seta; ventrally the arrangment of plates is similar to that of

the first abdominal segment except that the posterior pair of plates bear only one

seta each.

The third thoracic segment is like the second but without the spiracle.

The eighth abdominal segment is like the second, but with only one small dorsal

plate on each side of the posterior mid-dorsal plate.

On the ninth thoracic segment the dorsal plates are fused into a single large one,

the anal sliield, which bears five pairs of setae; ventrally there is a single elongate plate

bearing two pairs of setae.

The tenth abdominal segment is without plates or setae.

Measurements: Width of head: First instar 0.32 mm. ; second instar 0.51 mm.- third

instar 0.74 mm. Average length of full grown larva 7.5 mm.

Similar to pupa oiAUica woodsi, PI. II, B.

In general appearance this pupa is similar to the pupa of other chrysomelid beetles,

the dorsal line being strongly arcuate, the legs folded ventrally, bent so that the

femora are directed away from the median line and the tibiae toward it, the prothoracic

and mesothoracic legs over the wings and the metathoracic legs under them.

Color bright yellow, appendages lighter. Antennal joints with a circlet of pro-

jections at the distal ends (four projections visible on each joint), especially con-

spicuous on the distal segments; elytra reaching the fifth abdominal segment, wings

the sixth; spiracles borne on the mesothoracic and the first six abdominal segments;

arrangement of setae as follows: 3 pairs on head, 1 above clypeus, 1 on inner margin

of the eyes, and 1 slightly above and between the eyes; on prothorax, 8 pairs; on

mesothorax and metathorax, 2 pairs; on abdominal segments 1 to 8, 4 pairs in a row

near the posterior dorsal margin; and on segment 9, 4 pairs around the anal hooks;

3 setae on the distal end of each femur. Length 5 mm.

DISTRIBUTION.

The grapevine flea-beetle is found in the eastern half of the United

States and in the Canadian Provmce of Ontario. In entomological

literature and in the files of the Bureau of Entomology it has been

recorded from the District of Columbia and from the following States:

Massachusetts, Vermont, Connecticut, New York, Pennsylvania,

New Jersey, Delaware, Maryland, Virginia, West Virginia, North

Carolina, Georgia, Florida, Ohio, Indiana, Illinois, Michigan, Wis-

consin, I^Iinnesota, Iowa, Missouri, Arkansas, Texas, Kansas, Ne-

braska, Colorado, and New Mexico. Some of these records may
refer to the "small form."

FOOD PLANTS.

A list of food plants recorded in the literature of the species is

given under history. The writer has collected it only on cultivated

grapes ( Vitis spp.), on various species of the wild grape {Vitis spp,),

and on Virginia creeper (Parihenocissus quinquefolia)

.
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HABITS.

The bootlc emerges from Inbcniatioii in the spring at tlie time of

the swelling of the grape buds, which it nttaeks voraciously, boring

into the sides of the btids and eating out the tender parts. (PI. I, B.)

When the shoots begin to exj)and it eats large lioles in the leaves

(PI. HI, A), and often attacks the tender stems. The beetle is most

voracious when newly emerged from hiberiuition and at that time

can do an inunense amount of damage.

Eggs are usually deposited on their sides, in groups, mider bud

scales or strips of bark, as described by Slingerlaiul {t!)) and llart-

zell {2S and 2J^). Occasionally they are ])laccd on leaves on either

the upper or the lower side.

The larvie feed on either the upper or lower surface of thin-leaved

varieties of cultivated and wild grapes, eating out large irregular

holes, and often stripping out all of the leaf tissiie excej)t the leaf

veins. On Concord or similar types of leaves they feed on the upj)cr

surface, leaving as feeding nuirks long, cluiin-like, whitish patches

(PI. Ill, P).

During the feeding ])eriod the larva molts twice. Upon becoming

fully fed it burrows into the ground and forms a pupal cell a fraction

of an inch below the surface. A few days are passed in the ])upal

cell, the ])re]ni])al period, j)reparatory for puj)ation. At the close of the

pupal stage, after eclosion, the adult does not emerge at once*, but

renuiins in the cell until it is luirdened and fully colored. Following

emergence the beetle feeds si)ariugly until it goes into winter (puir-

ters. None of the specimens under t)bservation during either season

showed any tendency to copulate or o\i]K)sit during the j)erio(l be-

tween transformation to the adult stage and hiberiuition.'

All stages of the beetles' activity are greatly inllucnced by changes

in temperature. Jioth adults and larvae feed more voraciously on

warm days than in cold weather and on the cold days of early s])ring

the beetles even appear to return to winter quarters. Hatching of

eggs aiul molting of larvae occur in the greatest numbers during the

warmest part of the day.

LIKK IIISTOIIY.

ItHAUINCl MKTIIODH.

The rearing methods used for tlu» two species of flea-beetles were

practically identical. Ovi])osition was secured from adults kept in

battery jars or sl(>eve cages on grai)e shoots. Larvae were reared in

' 111 adilllion to tlio inscctH iiallve l.o tlio Eiio-Cliaul.iuii|iia grapo bolt, upon wliicli llio forcKoliiR account

of habits and seasonal history and tho following ollifo history arc based, tlio writer rwolvcd booties from

French Crook, W. Va., collected by Mr. Frod K. Urooks, and from Arlington, Va., collecttvl by Mr. K. U.

Selkrogg, during tliCsiu'liiKOl 11)17. Tlioso booties and their olTsprlng were reared In theinscetiiry at North

East, Pa., and their habits, seasonal lilstory, and transformations agreed in detail with tliose ol llio native

in.socts recorded herein.



8 BULLETIN 901, U. S. DEPARTMENT OF AGRICULTURE.

Table I .

—

Feeding period of third

larval stage ofA . chalybea, North

East, Pa., 1916.

1 by 4 inch vials. Transformations from the prepupal and pupal

stages to the adult were passed in vials of the same size partially

filled with earth. To determine the duration of each of these periods

in the ground two methods were employed, as follows:

The first was to place a vial five-eighths of an inch in diameter

inside of a vial 1 inch in diameter, filling the space between the two

with earth. In this narrow space mature larvae were placed and

most of them were forced to form their pupal cells next to the glass

surface, where their transformations could be observed readily. The

outer vial was covered with black paper, which was removed only

when observations were being made. For convenience of identifica-

tion each cell was marked with a wax pencil. This method was

faulty, because of the difficulty of maintaining the normal soil mois-

ture in so thin a layer.

It was later learned that by pressing the earth in the middle of the

vial, leaving the earth at the sides comparatively loose, about half of

the larvae would form pupal cells along

the sides of the glass. It was necessary,

of course, for success with this method,

as with the former, that the vials be

wrapped with black paper. This method

was most used in 1917.

These methods of observing trans-

formation in the ground were developed

in the latter part of 1916 and the data

on these transformations secured during

that season are very meager. Hence

records for the prepupal, pupal, and

callow adult stages of both species are

given only for 1917.

Detailed life-history studies of the typical grapevine flea-beetle

did not begin in 1916 until the majority of the larvae were at least

half grown, since they were undertaken for comparison with the more

common "small form." Accordingly rearing records cited below

begin with the third larval stage in 1916.

DURATION OF FEEDING PERIOD OF THIRD STAGE IN 1916.

The duration of the feeding period of the third larval stage varied

from 6 to 13 days, with an average of 7.75 days, as shown in Table I.

The period covered by these records extended from June 12 to July 8.

DURATION OF PERIOD IN GROUND.

Number
of larvae.
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The period covered by records of larvae in the soil extended from

June 19, when the first larvae entered the ground, to July 27, when
the latest adults emerged. The variation in duration of this period

is shown in Table II.

EMERGENCE FROM HIBERNATION AND OVIPOSITION IN 1917

The earliest record of adult emergence is May 11, at which time

grape buds were swelling. Eggs were first found May 18. Adult

beetles were found on grapevines until ^^ . , .

, , ,, . /• T 1 j.\. J' Table II.

—

Period %n ground of
the latter part of June, when tney disap- ^_ dmlybea, North East, Pa.,

peared altogether. ^^^6.

INCUB4.TION PERIOD IN 1917.

The duration of the incubation period

in 1917 (see Table III) varied from 13 to

21 days, with an average of 15.18 days,

as shown in Table III. The period cov-

ered by records on the incubation period

extended from May 26 to June 28.

LARVAL FEEDING PERIOD.

The duration of the larval feeding period

of 46 individuals of Altica clialyhea reared

to adults varied from 19 to 33 days with an average of 24.26 days.

The period covered by records of feeding larvae extended from June

4, the earliest date of hatching, to July 20, the latest date, when

larvae entered the ground. Complete data on the larval feeding

period are given in Table IV.

Number of
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Table IV.

—

Time and duration of larval feeding period of A. chalybea, North East, Pa.
1917.

Date of
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Table VI.

—

Second larval stage of
A. chalybea, North East, Pa.,

1917.

DURATION OF CALLOW PERIOD.

The duration of the callow period of the adult stage varied from 1

to 4 days with an average of 2 days. The records are summarized in

Table XI. Records on this period extended from July 24 to August 4.

SUMMARY.

There is only one generation annually, winter being passed in the

adult stage. Beetles emerge from hibernation when the grape buds

are swelling and oviposition begins soon

after and continues until about the middle

of June, a few days before the latest

adults disappear.

The average duration of the incubation

period in 1917 was 15.18 days.

The larval feeding period averaged

24.26 days in 1917. Records of feeding

larvae began June 4 and continued until

July 20. The duration of the differ-

ent larval stages was as follows: Firet

stage, 8.74 days in 1917; second stage,

6.95 days in 1917; third stage, 7.75

days in 1916 and 8.53 days in 1917.

The duration of the period in the ground averaged 20.71 days in

1916 and 19.24 days in 1917. Records taken during the two years

on the transformations of this beetle

Number
oflarvffi.
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Table VIII.- -Time and duration of period in ground of A. chalybea, North East, Pa.
1917.

Date of
entering
ground.
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DISTRIBUTION.

The writer has collected this species in the vicinity of North East

and Moorheadville, Pa., and has observed it at Niagara Falls, N. Y.

FOOD PLANTS.

The grape (Vitis spp.), both wild and cultivated, and the Virginia

creeper (Parthenocissus quinquefolia) are food plants of both the

larva and the adult of this beetle. Of the cultivated grapes the

larva flourishes on thin-leaved varieties like the Delaware but does

not favor thick-leaved sorts like the Concord. Larvae were fre-

quently found on Concord grapes in the field but the majority of the

newly hatched larvae placed on Concord leaves in cages failed to pass

the first instar. After this instar was passed little difficulty was

experienced in carrying them to the adult stage.

Grape growers, mentioned by Slingerland {19), who stated that

thin-leaved varieties of grapes were preferred by the grapevine

flea-beetle probably had this insect to deal with instead of the typical

species.

HABITS.

When the adult emerges from hibernation in the spriilg it attacks

grape leaves which arc already expanded. On the leaves of favored

hosts it feeds on the lower sides, riddling them with holes. (PL IV.)

On Concord and other similar varieties it feeds on the upper surface,

pitting it with short irregular feeding marks but not eating through

the leaf. (PL III, C.) Like the typical species it feeds much more

voraciously at this time than later. It also has the same habit of

feigning death when alarmed.

Eggs are usually placed singly on the underside of grape leaves,

along the veins. (PL I, C.) Occasionally two or three are together

and very rarely they are on the upper surface of the leaves. This

is strikingly different from the place of oviposition and arrangement

of eggs described by Shngerland {19) and Hartzell {2^), but agrees

with the records of Comstock {12), Marlatt {18), and others.

Like the adult the larva usually feeds on the underside of thin-

leaved varieties of grapes and the Virginia creeper. A newly hatched

larva usually beging at the side of a leaf vein and bores upward.

When leaves are first attacked a series of small holes appears along

the leaf veins, producing a characteristic marking which need not be

mistaken for the feeding injury of any other insect. (PL TV.) After

feeding has progressed for some time the holes are larger and are

scattered over the leaf, which may become entirely skeletonized.

The larvae do not move readily from one leaf to another and conse-

quently the leaves on one part of the vine may be completely riddled

wliile those near by are untouched.
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Table XII.

—

Incubation period of A
woodsi, North East, Pa., 1916.

Date of
oviposi-
tion.
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DURATION OF FIRST LARVAL STAGE.

The duration of the first stage, of 74 larvae reared, varied from 3

to 9 days with an average of 6.16 days, as shown in Table XIV.

Table XIV.

—

First larval

stage of A . woodsi, North
East, Fa., 1916.

Table XV.

—

Second larval

stage of A . woodsi, North
East, Pa., 1916

Number of

larvse.
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Table XVII.

—

Time and duration of immature stages in the ground of Altica woodsi,

North East, Pa., 1916.

Date of
entering
ground.
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TIME AND DURATION OF THE LARVAL FEEDING PERIOD.

The duration of the feedmg period of 190 larvae varied from 15 to

23 days with an average of 18.59 days. The period covered by

records on feeding larvae extended from June 26 to July 26. Complete

data on time and duration of this period are given in Table XIX.

Table XIX —Time and duration oj larval feeding period of A.ivoodsi, North East, Pa.,

1917.

Date of
hatching.
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TIME AND DURATION OF PERIOD IN GROUND.

The duration of the period in the ground of 115 individuals reared

varied from 12 to 17 days with an average of 14.50 days. This

period is covered by records extending from July 14 to August 11.

The data on time and duration of this period are given in full in

Table XXIII.

Table XXI.

—

Second larval
stage ofA.woodsi, North Ea§t,

Pa., 1918.

Table XXII.

—

Feeding period

of third larval stage of A.
woodsi, North East, Pa., 1918.

Number
of larvae.
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DURATION OF CALLOW PERIOD.

The duration of the callow period of the adult stage, or the period

after transformation of the pupa to adult and before its emergence

from the ground, was recorded for 48 individuals. It varied from

1 to 4 days, with an average of 2.19 days, as

shown in Table XXVI. The period covered

by these records extended from July 28 to

August 1 1

.

Table XXIY .— Prepupal
stage of A. woodsi, North
East, Pa., 1917.

SUMMARY. Number
of individ-

uals.
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The maximum limits of records of individuals transforming in the

ground were from July 7 to August 29. The duration of this period

of transformation averaged 16.15 days in 1916 and 14.50 days in 1917,

or about 5 days less in each season than those required for the "large

form." The average duration of the different stages in the ground

was as follows: Prepupa 4.68 days, pupa 7.24 days, callow adult

2.19 days.

After emergence from the ground the beetles feed until late in

autumn and then go into hibernation. A comparison of the fore-

going with the seasonal history of the typical grapevine flea-beetle

shows that the lesser species appears in the vineyard about three

weeks later than the other and continues later throughout the season.

The typical species disappeared from vineyards at the season indi-

cated by Slingerland (19) , while the "small form" was present at the

time that the 'tardy individual," referred to by him, was found

ovipositing, some time after the overwintering adults of the typical

species had disappeared. Following Slingerland 's suggestion a little

further, it seems probable to the writer that the collection of beetles

of the "small form," if confused with the typical species, could easily

give rise to the two-brood hypothesis.

This comparison also shows that the lesser grapevine flea-beetle

is more rapid in its development, particularly in the larval and

prepupal stages. This more rapid development can not be attributed

to any extent to the fact that the larvi^e appear later in the season,

for even late individuals of the "large form" reared at the same time

as the early individuals of the "small form" re(|uired more time for

their metamorphosis.

ECONOMIC IMPORTANCE.

The grapevine flea-beetle, according to all accounts, has been one

of the most destructive of insects to the grape industry. wSlingerland

{19) wrote in 1898 that for several years previous it had done more

damage to vineyards in New York than all other grape insects com-

bined. Emerging from hibernation at the time when the grape buds

are swelling, a single beetle, by eating out comparatively few buds,

destroys as many shoots and a much larger number of clusters. If

the injury is repeated, according to Quaintance and Shear {22), the

vines themselves may be weakened or killed. Feeding after the

grapes come into leaf, either by the adults or by the larvge, is less

destructive.

Compared with its larger relative, the lesser grapevine flea-beetle

is greatly limited in its possibilities for destructiveness, because the

adult does not emerge from hibernation early enough to attack the

buds, but, like the larva, is strictly a leaf feeder. In spite of this

limitation, however, where it occurs in large numbers it can cause
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considerable damage by its skeletonizing of the foliage. In one

instance the writer has noted the killing of 1 -year-old vines of the

Delaware variety by repeated defoliation. Not the least important

economic consideration with regard to this beetle is the possibility

of its being mistaken for the larger form and the consequent con-

fusion of remedial measures.

In spite of their potential ability to injure the grape industry^ dur-

ing the years of the writer's residence in the Erie-Chautauqua grape

belt (1914-1917) both of these insects were of minor importance.

vSuch infestations as were observed were confined to vines on the

borders of vineyards adjacent to woodlands in which there were

heavy growths of wild grapes.

The grapevine flea-beetle, like a number of related insects, is

given to sporadic outbreaks of destructiveness followed by periods

of comparatively little economic importance. This is well illustrated

by the periodic receipt of complaints by the Bureau of Entomology.

Based on this source of information, it appears that there have been

three distinct extensive outbreaks in recent years: One in 1892 in

Michigan, Missouri, Iowa, and Kansas, one during 1894 and 1895 in

New York, and one in 1911 in Maryland, Virginia, and the District

of Columbia. Requests for information regarding this insect have

been received in practically all of the intervening years, but they

have been comparatively few in number and much more local.

Slingerland {19), writing in 1898, also records a serious period of

destructiveness in New York for several years previous. On the

other hand, 17 years later Hartzell {2Ji) estimated that in the Erie-

Chautauqua grape region less than 1 per cent of the area was infested.

It is probable that the period when the writer's observations were

made represented a low tide in the abundance of these beetles, due

to natural checks, as they were totally absent not only in vineyards

where measures to destroy them might be taken, but also from the

majority of neglected vineyards and from most growths of wild

grapes. But aside from the natural causes there are two other fac-

tors which have contributed to a permanent change in the economic

status of this pest. Poison sprays, applied primarily to destroy the

grapevine rootworm ( Fidia viticida Walsh) and the grape-berry moth
(Polychrosis viteana Clem.), readily destroy the flea-beetle larvae feed-

ing on the leaves at that time and may destroy many of the adults

of the lesser flea-beetle which are also still in the vineyards. Up-to-

date methods of tillage under vines, which break open the pupal

cells, are also a contributing factor. These two factors make it difii-

cult for beetles to reproduce in well-cared-for vineyards and limit

them to neglected vineyards and wild vines. Sporadic outbreaks

may nevertheless be expected in vineyards adjacent to favorable

breeding places, and these may be very severe locally.
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PREDATORY ENEMIES.

The natural causes responsible for the periods of comparative

unimportance of the flea-beetles at the time they were under observa-

tion were undetermined. Three species of carabid beetles and one

of ants were found predatory on both flea-beetles, although none of

the carabids was found in large numbers. No species of parasites

has been reared by the writer.

Lehia viridis Say/ the most common carabid, was closely asso-

ciated with both species of flea-beetles. It feeds upon the eggs,

larvse, and pupae of both species. This Lebia, although classed as a

ground-beetle, is largely arboreal. It was found in leaf mold under

wild grapevines, where flea-beetles were pupating in large numbers,

but more frequently on grape leaves, both in vineyards and on wild

vines. One specimen was taken on a wild grapevine over 15 feet

above the ground. In spite of their individual voracity, as these

beetles always occurred singly and were never found in large numbers,

they were not regarded as of sufficient importance to hold the grape-

vine flea-beetles in check.

The earliest recorded collection of Lebia viridis was May 22, in 1917.

This beetle was found feeding upon eggs under strips of bark on grape

canes. ISio more were found until June 22, when larvae of the typical

flea-beetle were quite common on the vines. After this time until

the first of August Lehia viridis was fairly numerous. The latest

record of collection was September 11, in 1916, after all of the imma-

ture stages of the flea-beetles had transformed.

This carabid is steel blue in color and about the size of the typical

grapevine flea-beetle, with which it might be confused by a casual

observer. It is probably the enemy of the flea-beetle referred to by

Hartzell (24), which he describes as a "carabid closely resembling the

adult flea-beetle in size and color."

Lehia ornata Lee* and Harpalus eryihropus Dej.* were found in

very small numbers in leaf mold under wild grapevines, and fed upon

pupae and prepupae of the flea-beetles in confinement.

A brown ant, Myrmica scahrinodis Nyl., subsp. schenchi Emery,

var. emeryana Forel,^ destroyed a large amount of larval and pupal

material that was intended for use in rearing work. Full-grown

larvae had been placed in earth in flowerpots partially buried in the

insectary yard. A few days later ants were found caiTying larvae

and pupae from these pupation quarters.

The Biological Survey has found grapevine flea-beetles in the

stomachs of the following birds: Bobwhite (Colinus virginiarms),

meadowlark (Sturnella magna), Cape May warbler (Dendroica tigrina),

red-eyed vireo (Vireosylva olivacea), white-eyed vireo (Vireo griseus),

1 Determined by Mr. E. A. Schwarz. 2 Determined by Dr. W. M. Wheeler.
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Philadelphia vireo (Vireosylva philadelphica) , Carolina wren (Thry-

othorus ludovicianus) , and bluebird (Siajia smlis).

METHODS OF CONTROL.

Ap. previously stated, no extensive infestation of either species of

flea-beetle came under the writer's observation m the Erie-Chautauqua

grape belt, and those infestations that did occur were confined to

vines at the ends of rows or the edges of vineyards.^ In such situa-

tions hand-picking the beetles was the best means of control. The
effect of this method is immediate, which is veiy desirable against

so voracious an insect, againstwhich arsenical sprays actcomparatwely

slowly. On small areas in a corner or at the edge it is also cheaper

than the employment of a power sprayer, which must be drawn the

entire length of each row, of which only a small part may be infested.

Had an extensive infestation occurred, spraying would have been

resorted to, but as none was present no spraying experiments

were conducted.

The application of a spray mixture containing 3 pounds of arsenate

of lead paste (H pounds, powdered) to 50 gallons of Bordeaux mix-

ture* is usually recommended for the control of the typical species.

One of the recent investigators, Hartzell (24), states that this mixture

protects the vines from severe injury because it is repellent to the

beetles and disperses them over the vineyard, but that it does not kill

them. To kill the beetles he has found that a high dosage of arsenate

of lead, not less than 4 pounds paste (2 pounds, powdered) to 50

gallons of water, is most effective. This high dosage is necessary

to kill the beetles quickly before much damage is done, because of

their voracity and resistance to poison. He also states that the

effectiveness of the poison is much increased by the addition of

one-half gallon of molasses to the foregoing mixture. The addition

of molasses because of its solubility has the disadvantage, however,

of making the poison likely to be washed off by rains. Owing to the

frequency of rains at this season of the year this is a very serious

disadvantage. Molasses should not he added to a spray solution

containing Bordeaux mixture, or huming of the foliage is apt to

result. The time of application should be on the first warm day

when the grape buds are swelling, or as soon as the beetles appear.

The difficulty of destroying the adults makes it important that

these pests be not allowed to reproduce in a vineyard. The

' After this paper had gone to press, in the spring of 1920, the writer's attention was called to extensive

destructiveness by A. chalyhca at Neosho, Mo., by Mr. F. W. Faurot, director of the Missouri State Fruit

Experiment Station at Mountain Grove, Mo. It was stated that the greater part of the crop in a number
of vineyards had been destroyed by the acti^•ities of this beetle diiring tlie previous season. In 1920 it was

apparently much the most destructive grape insect of the region. Spraying experiments for the control

of beetles emerging from hibernation were conducted by Mr. A. J. Ackerman and the writer, in cooperation

with the Missouri Fruit Experiment Station. Arsenate of lead at the rate of 3 pounds (powdered) to 50

gallons of water gave fair control, and this dosage was much more effective than one of 2 pounds to 50 gallons

of water.
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immature stages are very susceptible to remedial measures, and their

destruction incidental to good tillage and to spraying for the control

of other pests has been referred to under the discussion of economic
importance (p. 20-21) . The regular spray applications for the control

of the grapevine rootworm and the grape-berry moth are so timed

that they are entirely effective against the larvae of Altica woodsi but
can not be relied upon to destroy all of the larvae of A. chalyhea.

During both 1916 and 1917 the earliest larvae of the latter species

began entering the soil about 10 days before the first regular spray

application was made. In case of a heavy infestation of larvae of

this species on the grape foliage an application made just before the

grapes bloom is advisable to prevent a heavy infestation of beetles

the following spring. This extra application, however, probably will

be rarely necessary.

GENERAL SUMMARY.

The grapevine flea-beetle {Altica chalyhea 111.) is a grape pest which
eats out the swelling buds in early spring, thus destroying the em-
bryonic shoots and fruit clusters. Later both the beetles and the

larvae feed upon leaves of the grape. It is single brooded. Winter
is passed in the adult stage. Eggs are deposited in groups under bud
scales or strips of bark; the larvae migrate to the leaves to feed and
enter the soil to pupate; and the pupae transform to the adult stage

by early summer. This is in agreement with the habits and seasonal

history as usually described in the literature of the species.

Statements that the eggs are deposited on leaves, that the insect

is two-brooded, and that it prefers thin-leaved varieties of grapes

as hosts rather than the Concord variety, are due to a confusion with

a closely allied species, the lesser grapevine flea-beetle (Altica

woodsi n. sp.), hitherto usually determined as "A. chalyhea, small

form." This insect is also single brooded but emerges from hiber-

nation enough later in the season to appear as a second brood of the

typical species. Eggs are deposited singly, or sometimes in a cluster

of two or three on the underside of the leaf upon which they feed.

As in the case of the first-named species, transformations are passed

in the ground and winter is passed in the adult stage.

In addition to the above-mentioned characteristics, the lesser grape-

vine flea-beetle may be distinguished from its larger ally by its dis-

tinctly smaller size in all stages, by the green color of the adult

instead of blue, the pale yeUow of the egg instead of a deep yellow or

orange, the yellow body color of the larva instead of a brownish
^

yellow, and the absence of setae on the ventral prothoracic plate of

the larva. The feeding marks of both larva and adult are also a

ready means of identification. Both the adult and the larva of the
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lesser species merely pit the upper surface of thick-leaved varieties
of grapes, and eat small holes in the foliage of thin-leaved varieties.
Both stages of its larger ally strip the leaf tissue of varieties like the
Delaware, while on leaves of varieties like the Concord the larva
makes large whitish patches on the upper surface, and the adult,
also feeding on the upper surface of the leaves, eats large holes in
them.

Almost no other insect can cause as severe injury to the grape
crop, in restricted areas, as that of which the grapevine flea-beetle
is capable when the grape buds are swelling. The lesser species,
which emerges later, is less destructive. Both species are sporadic
in their occurrence from season to season and they are now restricted
in their distribution lai'gely to vineyards adjacent to wild grape
arbors. A number of predatory enemies, of which Lebia viridis Say
is the most important, contribute to its natural control.

Where vineyards are liable to injury from this pest, vigilance in
early spring is essential to safety. When the beetles do appear their
voracity makes prompt action necessary. If, as is usually the case,
the infestation covers only a small area, hand-picking the beetles will
probably be the most effective as well as the cheapest means of
control, wliile if a large area is infested, spraying with arsenate of
lead will probably be necessary. A spray application of 3 pounds of
arsenate of lead paste (1^ pounds powdered) is ordinarily recom-
mended, but if the infestation is severe and rains can be avoided, a
dosage of not less than 6 pounds of arsenate of lead paste (or 3
pounds powdered) to 50 gallons of water may be used. The larvse
of the lesser species and most of those of the larger species may
be readily destroyed by the usual spray applications for the grape-
berry moth and the grapevine rootworm, and these measures, together
with up-to-date vineyard tillage, make it practically impossible for
these pests to reproduce in a vineyard and limit them to wild vines.
Very rarely a spray application before the grapes bloom will be ad-
visable to destroy the earliest larvae of A. chalyhea. These measures
have probably been the cause for the change in the economic status
of the gi-apevine flea-beetle from apparently a first-rate pest of 20
years ago to one of second-rate importance at present.
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NATURE OF INJURY.

An insect enemy of cabbage, turnip, and other cruciferous crops,

known as the western cabbage flea-beetle, ranks as a most trouble-

some pest in the region which it inhabits.^

It is primarily an enemy of gardens, but quite too frequently

becomes a pest in large conmiercial plantings. The chief injury is

done by the overwintered beetles attacking turnip, radish, and other

cruciferous vegetables just as they are coming through the ground,

and by the beetles of the first generation, which are usually at the

maximum of their destructiveness during June and July. The beetles

appear suddenly, and frequently in incalculable numbers, and large

areas are completely devastated before the grower becomes aware of

their presence.

Although the larvae feed on the roots of cruciferous vegetables,

they cause little appreciable damage.

The beetles are by no means confined in their injurious attacks to

cabbage and other cole crops, since when they occur in unusual

abundance they attack most forms of vegetable crops, including

beans, peas, table and sugar beets, mustard, kale, and rape. As with

1 Phyllotreta pusilla Horn; family Chrysomelidae, order Coleoptera.

2 This insect was under observation by the junior author (deceased) from 1909 until 1917, at Rocky Ford,

Colo.
1S32°—20 1
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the majority of flea-beetles, this species does most harm to young
plants, and, as an instance of its destructiveness, it has been reported

to come in swarms, like black clouds, completely covermg the plants.

This species is not a periodical pest, like army worms and others,

but it is more or less injurious year after year in the regions which

it inhabits. It is, however, like most other flea-beetles, subject to

considerable fluctuation in numbers for reasons which have not j^et

been entirely explained, but which are doubtless due to atmospheric

conditions either at the time that the insect is breeding or when it

is in hibernation.
DESCRIPTION.

The adult of the western cabbage flea-beetle (fig. 1) is shining

metallic copper in color, measuring one-sixteenth of an inch or a little

more in length. The body is elongate oval,

^'^t.^ ^^ much flattened. The antennae are slender and

\.^\f^ the same in both sexes. The thighs of the

\1
J^^ if hind legs are strongly developed, fitting the

insect for jumping, whence its common name
of ''flea" or flea-beetle.

Following is the original description of

Pliyllotreta jmsilla (3,^ f. 302):

Form narrow, elongate, depressed, piceous, surface with

distinct seneous lustre. Antennae slender, half as long as

the body, piceous, joints 2-3 paler. Head scarcely visibly

punctate. Thorax less than twice as wide as long, widest
Fig. 1.—The western cabbage

^^ middle, sides arcuate, apex sliditly narrower than base,
flea-beatle (Phyllotreta pus- ,. ,,..,, ^ , ,

i«a):Aduit, highly magnifled.
^isc convex, surface shining, the punctures moderate,

closely placed, but not convex. Elytra wider than the

thorax, humeri obtuse, punctation coarser than that of the thorax, closely placed,

very little finer near the apex, but less dense, surface shining. Body beneath and

legs piceous, abdomen sparsely punctate. Length .06—.08 inch; 1.5-2 mm.
Male.—^Last ventral [segment] with a feeble triangular impression in the apex.

Female.—Last ventral simple.

The antennae are alike in both sexes and the joints 3 to 10 vary

little m length, although slightly broader externally.

This species is very easily confounded with related forms of similar

habits. Prominent among these is Phyllotreta albioiiica Lee, which

it resembles so nearly in form, size, and color that the females can

scarcely be separated. It is, however, more shining, the head is

nearly smooth, and the thorax and elytra are less densely punctate.

Moreover, PTi. albionica may easily be separated by the male antennae

which have the fifth joint dilated. The female antennae of the two

species are almost identical. The color of jnisiUa is sometimes olive

brown and inclined to black, but examination of a large series of

properly preserved specimens does not show any material variation,

1 Reference is made by number (italic) to " Literature cited," p. 21.
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except in a few darker individuals from northern Colorado, the

normal color being almost uniformly cupreous or copper-colored.

The species is also apt to he confused with Pli. aeneicollis Cr., but the

latter may be readily distinguished, inasmuch as it is more convex,

more shining, and distinctly larger.

Q

The egg is light yellow, glistening, of oval form, and about 1/50

of an inch in length.

In confinement eggs were deposited in cracks in the soil about

the roots of the cruciferous plants -on which the larva subsists and

there is good reason to believe that this

is the usual habit under field con-

ditions.
LARVA.

The larva (fig. 2, a,h) is thread-like

in appearance, uniformly white, ex,cept

for the head sclerites, the legs, and a

chitinized area on the caudal abdominal

segment, which are pale chestnut brown.

The mature larva is about 5 mm. in

length and from 0.5 to 0.65 mm. in

width, or approximately 10 times as

long as wide.

The larvffi feed normally on the roots

of cruciferous plants and remain con-

cealed in the soil throughout their life. \ -/ ^-—/ ^

On reaching maturitv the larva selects ^ , ,

T . 1 J.

"
J.

. J Fig. 2.—^\estern cabbage flea- beetle: a,

a suitable place for transformation and OutUne of larva, lateral view; 6, head

then wriggles about until it has formed and thoracic segments of same, dorsal

^Y 11 1 r: 1 11 • xi- -1 view; c, pupa. Enlarged.

a compact, well-denned ceil m the soil,

in the vicinity of the roots on which it fed. After the cell is formed

the larva shortens and in about two days changes to pupa.

The pupa (fig. 2, c) is approximately of the same size as the adult

and is ent-rely white. The arrangement of the antennse, legs, and

wings is the same as that of the average halticine pupa.^

DISTRIBUTION.

The range of the western cabbage flea-beetle, accorded by Horn
and others, is from the Dakotas to Mexico and central and southern

California.

3 Detailed descriptions of the immature stages are omitted from this paper Vrcause fresh materialis not

available and it is, moreover, desirable to compare all of these stages with those cf related species and

illustrate the same.
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It is widely distributed in the Rocky Mountain region of Colorado

and New Mexico, and is known to occur in more isolated localities in

Arizona, Wyoming, Nebraska, Oklahoma, and Kansas. It is also

abundant in some portions of Texas, ranging southward to Browns-

ville and undoubtedly into Mexico, although only doubtfully recorded

from that country. The known distribution is shown in the map
(fig. 3). This species is to be found quite frequently at very high

elevations and is also evidently a permanent inhabitant of lower

areas, as, for example, Brownsville, Tex. It is evidently a Sonoran

form and common to both the Upper and Lower Sonoran Life Zones,*

but in some States it has been observed in the Semitropical, Transi-

tion, and Boreal Zones.

Undoubtedly the species has a wider distribution than is indicated

by the map, comprising an area considerably larger in extent than

one-third of the L^nited States. It probably occurs in southern

_
,

... .. Idaho, and without

""^f^*—

i

L ji^^"^ /-^ ^'^ll
(^\ doubt is more widely

distributed in the
States of Nebraska,

Wyoming, Montana,

Utah, Arizona, and
Texas than is at pres-

ent known. While it

does not approach

the border lines of

several other States

known to be inhab-

ited, nevertheless a

lookout should be kept in the future for invasions in southwestern

Louisiana, southeastern Idaho, and Nevada.

REPORTS OF INJURY.

Our record of injury positively attributable to the western cabbage

flea-beetle begins in 1889, the year when the species was described

as new to science. That year. May 25, Prof. T. D. A. Cockerell

sent specimens to the Department of Agriculture with the report

that the insect did great damage to the leaves of turnip at West-

cMe, Colo. Injuries were reported at intervals in 1893, 1897, 1904,

and 1906. In 1908 and 1909 there were several outbreaks over con-

siderable territory, and a somewhat smaller outbreak occurred also

over a large territory in 1913.

In 1893 Prof. R. Y. Croydon sent specimens from Laramie, Wyo.,

that were damaging turnips and radishes.

1 The species came under the observation of the junior writer at Rocky Ford, Manzanola, Fowler, Las

Animas, Loma, Holly, Pueblo, Colorado Springs, Fort Collins, and Greeley, Colo.; Garden City, Kans.;

Maxwelland French, N.Mex.; Sanibel and Mercedes, Tex.; Phoenix, Ariz.; and Thermal, Calif.

3.—Map showing distribution of western cabbage flea-beetle.
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In 1897 specimens were received, July 10, from Mr. D. A. Pierce,

Kennedy, Nebr., with the statement that the species had destroyed

between 10 and 20 acres of corn in 24 hours. They were said to

destroy everything in gardens. They came in swarms of black clouds

and covered the plants. Later in the month Mr. Benj. F. Henr^^,

Hill City, S. Dak., complained of a "flea"—a name commonly applied

by farmers to flea-beetles—that was troublesome on cabbage and

other cruciferous crops in his vicinity. Only a single grower in his

neighborhood had saved any cabbage, all others having given up the

fight against this flea-beetle. In addition to cabbage this species was
injurious to radish, horse-radish, and turnip, and was. stated also to

injure peas. On the last-mentioned plant it ate the lower leaves

or lower part of the stalk. Out of 1,000 good cabbage plants our

correspondent saved only a hundred. The beetles seemed to prefer

the younger plants, but thrived also upon the older ones. A neighbor

of our correspondent reported that he had not raised a turnip for

seven years on account of this insect. It was prevalent in injurious

abundance throughout the region of the Black HiUs. The beetles

were first noticed the last week of June, and seemed to disappear

toward the end of July.

In 1904, during the first week of June, this species was observed

by Prof. E. G. Titus, at Paonia, Fort Collins, and Longmont, Colo.,

and at Blackfoot, Idaho, June 22, attacking sugar beet. May 19,

25 acres of sugar beets were reported destroyed to date by this beetle

at Grand Junction, Colo.

In 1906, Miss Hannah Carr, Mineral HiU, N. Mex., wrote January

1 1 of this insect destroying crops in that locality, particularly turnips,

beans, and cabbage. From an acre of turnips only a few pounds of

the vegetable were obtained. The same year complaints of injury

to cabbage, radish, and nasturtium were received from Mr. Nathan
HaU, Socorro, N. Mex.

The year 1908 witnessed severe outbreaks of this pest. April 24

Miss Margaret Botclileott, Grady, N. Mex., sent specimens with com-

plaint of injury to garden plants. At Chico, N. Mex., it was injurious

to cabbage. January 22, Mr. D. K. McMillan observed many beetles

on turnip at Corpus Christi, Tex. The same year the species was
received April 27, and later, from Mr. C. A. Pugh, Verne, Okla.,

where the beetle was reported to be injuring garden truck generally.

June 4 Mrs. Frank Perron, Hurley, Tex., sent specimens with report

that the beetles were entirely destro3'ing radish and cabbage crops

in the Coldun Tract in the panhandle of Texas. Mr. A. Olson,

Blacktower, Roosevelt Co., N. Mex., October 25, writing of this

species as the "garden flea" stated that it was generall}' found on

radish, beet, lettuce, and in.fact on almost all kinds of plants when
they first come up. The insect perforates the small plants with

holes and eats the substance until they die. The beetles were very
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hard to catch and did great damage. The same year injuries were
also reported to gardens in Verne, Okla., in April and May, and an
invasion occurred at Brownsville and at Harlingen, Tex., on turnip

and cabbage, in November. According to reports by Mr. McMillan,

the beetles were to be foimd continuously through the month of

November in south Texas.

In 1909 Mr. H. J. Kelley, Sprmgton, Idaho, complained of this species,

June 18. It was observed by Mr. M. M. High attacking potato at

L3^ord, Tex., March 2, and turnips and radish at Brownsville, Tex.,

March 26. July 25, of the same year, complaint by Mr. R. E. Chevick

was made in regard to the same insect, on beans, cabbage, sugar beet,

garden beet, and mangels. During July also, Mr. G. E. Thompson re-

ported it at Akron, Colo., on kale and rape, and a heavy infestation

at Fort Collins, stating that farmers complained of serious injury

in their gardens, es]-)eciallv to cabbage, radish, and peas. November
7, H. M. Russell found the beetle at Compton, Calif., feeding on wild

mustard.

In 1910 beetles were observed by Mr. High at Brownsville, Tex., in

January, February, and March in large numbers on turnip, radish,

and lettuce, doing great damage to 3^oung plants, the underside of

the leaves being covered with excavations made by them. He wrote

'•'in time this greatly devitalizes the growth of the plants and if the

present number remains long enough, many of the leaves will wilt

and die." March 2 the species was observed in numbers on young
Irish potatoes at Lyford, Tex., by Mr. A. Steller.

Durmg 1911, Mr. McAIillan stated that in January and February

this flea-beetle had been numerous at Bro^\^lsville, Tex., on \\dld

water-cress (Roripa sphaerocarpa) , wild pepper-grass (Lepidivm vir-

ginicum), and on 3"omig turnip, mustard, and rutabaga. The beetles

pass tlirough partial hibernation, but their wild hosts were only

slightly injured. July 2, this species was the subject of complaint

at Goodwell, Okla., by Mr. Gus Shubert, who stated that in spite

of different plantings the insect, locally known as the "earth flea,"

damaged radish, turnip, and cabbage. Serious infestation was re-

ported the following day at Akron, Colo., to cabbage, lettuce, radish,

and peas, and on July 25, to beans, cabbage, and sugar beets at Dulce,

N. Mex.

June 10, 1912, injury was reported at Moses, N. Mex., to cabbage,

radish, and turnip.

In 1913 tliis flea-beetle was observed in large numbers, January

27, at Brownsville, Tex., by Mr. High, attacking radish and turnip.

The leaves were fuU of small holes made by the beetles. Injury was
less noticeable on spinach and table beets. May 17, it was quite

abundant on cabbage. Small excavations had been made on the

underside of the leaves but were not j^et entirely through the upper
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covering. During the same year further injuries were reported to

turnip, mustard, and radish at Amariho, Tex. ; to radish at Sheridan

Lake, Colo., and to radish and turnip at Albert, Union Co.,']Sr. Mex. Of

the last occurrence our correspondent wrote, "we can not raise these

crops for the flea eats them as soon as they come through the soil,"

It was also injurious to cabbage, turnip, mustard, and radish atTucum-
cari, N. Mex., and to radish at Thermal, Calif.

During 1914 Mr. F. B. Milliken reported this species attacking

Le'pidium puhecarpum at Garden City, Kans. He also observed

larvue from which the beetle was reared, May 17.

During 1915 this species was reported injurious to cabbage at

Chico, N. Mex.; in 1910 to radish and cabbage at Fort Stanton,

N. Mex.; and in 1917 to turnip, radish, and tomato at Golden, Colo.

During 1919 this species was apparently rare, having been reported

in only four localities. At Brownsville, Tex., Mr. High found it

attacking crucifers, and Mr. C. F. Stahl, Bureau of Entomology,

collected specimens at Riverside, Calif ., June 10 and July 14 on com
leaves. During July it made its appearance in injurious numbers
at Lake Valley, N. Mex., w^here it was reported by Mr. John A^drette,

attacking mustard, radish, and cabbage in the order named. He
stated that without constant spraying with arsenicals these crops

would all be ruined. August 26 of the same j'ear Mr. A. E. Mallory,

Bureau of Entomology, observed this species in moderate number
on turnip.

July 16, 1920, jMr. D. J. Balagna, a grower and shipper of vegeta-

bles, Florence, Colo., wrote that this beetle was ''destroying the entire

valley," and miless something was done promptly, cabbage, cauli-

flower, and all related vegetables would be destroyed. Our corre-

spondent had tried nicotine sulphate, coal oil and soap, arsenate of

lead, salt water, lime, and Paris green, but found nothmg that would
kill it.

FOOD PLANTS.

The western cabbage flea-beetle, although normally an enem}- of

cruciferous plants, frequently does much uijury to sugar beets and
other vegetable crops. Turnip (Brassica rapa), mustard (B. spp.),

and radish {Raphanus spp.) are decidedly the favorite food plants.

The beetles also attack horse-radish {Radicula armoracia), rape

{Brassica Tiapus), cabbage {Brassica oleracea), cauliflower (B.

oleracea var. botrytis), water cress (Radicula nasturtium-aquaticum,

Roripa nasturtium), Chinese mustard or pe-tsai (Brassica juncea),

nasturtium, bee-plant (Cleome serrulata), sweet alyssmn (Alyssum
maritimum) , candytuft (Iheris spp.), wild peppergrass (Lepidium
puhecarpum, L. virginicum, et al.), hedge mustard (Sisymhrium sppO,
wild water cress (Roripa sinuata and R. spJiaerocarpa) , and tansy

mustard (Sophia pinnata). All of these are normal food plants.
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When the beetles occur m great abundance they injure also sugar

beets and table beets (Beta spp.), mangel-wurzel {B. vulgaris var.

macrorliiza) ,' lettuce (Lactuca sativa), beans (Phaseolus spp.), peas

{Pisum sativum), carrots {Daucus carota), tomato {Lycojyersicum

esculentum)
,
potato {Solanum tuherosum) , and corn (Zea spp.).

Injury is due to the beetles eating pitlike holes in the leaves

of young plants, usually selecting the lower surface. Radish is so

seriously attacked practically evervAvhere within the destructive

range of this pest that it is almost impossible in such regions to grow
this vegetable unless strenuous efforts are made to prevent the inroads

of the flea-beetle. Turnip and mustard are about equally attractive

to the beetles and unprotected beds are frequently destroyed. Impor-

tant injury to cabbage is confined to young plants in seedbeds or to

plants soon after they have been transplanted in the field. Horse-

radish is readily attacked and the foliage is often so completely

riddled that it has the appearance of a sieve when held up to the

light. Tliis plant, however, is very resistant and the roots attam a

good growth in spite of severe attack to the leafage

The larvae have been observed on radish, Cleome, and Lepidium
2)uhecarpum only, but doubtless live on the roots of many other

cruciferous and related capparidaceous plants. The injury done

by the larvae is negligible, so far as our observations go, in which

respect this species differs from the related striped cabbage flea-

beetle and horse-radish flea-beetle.^

SEASONAL HISTORY.

In its more northern range the beetle passes the winter months
in hibernation under clods of earth, or under heaps of weeds, dead

leaves, or other rubbish, whence it comes forth with the first warm
days of spring. In the extreme South the beetles are active through-

out the year but reproduction does not occur during the winter.

In the Arkansas Valley the beetles issue from their whiter quarters

during the latter part of March or early April. At first the foliage

of Sophia pinnata and horse-radish supply them with food. From
these plants they go to early mustard and radish, and throughout

the season or until severe freezes have occurred the beetles are to be

found on various cruciferous vegetables and weeds. In south Texas

beetles occur afield from February until December, being found, with

the exception of two months, practically throughout the year.

There are apparently three generations annually in Otero County,

Colo. Egg laymg begms within a few days after the beetles leave their

winter quarters—as early as April 14—and continues until early

September.

^ Phyllotreta vittata Fab. and Ph. armoraciae Koch, respectively.
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LIFE HISTORY AND HABITS.

OVIPOSITION.

Opportunity was afforded for observing the female of this flea-

beetle in the act of laying her eggs, beginning June 18, 1915, at Rocky

Ford, Colo. In a period of 12 minutes 17 eggs were deposited. When
fully extruded, the ovipositor is from one-third to one-half the length

of the abdomen. The total time taken in laying an egg varied from

2 to 5 seconds, 3 seconds being the average. During the laying there is

a contracting movement of the abdomen, the ovipositor is extruded

—

not always to its full length—and an egg is forced through the

opening. If, when the egg is forced out, it does not strike a surface

and adhere to it the female twists the ovipositor about until the egg

comes into contact with a surface to which it adheres. After an egg

was laid the female generally ran about for a few seconds, then

stopped and remained quiet for a few more seconds before laying

another egg. Three different times the succeeding egg was laid at

the same place within 3 or 4 seconds of the preceding one. As far

as could be determmed the eggs were not deposited in any particular

order or arrangement, but were distributed quite promiscuously

over the surface of the glass in the rearing cage. After having laid

the last egg, the female ran down on the stem of a turnip leaf, which

was in the cage, and commenced to eat. No further egg laying was

observed, but as four other eggs were found it is presumed that they

were laid before these observations began, which would give a total

of about 21 eggs laid at this time.

Subsequently eggs were lound in various other locations, one mass

of 20 being laid on the soil, another of similar number on the lower

surface of a turnip leaf, while others were scattered in small masses

about the crowns of the plants.

The number of eggs that might be deposited by a single beetle was

very difficult to ascertain and although attempts were made only

two records of egg laying were obtained.

September 6, 1915, three beetles, two females and a male, developed

in the cages at Rocky Ford, Colo. They lived through the winter

under bits of earth in a rearing jar, and March 29, 1916, the male

mated with one of the females. This pair was isolated in another

cage and the record of the eggs deposited is given in Table I.

Tablf. I.

—

Egg-laying record of a single female of Phijllotreta jnisilla.

Date.
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The female died June 20, and the male July 31.

The second female, which developed September 6, 1915, deposited

193 eggs beginning March 26 and ending July 26, 1916. She died

July 30.

Females collected in the field and confined deposited from 27 to

163 eggs each, indicating that many of their eggs had been deposited

before they were confined.

HABITS AND BEHAVIOR.

It was noticed in the occurrence of this insect in Otero County,

Colo., that the beetles could best be collected during the middle of

the day, the time when they were most active and were out on the

^
plants in larger numbers. Earlier' or later in the day

they were usually found lower down on the plants

around the crown or in cracks in the ground.

In order to collect them in numbers, a collecting bottle

fixed somewhat as follows was used and found satis-

factory: The bottoms of two small vials are broken out

and then put end to end through the cork of the larger

bottle (fig. 4). Upon inserting the neck of the outer

vial over a beetle, it will invariably jump up into the

vial. The neck is useful in that the beetle has a sup-

port to fall on if it does not secure a footing on the

side of the vial. Hundreds of beetles can be collected

in a bottle of this kind with small possibilities of any

escaping. This form of bottle has been successfully

used for the capture of other species of flea-beetles.

Adults mated from the middle of June to the middle

of July, and were sufficiently abundant to do noticeable

damage to small plants. Small radish plants were very

much injured by the beetles eating into the stalk at

just below the surface of the ground, causing the plants

Fig. 4.—Device

for collecting

flea-beetles

for study.

the top or

to wilt and die.

In rearing experiments considerable care is required to see that

the soil, or whatever the insects are in, does not become too wet or

too dry. If the eggs are allowed to become too wet, they do not

hatch; if not moist enough, they shrivel and dry up. In general, eggs

require soil that is moderately moist.

The greatest difficulty in life-history studies was encountered in

the larval stage. The larvae were easily killed by excessive mois-

ture, especially when accompanied by heat. Probably several

thousand larvae hatched but only a few lived to be adults. The

most susceptible period is just after the larvae have hatched. The

laboratory temperature varied from 65° to 80° F. or above, with the

maximum temperature for the larvae about 70° F. This approxi-
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mated more nearly the soil temperature in the field. Much below

this the larvae did not develop well and above 80° there was a con-

siderable increase noticeable in the death rate. If too much mois-

ture accumulates in rearing jars or "cages", the air becomes satur-

ated during the day and at night cools off and condenses. This is

detrimental to the larvae, as they often become submerged in drops

of water.

The young larvae feed on the hair roots of their food j)lants and the

older ones feed also on the main stalk and branches.

It was necessary to supply fresh roots every two or three days as

decay is apt to set in. Parts of the crown of small turnips were sup-

plied to the larvae as food and they fed on this readily but did not

seem to do as well as on fresh radish roots.

Upon reaching maturity the larvae cease feeding and crawl rest-

lessly around for a day or so before entering the soil. They make
a distinct pupal cell with the inside compact and tightly cemented.

Larvae were observed in these cells, in a number of cases, for several

days before they began to shorten. The contracted prepupal

period ordinarily lasts 4 or 5 days.

Several times soil was secured in the field and brought to the

laboratory and examined for larvae or pupae of this flea-beetle. In

no instance was any larva or pupa observed. A number of ex-

aminations for larvae and pupae were made by digging around the

roots of growing turnips and radishes, but neither was ever found

in the field.

Since the eggs and larvae in the laboratory seemed to be so sus-

ceptible to excessive moisture, the opinion was reached that it

might be possible to control the species in the egg, larval, and pupal

stages in the field by the practice of irrigation. Whenever the

plants are irrigated, the soil around the roots is quite thoroughly

soaked and it seems likely that the eggs, larvae, and pupae may not

be able to withstand this.

LIFE CYCLE.

In working out the life history of the western cabbage flea-beetle

adults were captured in the field and confined in cages consisting of

battery jars and glass-covered boxes. The lid of a small tin salve

box, filled with moistened earth, was placed in each cage, and in

this earth the beetles deposited their eggs. The lids containing the

earth were removed daily or at intervals of two or three days and
placed in larger salve boxes. Food was supplied the larvae by
placing sprouted radish seed on the surface of the earth in the boxes.

As the larvae neared maturity most of the earth was removed from

the lids in order to enable a close observation of the pupae.
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Owing to the extreme delicacy of the larvae, it was impossible to

rear large numbers at any one time. The small numbers of beetles

which developed showed little disposition to breed and it was not

possible to determine the number of generations occurring annu-

ally from any given "stock," or lot of specimens. The rearing

records obtained, however, indicate the probability of three genera-

tions occurring annually in Otero County, Colo.

In Tables II, III, and IV records of the observed generations of the

western cabbage flea-beetle in 1916 are given:

Table II.
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fflSTORY AND LITERATURE.

An account of this species, mentioned under the name of the Colo-

rado cabbage flea-beetle (Phyllotreta albionica Lee), was pubHshed

by Riloy in his ] 884 report (1, p. 308),'' in which he stated that it was

injurious to cabbage a.nd other cruciferous plants in June and July

throughout the Rocky Mountain region of Colorado, having been

found in great numbers at the very highest elevations.

In 1889 Prof. T. D. A. Cockerell {2) mentioned this species mider the

same name, quoting from Riley's report. In a footnote, written by
hand in a copy of his paper, appears ''Dr. Horn says this is puailla

Horn and not the true albionica Lee." The same year Dr. Horn

{3, p. 302) published the original description of the species.

In 1898 an editorial account of this species was given by Dr.

L. O. Howard (4), citing injury at Kennedy, Nebr., and HiU City,

S. Dak., previously considered in this buUetin under the heading

"Reports of injury," p. 4,

In 1900 Messrs. Forbes and Hart (5, p. J^ll) published an account of

this species under the title "The western cabbage flea-beetle, Pliyl-

lotneta albionica Lee," stating that it was reported by Bruner as

injuring sugar beets in Nebraska, and by Gillette as infesting cauli-

flower and other cruciferous plants and the bee-plant {Cleome

integrifolia) .

In 1903 the writer published a brief account of this species under

its proper name, stating that it was observed doing considerable

damage to sugar beet in portions of Colorado during 1901, preferring

the younger plants (6, p. 18)}

In 1909 this species was recorded {8, p. 572) in brief as having

been very destructive to radish, turnip, cabbage, and some other

truck crops in Oklahoma, Texas, and New Mexico, in 1908.

NATURAL ENEMIES.

The western cabbage flea-beetle is singularly free from natural

enemies. The three species, other than birds, which have come under

observation are aU internal parasites.

A BRACONID PARASITE.

Peiilitus epitrlcis Viereck, a braconid ichneumon-fly parasite of the

adult beetle, was found during practically aU the three summer
months. It was most abundant from the latter part of June to the

latter part of July. Two adults emerged vSoptember 13, and one

larva was found the same date. The larva probably emerges through

the abdomen and under the elytra, although this point was not

"> Figures (italic) in parentheses refer to "Literature cited," p. 21.

B Remarks made by Prof. R. A. Cooley (7, p. 260) that he believes this species to be the cause of complaints

of injury to turnip and cabbage in the Yellowstone Valley, Mont., may refer to the related Ph. albionica

Lee., although Ph. pusilla is known to occur in that part of the State.
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proved. The larva spins a light gray cocoon in which it transforms

to pupa, and the adult parasite emerges through a small hole which
it eats out of the end of the cocoon. The greatest percentage of

parasitized beetles observed at any one time was 16.

Just what influence this parasite has in holding the beetles in

check has not been determined. It is sometimes an important
enemv of the related striped cabbage flea-beetle (Phyllotreta vittata

Fab.)
A NEMATODE PARASITE.

Nematodes infest the adult beetles. As generally observed these

nematodes were young and small, about 1/40 of an inch in length.

From 200 to 500 were counted in a single beetle. In several instances

adult female nematodes were observed which had the body sack filled

with newly developed nematode young that had not yet escaped.

As nearly as could be determined the nematodes were not confined

to the digestive tract but appeared to be in the body cavity. In a

number of cases eggs laid by the beetles were found to be infested

externally with the nematodes. The eggs had an unhealthy ap-

pearance and in no instance were infested eggs observed to hatch.

Just what effect the nematodes have on the beetles would be an
interesting problem to work out.

A GREGARINE PARASITE (GREGARINA).

Gregarine worms ^ occur in the intestines of the adult beetles,

infestation averaging as high as 40 to 50 per cent, but it could not be

determined whether these had any detrimental effect upon the host.

They occur in almost all forms of insects and as far as known have no

serious effect on them.
BIRD ENEMIES.

Mr. W. L. McAtee of the Biological Survey reports having found

the western cabbage flea-beetle in the stomachs of three species of

birds, and other beetles of the same genus in the stomachs of 12 kinds

of birds. The land birds include among enemies of these beetles the

common and Texas nighthawks (Chordeiles virginianus and C.

acutvpennis texensis), white-throated swift (Aeronautes melanoleucus)

,

horned lark (Otocoris alpestris), starling (Sturnus vulgaris), song

sparrow { Melospiza melodia) , chipping sparrow (Spizella passerina),

tree swallow {Iridoprocne hicolor), and marsh wren (Telmatodytes

palustris) .

CONTROL MEASURES.

EXPERIMENTS WITH INSECTICIDES AND DETERRENTS.

Ten experiments with arsenicals and one with nicotine sulphate

were made in Otero County, Colo., by the junior author, and may be

summarized as follows:

' Identified by the junior author.
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Experiment No. 1.—August 19, 1911.

Nicotine sulphate, paste ounces.

.

3

• Fish-oil soap do. . .

.

8

Water gallons.

.

10

It was noted that when the beetles were thoroughly wet with

this spray they appeared to be soon killed. Later experiments,

however, demonstrated that the beetles afterward came to life.

Nevertheless, the single application showed considerable ralue, and

if additional applications had been made to the same planting, the

efficiency of this deterrent could has^e been demonstrated. Naturally

no harm was done to the plants.

Experiment No. 2.—^June 3, 1911.

Arsenate of lead was used with an equal amount of soap at the rate of about (5 pounds

to 50 gallons of water, on radish, cabbage, and mustard, but as only one application

was made the plants became reinfested.

Experivient No. 3.—June 22, 1911.

Arsenate of lead, paste pounds.

.

6

Soap, common laundry do 6

Water gallons.

.

50

In this experiment young cabbage was sprayed on both the upper

and lower surfaces and the plants were heavily coated, almost white-

washed, the spray adhering well. This had the effect of deterrmg

most of the beetles and although no dead ones could be found it was
evident that the spray acted as a powerful repellent.

Experiment No. 4.—July 22, 1911.

Arsenate of lead, paste pound.

.

1

Whale-oil soap do 1

Water gallons.

.

10

This was applied to radish and cabbage, the leaves of the latter

being badly pitted. Every portion of the plants was wet on both

the upper and lower surfaces. As m the previous experiments no dead

beetles could be found and, although rainfall washed away much of the

arsenate, hi four days the plants had improved wonderfully and
made excellent growth. As the ram left the plants practically unpro-

tected a second spraymg was made of the same mixture two days
later. Nine days afterwards the cabbage was in excellent condition

and practically free from insect pests, only an occasional beetle bemg
found.

Experiment No. 5.—September 5, 1911.

Nicotine sulphate, paste ounces.

.

4

WTiale-oil soap do 8

Water gallons.

.

10

After the application of this spray it was noted that the beetles

which came m contact with the treated leaves jumped wildly and
and after a brief struggle apparently died, but revived withm half an
hour. The plants showed no injury from the spraying.
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Experiment No. 6.—April 29, 1912.

Arsenate of lead, paste pound.

.

1

Whale-oil soap do 1

Nicotine sulphate ounces.

.

5

Water gallons.

.

10

This was applied to young mustard plants which were so small

that only the upper side was treated. In this case the beetles were

apparently dead but after being confined in a cage revived within an

hour. The following day the plants showed an even coating of

arsenate on the upper surface and were almost entirely free from the

beetles. Some of the worse pitted leaves had died, became very dry,

and crumbled when touched, but this was due to the attack of the

beetles and not to the insecticides. This plat was examined at

intervals, and a week later the plants were growing excellently. As
the beetles Ijegan increasing in numbers an additional spraying was
necessary.

Experiment No. 7.—April 29, 1912.

Arsenate of lead, paste pound .

.

1

Whale-oil soap do 1

Water gallons.

.

10

As in the previous experiment, the upper surface only was sprayed,

radish and mustard being the plants treated. In this instance the

infestation was so severe that many of the plants were so nearly

destroyed that they failed to recover, partly because of hot, dry, and
wmdy weather. It was only where the leaves were almost entirely

consumed by the beetles that the plants died. The coating of arsenate

was excellent and four days later the plants were growing well and
were almost free from flea-beetles.

Experiment No. 5.—May 9, 1912.

The same formula as No. 7, applied to the same plants. Kain
intervened for several days but nine days later the plants were

described as growing beautifully and only moderately mfested by
flea-beetles, being beyond danger of injury. Although no dead

beetles were found, the experiment was a success and the radishes

were being sold at the time.

Expeiiment No. 5.—April 29, 1912.

A badly infested plat of mustard was dusted with dry Paris green

inclosed in a cheesecloth sack, but there was a moderate wmd and a

considerable portion of the poison was blown away. The next day,

however, although the plants were free from beetles they were nearly

dead. Those which remained alive and were growing were practi-

cally free from flea-beetle attack.

Experiment No. JO.—May 2, 1912.

Arsenate of lead, paste pound.

.

1

Whale-oil soap do 1

Water gallons .

.

10
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Fig. I.—Spraying Beet Fields in California.

Fig. 2.— Dusting Cabbage with Lead Arsenate by Means of a Traction

Duster.
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III this oxporiiiKMit radishes were sprayed and only tlie upper side

was tnmted. A good quantity of the ])oison remained, no injury

resulting from the Hj)ray, but no dead beetles could ])C found. Nine

days later a rain fcdl, leaving many leaves unprotected, the beetles

])ecoming abundant.

Experiment No. 11.—April 29, 1!)12.

A l)adly infested phmting of ntiistard was dusted with undiluted

arsenite of zinc. As in the foregoing experiment a moderate wind

was ])l()wing at the time and carried much of the poison away. Tiie

result, however, was practically the same, some of the })oison remain-

ing on the leaves, and although no dead beetles were found the plants

were comparatively free from flea-})eetle attack a week later.

It sliould ])e remarked that the plants at this time needed water

l)iit the irrigating ditch w^as dry.

RECOMMENDATIONS.

It appears to be practically impossible to kill an appreciable

number of the western cabbage flea-beetles by spraying with arseni-

cals. Repeated experiments have shown that whatever application

may be made does not kill the insects but drives them away. In

other words, this insect can not be controlled by poisons, but by
repellents and deterrents. The beetles are dainty in their feeding

liabits, carefully avoid foliage which has been sprayed, and attack

either unsprayed [)ortions or fly to other plants. Repellents such as

tobacco dust are the most efhcient of those which have been tested,

and of the arsenicals, heavy applications of arsenate of lead have

given the most satisfactory results.

LEAD AKSENATE.

In large plantings, and especially where cabbage is infested,

spraying heavily with arsenate of lead is advised (PI. I, fig. 1). Tlie

following formula has given excellent results:

ArHcnate of lead, paste pound. . 1

Fish-oil soap (as a sticker) do. . . . 1

Water gallons. . 10

This is at the rate of 5 j)ounds of lead arsenate to 50 gallons of water,

or a trifle stronger than the standard formula of 4 to 50. One-half

this weiglit of powdered lead arsenate, or 2 pounds in 50 gallons of

water, is equally effective, with a corresponding (piantity of soap to

act as an adhesive or "sticker." It should be a])plied wath a sprayer

fitted with elbow extension, and a special effort should be made to

coat thoroughly the under surface of the leaves. Two or three appli-

cations at 5 to 8 day intervals are sufficient even in case of severe

infestation, provided the first application is made promptly on the

first appearance of the insects.
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BORDEAUX MIXTURE.

It has been known for many years that Bordeaux mixture is an

almost perfect deterrent against flea-beetles. There is something

extremely distasteful in it to this class of pests but unfortunately

it has not been tested thoroughly either alone or in combination

with arsenicals. It is recommended that tests be made both alone

and in combination with arsenate of lead, arsenite of zinc, and

calcium arsenate against this species. The standard Bordeaux

formula 4-4-50 should be employed.

NICOTINE SULPHATE.

Experiments were made with nicotine sulphate at the rate of 3

ounces with whale-oil soap, 8 ounces, in 8 gallons of water, with the

result that the beetles were stupefied although not killed. In these

instances there is abundant proof that the flea-beetles were strongly

repelled but further experiment is desirable to determine how often

this preparation should be used, that is, at what intervals. Naturally

since tobacco dust has been found successful, nicotine sulphate

should be nearly as useful if not equally so.

INEFFECTIVE DETERRENTS.

In some regions where the western cabbage flea-beetle is destruc-

tive, growers dust the infested plants with air-slaked lime, ashes,

insect powders, soot, or Paris green, but experiments made in Colo-

rado have demonstrated that beneficial results from these substances,

which also act as repellents, are of short duration in that State.

Tlie dry, high winds which prevail there render it difficult to apply

an even coating of any form of dust or powder or to make such

material adhere to the lower surface of the leaves where it is usually

most needed.

A better coating, however, may be apphed to the rough-leaved

foliage of turnip, radish, and mustard than to the smooth-leaved

cabbage, and some growers claim that the former class of crops may
be efficiently protected by dusting with lime.

TOBACCO DUST.

A liberal application of finely ground tobacco dusted on the

infested plants at 3 or 4 day intervals can be depended upon to protect

radish, turnip, mustard, and similar vegetables from the beetles and

for use on small areas is one of the most satisfactory control measures

that can be recommended.

The accompanying illustration (PI. I, fig. 2) shows a method of

dusting with an arsenical or deterrent by means of a traction sprayer.

MAINTENANCE OF THRIFTY GROWTH.

In regions where the western cabbage flea-beetle is a dangerous

pest the farmer is advised to keep the plants in vigorous condition
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by frequent cultivation and heavy manuring in order to stimulate

the growth of the plant and enal)le it to recuperate from insect attack.

The irrigation system should be so installed that it may be kept
constantly in working order, that the plants may not suffer at any
time for lack of moisture. It should })e unnecessary to add that the

crops be kept free from other insects and from disease.

IRRIGATION.

Irrigation has been suggested as a remedy for the hop flea-beetlo

in its occurrence on sugar beets and should be of value where irriga-

tion is practiced on other crops. Its effectiveness could be increased

by brushing the plants, causing the beetles to jump into the water
and be carried away or drowned.

MECHANICAL TRAPS.

The use of stick}' shields and tarred boards, which have proved
-effective in the control of the hop flea-beetle in hop yards, might be

used against this pest when it occurs in its greatest nmnbers. The
conditions, naturally, are different, but there might be some cases

where either would j^rove effective.

In 1914 Prof. H. M. Lefroy (9) made use of what he calls the Wisley

turnip-fly trap against two allied species of flea-beetles ^'^ in their

occurrence on turnip with what he describes as amazing results, due
apparently solely to the growth the seedlings make when their leaf

surface is entirely unharmed. This trap is made of two boards set

at a slope on a pair of runners like those of a sledge with a space

between. The trap is drawn along the rows so that the plants pass

through the space in the middle. In order to disturb the beetles a

loop hangs from a crossbar and brushes the plants. The boards are

smeared with a sticky substance, which captures the beetles as they

fly up. The illustrations furnished of the trap show that it can be
easily made and should prove quite successful where radish, turnip,

and smiilar crops are planted in rows, but, of course, would not be of

service where the seed is sown broadcast.

TRAP CROPS.

The fondness of this, as well as other cabbage flea-beetles, for

radish, mustard, and turnip suggests the employment of these as

early trap crops to attract the beetles from the later-appearing main
crops of cabbage, sugar beet, and others. The beetles may be swept
up from these trap crops by means of a bag sweep net of the type

used by entomologists to collect beetles and similar insects. This

should afford protection for the main crop.

^'> Phyllotreta comobrina Curt., and Ph. undulata Kutsch.
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CLEAN OULTURE.

The habitual appearance of this species in great abundance on

young plants? is a factor which prohibits the use of anything except

immediate application of poisonous substances like the arsenicals or

repellents, but there is. little doubt that in the course of time this

pest will lessen in numbers, provided concerted action is taken to

control it. Among the best remedies to be employed is the establish-

ment of clean culture throughout the year from early spring until the

crop is off and even thereafter. To accomplish this all cruciferous and
related weeds on which the insects normally feed and breed should

be kept down. It is desirable, therefore that the grower become
familiar with all of these plants, or else it will be necessary to destroy

all weeds and keep the fields free from them at all times. This may be
accomplished by the ordinary process of weeding and by burning

over after the crop is off and again before the crop is planted. Plow-
ing over may be sufficient at either time.

SUMMARY.

Cabbage, turnips and other cole crops, sugar beets, other vegeta-

bles, and garden plants, are severely injured in the Western States

by a minute flea-like beetle known as the western cabbage flea-beetle.

Injury is chiefly due to the overwintered beetles during June and
July, but the beetles accomplish more or less injury during the growing
season. This flea-beetle develops on the roots of wild and cultivated

cruciferous plants. The beetles frequently appear in great numbers,
eat niinute pitlike holes in the leaves of young plants, and often

cause considerable injury in seed beds.

The entire life cycle from egg to adult may be passed in about 30
days in June and July and there are at least three generations pro-

duced annually.

Crops may be protected by means of a spray of arsenate of lead,

applied at the rate of 2 pounds, powder, to 50 gallons of water,

or by Bordeaux mixture, 4-4-50 formula, these sprays acting as

repellents. It can also be controlled by nicotine sulphate, I j^int 40

per cent solution in 50 gallons of water with 2 pounds of soap added,

and by tobacco dust, which are deterrents. It is not possible, how-
ever, to control this insect entirely when it occurs in its greatest

abundance.

In addition, it is desirable to keep the plants thrifty and well

watered ; mechanical and trap crops can be used with advantage, and
clean culture is always advisable, especially the destruction of weeds
in and near cultivated fields.
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CALIFORNIA HISTORY.

EARLY VINE PLANTING IN CALIFORNIA.

The grape phylloxera is not native to California. It has long

been recognized as originating in North America, but its native

habitat is east of the Rocky Mountains. The insect has not established

itself upon the native vine of California {Vitis califomica) in the

wild state, whereas in Arizona it is established on native vines.

'^ Phylloxera vitifoliae (Fitch).
- Now in charge, Viticulture Service, California Department of Agriculture, Sacramento,

Calif.

Note.—In connection with other work in California, the office of Deciduous Fruit

Insect Investigations, Bureau of Entomology, in cooperation with the Bureau of Plant

Industry, has been engaged in an investigation of the grape phylloxera during several

years past, with principal headquarters for the work at Walnut Creek. The work

inaugurated by E. L. .Jenne, upon his death was taken over by S. W. Foster, assisted by

R. L. Nougaret. Upon Mr. Foster's leaving the service, the investigation was continued

by Messrs. Nougaret and Davidson, the latter giving especial attention to biological and

life-history studies and the former to investigations in the field and to remedial opera-

tions. The present report deals with the history, injuries, and life history of the insect

in California. Remedial measures will be made the subject of another publication. It

has been necessary to omit an extended bibliography of the subject.—A. L. Quaintance,

Entomologist in Charge of Deciduous Fruit Insect Investigations.

1900°—21 1
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More specifically, the insect is a native of the Mississippi Valley,

where the vines have developed a resistance to phylloxera, and such

species as ]^itis riparia, V. rupestris, V. aestivalis, etc., thrive, not-

withstandino; the presence of the insect. These vs^ild species possess

varying degrees of immunity and through scientific selection and

hybridization have yielded types of vines possessing inherent de-

grees of immunity, known to viticulture as resistant vines, or re-

sistant stocks when designated as a root upon which to graft com-

mercial varieties of grapes in order to circumvent the ravages of

phylloxera.

Vitis californica is a wild species of vine found not only in Cali-

fornia but throughout the Pacific coast. Because normally found free

of phylloxera in its wild state, it was at one time tried out as a

resistant stock upon which to graft commercial varieties, but proved

a complete failure in all but one or two instances. Even under normal

conditions and environment, when once attacked it succumbs to the

injury by the insect.^

The Mission grape is a cultivated variety of Vitis vivifera, and

although of European origin, its introduction to the Pacific coast is

so intimately related with the first settlement of California under

Spanish rule that it well deserves the oft-attributed title of ^ Cali-

fornia grape" (7)*. The Mission grape was introduced into Cali-

fornia by the Padres of the Koman Catholic missions. As early as

1524 (18, p. IT), while 'Cortez was governor of Mexico, then called

New Spain, seeds and plants were most often part of the cargo

of vessels plying between the mother country and her colonies.

Grapes and olives are plants mentioned as being among these. It is

to be assumed that about that time Vitis vlnifera varieties were intro-

duced into Mexico from Spain ^ through both cuttings and seeds

(1, V. 2, p. 131-133; v. 3, p. 613).

3 In the Annual Report of the California Board of State Viticultural Commissioners

for 1887, published in 1888, pages 47-48, may be found the following :
" While visiting

Mr. Ilagan's vineyard, we were led to examine an old vine

—

V. californica—which

appeared lijje one infested with phylloxera. This surmise proved correct * * *.
'

" The commission has often sought for evidences of phylloxera on our wild vines in

their native state, but up to this time none has been found, this being the tirst case of

the kind discovered." (See "Literature cited (5)," p. 127.)

* Numbers in parentheses refer to " Literature cited," p. 127.

= In this connection F. T. Bioletti, professor of viticulture at the University of Cali-

fornia, writes as follows :
" No one has yet been able to trace the Mission grape with

certainty to any European variety. It is a remarkable coincidence, if nothing else, that

a Sardinian grape known as the Monica resembles the Mission very closely. The Monica
is said to be a favorite grape of the monks in Sardinia, and it seems probable that the

missionary monks of Mexico, finding it difficult to transport cuttings from their original

homes, obtained seeds of the grape which they liked the best and that from the seedlings

grown they chose the one which most resembled the grape they were looking for. If this

is in accordance with the facts, the Mission is simply a seedling of the ^lonica."

He further advances the suggestion that the Mission might l)e a seedling of the Monica,

as published in a report (2) of the viticultural work of the agricultural experiment

Station of the University of California * * * 1887-1893.
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Later, in the early part of the eijihteenth century, a lonjr line of

missions was established throufrhont the i)eninsula of Lower Cali-

fornia, the Mission of Loreto bein<r the first, in 1697. These missions

all ^rew o:rapes. The vines were furnished to them ori<>:inally by

the colonies of Mexico. As missions were founded, products and

plants were furnished to the new one by the older established ones,

and o:rapes are almost always mentioned as being cultivated by the

Padres.

The Mission of San Diego was the first to be founded in upper

California, and the vines planted there were brought from the mis-

sions of Lower California. As no other variety but the Mission

grape is known to have been cultivated by the different miscions

Avhich w^ere founded in after years, it is to be presumed that it was
introduced into this State with the founding of the Mission of San
Diego, 1769.

The Mission is a long-lived, vigorous, and thrifty vine, as is

attested by two remarkable specimens. The one planted in 1775, and
still living, is on the property of the San Gabriel Mission in Los
Angeles County, is trained on an arbor, covers 9,000 square feet, and
its trunk just below the surface of the soil has a circumference of

9 feet. The other, planted in 1842 near Carpenteria, died in 1915,

presumably of the "Anaheim disease." It measured at its base 8^

feet in circmnference ; at a height of 6^ feet it divided into three

branches, one of which measured 3| feet in circumference. As an

arbor it covered one-fourth acre, and in 1895 yielded its maximum
crop of 10 tons, its average crop being estimated at 5 tons.**

The Mission grape in early days was planted by the Padres around
the missions and was used both as a table grape and especially for

making wine. Gen. Vallejo (7) is authority for the statement that

the Mission grapes grown at the Sonoma Mission were of a better

quality than those grown at the other missions in California, and
that a recognized superior quality of wine was made from them.

It was probably because of this reputation that the first commercial

vineyards of wine grapes were established in the vicinity of the town
of Sonoma. In this district the grape phylloxera was first discov-

ered, and the dying of the vines, which for some time had puzzled the

viticulturists, was finally determined to be the result of this insect's

attack. An importation of vines from Europe of unparallelled im-

portance up to that time for California, and one wdiich may ade-

quately be termed a " pioneer importation," occurred at about this

time and very shortly prior to the discovery in France of the

phylloxera, thereby furnishing grounds for the subsequent report,

more or less widely spread throughout the State and Avhich persists

" Details of its history can be obtained from the secretary of the Carpenteria Chamber
of Commerce.
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even at this late date, though refuted at different times by investi-

gators, that this importation of European vines was responsible for

the introduction of phylloxera into California. This is a mistaken

idea. The history of the grape industry virtually proves that the

insect was imported Avith American species or varieties of grapes

from east of the Rocky Mountains.

FIRST DISCOVERY OF GRAPE PHYLLOXERA IN CALIFORNIA.

The first evidence of phylloxera infestation in California dates as

far back as 1858. The dissemination of phylloxera continued for

years in California before the existence of the pest was known, al-

though its destructive work was observed, commented on, and desig-

nated a disease of vines from unknown causes. Reference to the

first discovery and determination of the insect in California is to be

found in a report (4, p. 108-111) dated August 28, 1880, and sub-

mitted by H. Appleton. In his report the first ravages witnessed in

California are discussed, and from them is inferred the date of in-

troduction of the insect. Extracts from this report follow

:

On the nineteenth of August, 1873, an insect was found on the roots of

grapevines by H. Appleton and O. W. Craig, in the vineyard of the latter,

situated two miles north from Sonoma Town, on the west side of Sonoma
Creek. An investigation was ordered at the time, for though the insect was
identified as " the insect, or louse, known in Europe by the title of phylloxera-

vastatrix. and in the United States as pemphygus vitifoliae," there existed a

doubt in the minds of the investigators, because the injury was confined wholly

to the roots of the vine, and no symptoms of injury such as recorded in

Europe and in Eastern North America could be detected on the leaves.

From information received from Mr. A. F. Haraszthy and Captain E. Cutter,

Superintendent of the Buena Vista Company's vineyards, I am able to give

the following facts in regard to their large vineyards

:

A vineyard of about one thousand vines was planted in 1834-35, and was
watered every year. In 1850 and 1852 the vineyard was largely increased, and
the system of irrigation was stopped. In 1857 about two hundred thousand
vines were set out, and in 1858 one hundred acres were put in vines (six

hundred and eighty vines to the acre). Again, in 1860, fifty acres were
laid out. In 1862, Colonel A. Haraszthy planted 70,000 European vines, and
it was among these vines the disease increased most rapidly.

In the Spring of 1863 the Buena Vista Company was incorporated, and in

the Spring of 1864 that company planted 100,000 vines.

As early as 1860 decayed and dying vines were noticed in the vineyard, and
they were taken up and others planted in their places. An examination was
made to discover the cause of the disease in these vines, and it was attributed
to alkali water, which was found a few feet underground. The roots were de-

cayed. No examination by microscope of these roots was made. Vines
died from time to time, showing short growth, small and colorless grapes,
early yellow leaves—in fact, all the symptoms were observed of vines dying
from the vine pest.

In 1868 about 3 acres of diseased vines were taken up (planted in 1850)
on the north side of the dwelling house, and new vines planted, which grew
well, showing little signs of decay till they were four years old, at which
time (187:'.) the Phylloxera Committee, of the Viticultural Club, found the
phylloxera on several vines.
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The facts of this statement are si<inificant and by no means am-

biguous if considered in the li<i;ht of the knowledge possessed to-day

of the life history and habits of phylloxera, the nature of its in-

jury, and the progress of its ravages.

This report also indicates how and when the first impulse was

given to the development of the grape and wine industries of the

State, then in their infancy. As interest grew in this direction,

better varieties of grapes than the Mission would naturally be sought

and given a trial. This was the case with the eastern variety of

grape, the Catawba, a vine susceptible to the attack of phylloxera

because of its fleshy roots and successfully grown at that time in

the East as a wine grape. A weekly agricultural paper, the Cali-

fornia Farmer (6), under date of Thursday, January 23, 1855, in an

editorial article entitled "The CataAvba Grape," says:

We sincerely esteem the Catawba grape, one of the very best varieties for

cultivation in California. Longworth of Ohio, whose famous Catawba Cham-
pagne is now esteemed equal to any wine imported, says it is the very finest

wine grape known. Will be found far superior to our California Grape [Mis-

sion]. We earnestly urge our cultivators to give the Catawba a careful trial.

The same agricultural periodical from time to time that same year

published other articles^ eulogizing not only the Catawba but also

other vines of eastern varieties and quoting fabulous yields in wine

and profits.

Articles such as these undoubtedly influenced the planting of east-

ern varieties, if only as an experiment. Can it be doubted that many
vines were brought from the East to California and the phylloxera

introduced with them?

The variety of grape planted in 1850-1852 in the Buena Vista

vineyard is not mentioned. It is more than likely that the major

part of the planting was of Mission. If these vines were inoculated

with phylloxera shortly afterw^ards by means of a few eastern grape-

vines i^lanted near by, the vineyard would have experienced a spread

of invasion as related above by Appleton. Evidence of the insects'

injury would be apparent as affecting only a few vines during a few

years or up to about 1860, and eight years later the vines, covering

an area of 3 acres, would have become so dwarfed and nonproduc-

tive, wdth perhaps a few dead, that it would be necessary to grub

them up. That this vineyard trouble was due to phylloxera is em-

phasized by the further statement that the 3 acres were again

replanted with new vines, and during the four following years

(1869-1872) the vines were again affected in a similar manner, but

to a slighter degree, just as a recurrence of infestation w^ould act if

vines were planted in infested soil. Finally, in 1873, just five years

' E. g., " What are the best grapes ;
" " Extracts of the Cincinnati Gazette."
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after the replanting of the 3 acres, the committee of the Viticultural

Club discovered the phylloxera on the roots of several of the replants.

The history of this vineyard proves conclusively by direct and cir-

cumstantial evidence that the trouble was due to phylloxera. It

localizes the infestation, describes the progress and spread of the

injury, and, by fixing dates, determines the period of time the prog-

ress covered. Finally, the presence of the insect is discovered and
its identity determined.

In 1861 Gov. Downey, of California, appointed three commis-

sioners to work in the interests of the grape industry, two of the

members of this commission being Don Juan Warner and A. Ha-
raszthy. The latter was sent to Europe to purchase for the State

for distribution diiferent varieties of grapes, and the result was the

importation of 200,000 cuttings and rooted vines, comprising 1,400

different varieties of grapes from all the vine-growing countries of

Europe and also from Asia Minor. It may be that some of these im-

ported rooted vines harbored phylloxera, which already had caused

considerable damage to vines in France, although the insect was only

discovered in that country the following year (1862). It is quite

likely that a good portion of the 70,000 vines planted out on the

Buena Vista vineyard in 1862 and referred to in Appleton's report

were propagated from this importation and that the pest may have

been introduced simultaneously with the planting of the vines. The
rapid destruction of the vineyard, as stated, however, could have been

brought about in the case of the young vines just as well by infesta-

tion communicated by the old vineyard.

The history of the Orleans Hill vineyard furnishes an insight into

the methods of establishing vineyards with varieties of grapes im-

ported from Europe in the early days of grape culture in California,

and helps to give grounds for the belief that the earliest and original

introduction of phylloxera into this State was due to eastern varieties

of grapes only.

Data of this history are contained in a report, dated 1880, submitted

by the owner of the vineyard (4, p. 112). In 18.53 the owner im-

ported from Nassau, on the Rhine, in Germany, 15 varieties of grape

cuttings (vinifera) and planted them in his garden near Sutters

Fort, Sacramento, where they flourished splendidly and showed no

signs of disease. In 1859-60 many vines were propagated here for

planting the Orleans Hill vineyard in Cache Creek Canyon, Solano

County. This vineyard was set out in two different situations, part

Deing on a hillside and part in a flat. In the latter situation the

soil was of a stiff clayey nature and the vines did not do as well as

on the more friable hillside soil, and this necessitated replanting, for

which there were procured later from Napa some Zinfandel vines.
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The date when these rephints were procured is not specified, but was

probably about 18G4 or 1865. Before the date of rephuitinji; the

phylloxera had infested the Sonoma Creek district and had spread

to Napa County.

In 1859 a horticultural exhibit was held in the agricultural hall

just completed that year at Sacramento, and the records of the State

Agricultural Society mention exceptionally good exhibits of grapes

by progressive fruit growers. The eastern grape Catawba is twice

mentioned.

From another report (4, p. 29-30) we learn to wliat extent the

eastern varieties of grapes were growni prior to 1875 in El Dorado

County. No mention is made of earlier dates, but it is more than

probable that the European grapes were already supplanting the

eastern ones, judging by the few of the latter type which were

planted in later years and which to-day are found only in family

vineyards and gardens. This report, written by Mr. G. (x. Blan-

charcl, commissioner of the State board of viticulture, further stated

that what was true of El Dorado County could also be said of

Nevada, Placer, Amador, Calaveras, Tuolumne, and Mariposa Coun-

ties. A passage reads

:

The proportions and kinds (srapes) growin?:. taking one luuidred as the sum,

are as foUows : Mission, or native grapes, sixty-eight ; Catawha and Isahrlha,

ten ; White Muscat, Muscatelhi, IMahiga, six ; Tokay, Bhick Morocco, Malvoisies,

one; Zinfandel, Riesling, two. The otlier thirteen are made up of numerous

other varieties, such as Sweet Water, Black July. Hartford I'rolitie, Cloantha.

and Concord, and some others.

In this enumeration eastern grapes would represent approximately

23 per cent of the varieties grown. We thus see the important part

played by eastern varieties of grapes in the earliest plantings and

can conceive how the pest was introduced directly from its natural

habitat.

ACCIDENTAL AND NATURAL SPREAD.

Centers of infestation, when compared according to the modes of

dissemination which they engender, are of two kinds: Accidental

and natural. An accidental distribution center would be a nursery

which imported, unwittingly, phylloxera-infested grapes, propagated

the vines, and by so doing bred the insect and disseminated it with

the sale and shipment of these vines. The same is true when vines

are procured from phylloxera-infested districts. For new plant-

ings or replants, such a center would be the infested locality in Napa,

from which the Zinfandel vines were the means of introducing the

pest into a locality as yet free from it. In turn, the Orleans Hill

vineyard became a natural distributing center because the insect

by its natural increase and habit spread to other parts of the same

vineyard or even to other vineyards of the district.
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Infestation from accidental distributing centers may be avoided

by strictly enforced quarantine measures.

Accidental spread has been the main cause of most of the phyllox-

era infestation throughout the vineyards of California because of

its being an initial inoculation, developing later into a center of

natural dissemination.

A general survey of the growth of the grape industry, which
at times, as in the late eighties and early nineties, attained the

proportion of a boom, furnishes an indication of the accidental

spread which took place concurrently.

Cuttings were used almost exclusively for planting vineyards in

preference to rooted vines, the latter being used for replanting

"misses," and even then not commonly used. As will be shown
later, there is little, if any, danger in disseminating the phylloxera

from cuttings, unless these are heeled in in infested soil while await-

ing shipment. It is for this reason that the accidental diffusion

was greatly restricted. If rooted vines had been commonly used,

originating from the same district as the cuttings, the accidental

diffusion would have been so general as perhaps to have precluded

before long the growing of vinifera vines on their own roots.

THE WINGED MIGRANT NOT A FACTOR IN SPREAD UNDER CALIFORNIA
CONDITIONS.

Profiting by the investigations and experiments that were being

carried on in France, the University of California in conjunction

with the State Board of Viticulture made extensive efforts to ar-

rest the ravages of the phylloxera, and made investigations pertain-

ing to its life history and habits. These deserve special mention

in this report.

Dr. F. W. Morse (16) of Oakland, Calif., during the period

1881-1886, as an assistant in the General Agricultural Laboratory,

discovered in the course of his investigations on August 26, 1884,

specimens of the gall louse or leaf-inhabiting form of the phylloxera.

As is noted under the heading " The gallicole and its relation to

California conditions" (p. 95), this is the only recorded instance

of the finding in California of the leaf galls. In this connection it

mnj be said that in the experimental vinej^ards of the Bureau of

Plant Industrj^, United States Department of Agriculture, in which

are collected many varieties and hybrids of species of American
vines, not a few of which are susceptible to leaf galls when culti-

vated in the Eastern or Middle States, an exceptionally good field

for observation is offered. Mr. G. C. Husmann, under whose direc-

tion these vineyards are conducted, states that the leaf gall, to his

knowledge, has never been found in them. Extensive correspondence
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with entomoloo-ists and pi-omineiit viticiilturists in California elicited

the same information.

Laboratory experiments, conchicted under favorable conditions to

obtain winter e^^gs with the existing strain of phylloxera in Cali-

fornia, have failed to go beyond the i)rodiiction of the winged form

in specially devised cages, although in other laboratory experiments

tiie sexed forms were produced and the discovery in the natural state

of a single winter e^^ must be mentioned.

A study of the life history has corroborated the observations of

Dr. Morse relating to the sterility of a portion of the winged migrants

and t6 the sterility of some and the debility of the remainder of their

progeny. The writers' observations demonstrate that the normal life

cycle of the insect in California is wholly parthenogenetic and that

the natural spread, or diffusion, is due entirely to young radicicole

larvae possessing migratory instincts, at least during July, August,

and September, and to which has been given the name of "wan-

derers" to distinguish them from "migrants," a term which com-

monly is applied to winged forms of the Aphididae.

The conclusions of the investigations of Dr. Morse point to the

possibility of such a condition, though not affirming that the winged

migrant is not responsible for the diffusion of the species in Cali-

fornia. The late Prof. E. W. Hilgard (14) shared this view, which

he expounded in his report, in which he indicates the discovery by

him of one of the first phylloxera spots in Napa Valley, as follows

:

The first phylloxerated " spot " within the Napa Valley was observed by me
in 1877, close to the stage road and pnblic highway leading directly from the

woi'st-infested portion of Sonoma, and on which vineyard material was, and
is, constantly being hauled back and forth. It is plainly from this highway
and its infested wagouloads that the insect has spread in the Napa Valley.

The "spot" alluded to is believed by the writers to have been

either in the old Squibb vineyard (10 acres), in the old McClure
vineyard adjoining, or in the Callan vineyard (50 acres). All these

were located close together. They have long since been pulled up,

the land is now pasture, and only a very few of the old original

vines still exist, although browsed down by the stock. These vines

date back to 1866.

From i^resent knowledge of the biology of the phylloxera, it is be-

lieved by the writers that the vineyard material referred to by Prof.

Hilgard was responsible for the spread of the pest to this location,

but the inoculation was due to the wandering young radicicole

larvse rather than to the winged form.

PHYLLOXERA SPREAD BY PICKING BOXES.

" Vineyard material " may imply many sources of infestation.

Besides rooted vines, grape-picking boxes are very likely to trans-
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port the insect from one district to another. At times grapes are de-

livered to the wineries in greater quantities than can be handled,

and boxes of grapes are unloaded and left at the winery instead of

their contents being emptied into the elevators and the empty boxes

returned to the same wagon. Boxes are exchanged, and some from
infested districts find their way to uninfected vineyards. Wander-
ing larvse (wanderers) easily shelter themselves in cracks and joints

of boxes while these remain strewn throughout the vineyard waiting

to be filled with grapes, and when the boxes are transferred to other

vineyards, after having been emptied at the winery, the insects may
be released by the shock of the empty box against the ground in

the process of unloading.

In their practical experience, certain grape growers have noticed

that the first signs of phylloxera in their vineyards appear at places

where they have been in the habit of dumping boxes for the con-

venience of grape pickers.

There were a number of wineries, reputed for the excellence of

their wines, in the early-infested district around Glen Ellen, Sonoma,
and Los Guillicos, and grapes were hauled to them from afar at

about the time vines were dying rapidly in their vicinity. This

accounts, no doubt, for the several early centers of infestation which

appeared in a short period of time in Napa County.

The pest spread into Napa County from Sonoma County not only

along the highway to and beyond the vineyards cited in Prof. Hil-

gard's report, but also over the ranges of hills referred to in the same

report by means of a mountain road which ran over the divide from
Sonoma and descended into a long narrow valley (Brown Valley),

which itself opened out into Napa Valley quite close to the city of

Napa. At the head of Brown \ alley and almost on the county

boundary line is the Dell vineyard. From the owner, Mr. C. Dell,

the following information was obtained : In 1867, 20 acres of Mission

grapes were planted with cuttings obtained from the Wing vineyard

(then owned by Buhman Bros.), material for which formerly had

been secured from the Buena Vista district at Sonoma. After seven

years the Dell vineyard began to show signs of phylloxera in small

patches, but bore good crops for four years. The Wing vineyard,

located close by, began to die at the same time.

The phylloxera was introduced in this case probably by means of

picking boxes, or else by rooted vines planted to fill out places where

the cuttings had failed. If the dates are correct, the infestation

would have been noticed, without the cause being known, in 1874, or

about the time it was discovered along the Sonoma highway.

The above data are recorded to indicate how important a role this

Sonoma Creek district played in the first introduction of the insect

into California and how the spread occurred through different chan-
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nels. For this reason the early plantin<>:s "jive an idea of how the

insect coiikl have been spread before its i)resence was suspected.

PRACTICAL METHODS EMPLOYED TO ARREST THE SPREAD OF THE PEST.

When the discovery of phyUoxera in California was first made

known, the grape <«:rowers were already acquainted more or less

with the havoc it had produced in the vineyards of France, and a

panic spread throu*j:hout the different grape districts. It soon sub-

sided, however, when the vineyards were not being rapidly destroyed,

and even precautionary measures were overlooked.

Of all the grape-growing counties, that portion of Alameda County

known as the Livermore Valley district evolved the best organized

system of quarantine measures, the aim of which was not to prohibit

tlie importation of vines into the county, but to have cuttings, as

well as rooted vines, thoroughly disinfected before they were per-

mitted to be planted.^

The disinfectant used was a commercial soluble phenol. Vines

were immersed for one-half hour in a solution of 1 part phenol to 60

parts water. Notwithstanding these precautions, vines were intro-

duced Avithout the knowledge of the quarantine commission, and

there occurred three distinct centers of infestation from which the

pest was remarked to spread with the prevailing summer winds.

Two of these centers were planted originally with material from

San Jose, and the third with vines from St. Helena, in Napa County.

DISTRIBUTION OF PHYLLOXERA IN CALIFORNIA.

As far as has been observed, Stanislaus, Merced, Kings, and ISIadera

Counties, north of Tehachapi Pass, are free from phylloxera. South

of Tehachapi Pass it has not been found so far. Most of the counties

named have either enacted ordinances establishing prohibitive quar-

antine against the importation of grapevines or protective measures

subjecting vines to strict inspection and fumigation.

The absence of infestation is without doubt not wholly due to

quarantine measures, Avhich were enacted years after the pest had

many opportunities to be introduced, but more likely is due to the

combined conditions of climate and soil in these counties.

The writers have madeapersonalinvestigationof the present status

of phylloxera infestation, and have tried to ascertain and estimate

approximately the damage caused to the viticultural interests. At

this late date, however, there is much difficulty in obtaining informa-

tion on which to base the estimate. Quite a number of vineyards have

been replanted, some as many as three times
;
property has changed

hands, and the history of vineyards has been forgotten. Again,

* Datn personally coutributed by Charles A. Wetmore, formerly chief executive of the

State board of viticultural commissioners.
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no traces exist of large vineyards pulled up but not replanted,
and thus accurate data are unobtainable. Therefore a summarized
statement based upon data to be found in the various reports of

A/oi///v£:y/iRDS.

I- .•••-•I /A/f£ST/i7WrvOOUBTruL

Y!^Z\ countynm/i/G Ifss th/in^-^
250/>C/?£S or ///Vfy/)RDS

n J ^'OT //V/TSTCD.

/NFfSTtO S//VCC /900
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Wf?^\ » D(//?//^OFfff/Oa /880-/890

Fir;. 1.—Map indicating proj,'rcss of phylloxora infestation in California. Tho map does
not show the severity or degree of infestation. Counties Laving less than 250 acres of
vineyards were not inspected. In those counties marked doubtfully infested inspection
took place at a time of year when the insect was difficult to detect ; none were found
but the aerial growth of the vines suggested phylloxeration. In the counties of Kings,
San Benito, Merced, Stanislaus, Calaveras, Amador, and Tehama no phylloxera was
found at the time of inspection, but they should not be deemed to a certainty free of the
insect.

the State Board of Viticultural Commissioners and other agricul-
tural and horticultural reports is presented. Tliis, with the aid of
a map of California (fig. 1) to indicate infested counties in shad-
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iiifjs to correspond to a period of years within certain dates, will

enable one at a glance to conceive the degree of injury produced

and the loss sustained by the viticultural interests.

A general idea can be formed of the growth of the viticultural

interests of California and correlatively of the economic importance

of the grape phylloxera by comparing the report on grape produc-

tion of the State statistician for the year 1914 with tlie report of a

similar nature for the period 1856-1866 (Table I).

Table I.

—

Platiting of vines in California in different perods.

County.
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At this earlier period the pioneer growers of grapes were begin-

ning to realize the possibilities of success due to the advantage of the

peculiar suitabilities of climate and soil in California for the culture

of European varieties of Vitis vinifera.

Within the period of 48 years (1866-1914) there had been an
increase of nearly 90,000,000 vines. Within this lapse of time, so

comparatively short for such a prominent industry of the State,

many changes occurred in the different viticultural districts with

which phylloxera had little or nothing to do, and the gradual damage
and loss caused by the insect could not be compared with the acutely

sinister influence of extreme fluctuations in the market values of

grapes, whether for wine, raisin, or table use, which swayed the

industry at difi^erent times from opulence to ruin and vice versa for

the growers; yet when looking backward over the years, the phyl-

loxera stands out preeminent and is considered as the main single

factor in the loss and damage sustained by California viticulture.

In the early period the counties south of the San Bernardino

boundary line were in the lead for the acreage in vines and for the

production of wine. To-day in these counties viticulture is of sec-

ondary importance, yet phylloxera has never been discovered there.

The Anaheim disease was one of the causes of this decline, but the

change to the more lucrative investments in citrus culture, which no

doubt appealed more to the tastes of the many eastern settlers who
largely populated that portion of the State, is mainly responsible for

the falling off in acreage of grapes and lack of interest in the industry.

Another viticultural district which underwent a great change was
that of the Santa Clara Valley. There grape growing increased

rapidly from 1885 to 1895, when the acreage of vineyards was the

greatest and the county of Santa Clara produced almost one-third

of the dry wines of the State. From 1893, when the vines began to

die, the decline in acreage was much more raoid than had been its

growth.

It was commonly believed at the time that the Anaheim disease,

which had caused such great ravages in the southern part of the

State, was also responsible for the sudden dying off of the vines in

the Santa Clara Valley. The damage caused to the vineyards was

so extensive that an investigation was instituted by the College of

Agriculture of the University of California to determine the

cause (3). The general conclusions arrived at were the following:

First, that the dying vines exhibit symptoms differing materially from those

shown by the vines in Southern California which were destroyed by the Ana-

heim disease ; and, second, that whether or not there be some " unknown in-

fluence " at work, as suggested by Mr. Newton B. Pierce, the real, determining

factor is the deflciency of rainfall during the years 1897-1900.
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At this time the phylloxera was known to exist more or less

throu<2:hout the valley, and had been identihed in dill'erent vineyards,

but as yet its injury had not readied the advanced stage of noticeable

characteristic phylloxera spots, was therefore little in evidence, and

was not considered a prominent factor in connection with the de-

struction of the vineyards.

The following facts were brought out during the writers' investi-

gations and have a direct bearing upon existing conditions in the

Santa Clara Valley at that time

:

Extensive areas of a vineyard may be infested by phylloxera be-

fore characteristic spots are noticeable; a lighter crop and a slight

decline in vigor of growth are for some time the only apparent signs

of injury.

Infested vines change suddenly for the worse, becoming rapidly

stunted in growth, or even dying, when influenced by unusual con-

ditions either from lack or excess of moisture.

Injured roots, functioning poorly under normal conditions of

moisture, reproduce with difficulty fibrous roots, or feeders, to replace

those which have been destroyed by the insect, and when subjected to

drought they starve the vine.

Excessive moisture, instead of benefiting injured roots, causes them

to rot and hastens the death of the vine.

For these reasons it is believed that the phylloxera Avas responsible

for a far greater share of the destruction of the Santa Clara Valley

vineyards than has been ascribed to it.

While Santa Clara and the southern counties have lost in acreage,

a larger gain has been made at about the same period and later

in other counties, especially those of Sutter, San Joaquin, and

Fresno. Many vines throughout the State have been killed by

phylloxera and not replanted ; more have been grubbed out and

replanted, sometimes more than once, and it is estimated that the

loss in these respects has been very considerable.

Mr. George C. Husmann, pomologist in charge of viticultural

investigations, Bureau of Plant Industry, United States Department

of Agriculture, estimates the loss at 75,000 acres; Prof. F. T. Bioletti,

of the viticultural department of the University of California, makes

a similar estimate; and Charles C. Wetmore, for many years identi-

fied with the board of State viticultural commissioners, considers

this estimate conservative.

VINEYARD DESTRUCTION.

PROGRESS OF THE DESTRUCTION OF A VINIFERA VINE.

According to conditions there is a great variation in the number

of months or years that elapse between its original infestation by
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phylloxera and the actual death of the vine. The following points

have important bearing on this

:

Soil condition's and drainage.—From a survey made throughout

the different districts of California, the following general statements

can be made in regard to the destruction of vineyards when the vines

are 8 to 10 years of age or older before becoming infested

:

Vines live longer in rich, deep, well-drained soils. Under such

conditions, vineyards known to have been infested for 20 years and

longer still bear crops, have only a few vines actually dead, and

but a small percentage bearing little or no crop.

Vines die sooner and the crop of the vineyard is more rapidly

diminished in quantity and quality when established on rich soil

only a few feet deep and with poor drainage, or on side-hill soils

lacking moisture.

Vines are still more rapidly affected in heavy soils, more or less

shallow, with compact clay subsoil. In such types of soil, the vines,

more or less stunted and enfeebled, may live a number of years.

After a winter of unusually heavy rainfall they may show a very

rapid serious decline or even a majority of them may die within a

year.

Vines growing in a well-drained, very loose, and friable sandy soil,

or one with a surface of blow sand several inches in depth, seem to

be almost immune to the attack of phylloxera.

As a sandy soil becomes heavier in texture and of poorer drainage,

so the vine succumbs more readily to the attack of the insect.

Ar/e of vine at infestation.—Young vines are destroyed more readily

during the first three years, before they have established a fairly

good root system. When vines are 8 or 10 years old the quality and

texture of the soil become main factors, and the more or less rapid de-

struction of the vineyard depends on the adaptation of the vine to

the soil and the advantages of prolification and diffusion for the

insect. The general experience has been as follows

:

Cuttings infested in their early growth rarely survive the first

year.

Rooted vines, infested from the time of planting, produce from the

start a very poor vineyard, which rarely lasts more than three or four

years, the individual infested vines living after infestation hardly

more than two years. If vines become infested during the second

or third year from planting, they may last longer if they have

a good root system, and in this case the vineyard may produce one

or two crops smaller than normal and perhaps last five or six years.

When a vine is three years old or more before infestation, its longev-

ity depends somewhat on variety, much more on age, and especially

on soil conditions.
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Too few American varieties, either nonresistant or resistant, are

grown in the State of California at this time to have been con-

sidered in this investigation.

Intrinsic vigor of vines.—Vines of great intrinsic vigor always re-

sist phylloxera attack better than naturally weak plants.

Varieties of vines.—Amongst vinifera varieties grown in Cali-

fornia, a few have shown certain resistance when inoculations have

taken place several years after planting. Such are, in order, Flame,

Tokay, Mission, and Muscat (Fresno district), and in a lesser degree

Grenache, Chasselas, and Burger. Laboratory tests with certain

varieties in which phylloxera lesions rotted rapidly have shown that

Zinfandel, Thompson's Seedless, Carignan, Burger, and Muscat suc-

cumbed more rapidly and Tokay and Grenache less rapidly.

Destruction of a highly susceptible vine.—Under favorable con-

ditions for rapid phylloxeration, the hypothetical progress of de-

struction of a highly susceptible vine, as Zinfandel, with established

roots may be set down as follows: During summer and fall a few

larvse settle on a part of the root system; the following year in-

festation spreads to the surface fibrous and fleshy roots, and to a

certain extent to the large roots near the crown, and nodosities and

tuberosities are formed. The third year the subterranean infesta-

tion spreads pretty well throughout the root system, although it

is rare to find year-old wood much attacked, for it appears that

the habit of roots of this age to slough the outer layer of bark pre-

vents the phylloxera? from retaining a hold, and compels those

already settled to move to other more hospitable portions of the root

system. In this year some of the larger roots decay under combina-

tion of phylloxera attack and excessive moisture in the subsoil or

become dried out from phylloxeration combined with top great

drought, and thus the flow of sap between the feeding rootlets and

the aerial portion of the vine is more or less cut off. This results

in a shortening of cane growth and sometimes in an abnormally

large crop of grapes. During this third summer as the larger roots

die an emigration of young larvae takes place. Many winged forms

also may be developed. The fourth year finds the larger roots in

great part destroyed, the cane growth correspondingly reduced, and

a large number of fibrous and fleshy rootlets sent out from the

trunk just below the soil surface. The phylloxerse colonize these

rootlets in spring, but leave them in summer, when they decay. There

is also a heavy migration from the decaying roots farther down
in the soil. In the autumn it is hard to find phylloxera on such a

vine, and this explains the maxim that the best type of phylloxerated

vine on which to look for the insect is not one badly stunted, but

rather one with slight stunting of the canes; in fact, one in the

1900°—21 2
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second or third year of phylloxeration. Such a vine as has been

portrayed generally dies in the fifth or sixth year from the initial

attack.

As has been pointed out above, the decline of a vine is influenced

b}^ many conditions, and the hypothetical case given shows the mini-

mum longevity of an established susceptible vine after phylloxeration.

Under favorable conditions infested vines live much longer, and in

extreme cases their length of life seems hardly afi'ected by the con-

tinued presence of the insect on their roots, a slight decrease in the

size of the crop being the only evidence of injury.

HOW THE PRESENCE OF PHYLLOXERA IS INDICATED.

The existence of the phylloxera in a vineyard is indicated by the

well-known areas or " oil spots," so termed because of their man-

ner of spreading. A " spot '' appears first in the form of one or

two vines showing a slight shortening of the canes and a premature

seasonal yellowing of the leaves, although the latter symptom may
be caused by the red spider {Tetranychus himaculatus Harvey), or

by alkali in the soil. The year following this indication the vines

originally infested exhibit a more noticeably stunted appearance,

while other vines surrounding them show slight shortening of canes

and premature discoloration of foliage. After this the " spot " in-

creases in size, in course of time the vines in its center die, and

finally the vineyard may become totally destroyed. The writers have

never observed the " spots " to increase as rapidly in California as

they are reported to have done in the vineyards of France after the

time the insect first reached that country, when 2,500,000 acres were

destroyed in 25 years, and vineyards frequently have been observed

in California which had phylloxera " spots " of more than 20 years'

standing to have vines still living.

The " oil spot " generally is circular in shape, but sometimes it

assumes other forms. At times it is oval or narrowly elongate, the

latter form occurring on hillside vineyards through which water

rills run in the spring. In such cases spread of the " spot " is often

rapid in a downward direction, indicating that running water is

an extra factor in the spread of infestation. The writers have

demonstrated by experiment (see " Diffusion of phylloxera," p. 100)

that the phylloxerse can be carried in Avater from one vine to another,

and when the rains of March and April occur there are plenty of

active phylloxerse on the roots. In other cases the spread of a " spot

"

follows the direction of the prevailing winds and it appears that this

spread is caused by wind agency in the transportation of wandering

larvas in summer and autumn. In vineyards where vines are planted

rectangularly (i. e., 8, by 12 feet), instead of square, the infestation



THE liKAPE PHYLLOXERA IN CALH'^OKNIA. 19

very frec^uently spreads alon<!; tlie shorter 8-foot rows, indicating

that the insects traverse more easily the shorter than the h)n<!:er dis-

tances. Aerial and subterranean migrations of wandering larvae

play an important part in the enlargement of phylloxera " spots."

Only an infinitesimal percentage of the thousands of vrandering

larvae succeed in reaching their goal, but, as they are parthenogenetic

radicicoles, a single larva can cause a new infestation or start a

new " spot " at quite a distance from the original one, either in the

same or in another vineyard.

The estimation of root injury from external appearance usually

can be made with considerable accuracy, and the degree of infesta-

tion of a vineyard computed by the number of " spots," their size,

and the stunted condition of the vines composing them.

The diagrams (figs. 2 and 3) indicate a phylloxera " spot" charted,

respectively, in the years 1914 and 1915. This "spot" occurred on a

heavy black clay soil on a hillside of moderate slope. It appeared

that the " spot " started about the year 1907 when the vines were 3

years old, and that the first vines died about 1911. Surveys of the

" spot " were made October 13, 1914, and November 5, 1915, and the

vines were designated in the following manner: Ten was given to

vines wdiich showed no external evidences of phylloxeration ; 9 to

those which showed very slight evidence, such as premature yellow-

ing of foliage and slight shortening of canes; 8 to those showing

more advanced symptoms of phylloxeration, and so on down to 1,

which was given to vines which showed only the most feeble vegeta-

tive growth. In order to portray the " spot " more vividly, symbols

have been utilized as follows: Healthy vines, //; vines designated 9

and 8, /S ; vines designated 7 and 6, /; vines designated 5 and 4, U;
vines designated 3, 2, and 1, P ; vines killed by phylloxera, solid dot.

In this vineyard every fourth vine had been replaced by a walnut tree,

and these places where vines have been pulled out and not replaced

are left blank in the diagrams.

In the diagrams not all the " spot " is shown, for it has extensions,

the principal one being on the north side across a 24-foot avenue and

continuing down a swale for some 60 feet. Enough of the " spot

"

is shown to indicate its general form. Between 1914 and 1915 there

occurred an unusually wet winter and the " spot " grew considerably

in the 12 months between the surveys. Although the number of dead

vines increased only from 43 to 49, and among the badly stunted

types not much increase was shown, there was a marked increase in

the number of vines showing recent phylloxeration.

When more than one variety of vine is included in a " spot," a

good index of the resisting power of the several vinifera varieties

frequently is observable. Among the dead or moribund vines of
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the susceptible varieties stand out the more vigorous vines of the less

suscej^tible kinds or even individuals of the same variety.
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Fig. 2.—I'hylloxera "spot" in Zinfaiidel vlnoyard, charted in 1914. (See text.)

The year previous to showing a marked decline, vines frequently
bear an unusually abundant crop of grapes, and stunted vines seem
to produce a larger amount of grapes in comparison to the size of
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The Grape Phylloxera in California.

Phylloxera viti/oliac: Fig. L—Phylloxera nodosities shown on Zinfandel grapevine:

a, Nodosities on terminal rootlets; 6, nodosity showing Phylloxera feeding; c, adult louse;

d, molted skin of same. Fig. 2.—Phylloxera tuberosities on smaller root: a, Infested

portion of root; 6, normal portion of root. Fig. 3.—Section of grapevine root showing
adult louse with eggs in situ. Fig. 4.—Sections of root infested: a, Nev ly formed tuber-

osity; b, advanced stage of tuberosity; c, side view of older form of tuberosity; d, tuber-

osity causing the cracked condition of bark; c, yoimg colony of insects as found on roots.
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their wood growth than do healthy ones. Such grapes nfxature, how-

ever, without attaining a good size or their normal saccharine con-
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Fig. 3.—Phylloxera " spot " in Zinfandol vineyard, charted in 1915. Same " spot "

as shown in flgurr 2. (For description sec text.)

tent. Stunted vines produce leaves of a more uniform size than

healthy vines, and because the internodes of the canes are shorter,

the leaves appear more closely grouped, giving the " cabbage-head "
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appearance to the vines. Scarcity of rapid-growing terminal shoots

and absence of tendrils are characteristics of stunted vines. Plate

I, figure 1, shows a young vineyard which is uninfested and in which

the vines have made normal growth. Plate II shows a small phyl-

loxera " spot " in an old vineyard, the photograph showing stunted

vines in the foreground. Plate III and Plate I, figure 2, indicate

badly infested old vineyards, in which all the vines are phylloxe-

rated and most of them badly stunted. The vine in the foreground

of Plate III is obviously stunted, although less so than its neighbors.

PHYLLOXERA ROOT LESIONS.

Boot lesions are swellings on grape roots caused by the puncture

of the phylloxera beak. They are of two types, (1) nodosities and

(2) tuberosities.

The 7i.6)^osi%.—Nodosities (PI. IV, fig. 1) are rapidly growing

swellings on the white fleshy feeding rootlets. They soon acquire

a characteristic greenish-yellow color, and curve and bulge around

the phylloxerse responsible for their inception so that the insects

come to lie in a depression (PI. IV, fig. 1, &). A nodosity may be-

come as much as six times the diameter of the normal size of the root

when several insects have settled upon it, and about twice the di-

ameter for a single occupant. Through its size, fonn, and color,

the nodosity is very conspicuous in comparison with the root and is

manifest proof of the presence of the phylloxera.

In most cases the formation of a nodosity arrests the growth of the

rootlet. At times the rootlet grows one-fourth inch or so in length,

and occasionally the puncture of the phylloxera does not affect the

rootlet in its growth, the subsequent swelling acquiring a lignous

character and becoming a tuberosity. Nodosities are generally short-

lived, lasting about a month. Excess moisture hastens their decay,

lack of moisture dries them up, but a low, even temperature causes

them to last longer.

The foregoing also applies to the American variety of vines styled

nonresistant. On the rootlets of the resistant American vines the

phylloxeree frequently fail to cause swellings, and when nodosities

are produced they are smaller, less fleshy, and brown in color. At

times, though no swelling occurs, the rootlet dies at the point of

puncture.

The tuberosity.—T\\hQvo^\i\QS (PI. IV, figs. 2, 4) also are swellings

caused by the puncture of the aphid. Though of a similar nature,

they differ from nodosities in form because of the lignous character

of older roots. They occur on all parts of the root system of vinifera

vines except at the apex of the growing fibrous rootlets. They may
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also occur on the ti'unk of tlie vine, l)oth above and below the soil

surface. They are less commonly formed on roots of one year's

growth than on older wood. On resistant vines tuberous swellings

are normally quite unusual, but they may be formed on the healing

growth of the cambium layer about an abrasion. On most American

vines of nonresistant type, tuberosities are abundantly formed. On
viniferaX resistant hybrids the more the resistant strain predominates

the scarcer are the tuberosities.

Tuberosities are formed at any time between March and October,

most abundantly during the summer months. They are formed more

readily on vigorous roots than on those somewhat dried or decayed.

Hibernants often choose tuberosities upon which to pass the winter,

besides inducing their growth at points as yet sound and uninfested,

the mere insertion of the beak being sufficient to stimulate growth.

Tuberosities vary considerably in their general appearance, even

on the same vine. Some are minute papillae on the surface of

the root. Others are large, fleshy, rapidly growing, globular out-

growths, as much as half an inch in diameter, and this type is found

chiefly on the smaller roots. Others are enlargements of the girth

of the root at intervals, a type also confined to small roots. Others

consist of more or less uniformly rounded swellings of one-sixth

to one-fourth inch diameter on the root surface, and these are the

ones most commonly found on larger roots. Such tuberosities by

their growth generally split the epidermis of the root longitudinally,

and as the split tends to lengthen at both ends, the tuberosity assumes

an oval or elongate shape. Later, when the split enlarges, fresh

tuberosities are formed by aphids on the inner layer of bark exposed

by the split, and shortly a chain of lesions occurs along the crack.

These cracks lengthen and often involve a length of more than 6

inches. On roots growing horizontally or almost parallel to the soil

surface, the majority of the tuberosities will occur on the lower side,

the insects apparently settling there because of the greater moisture.

On vertical or sloping roots tuberosities occur more or less uniformly

all around. As long' as tliey remain fresh, tuberosities provide an

excellent quality of food for the aphids. This condition should be

distinguished from the rapid development observed in the case of

aphids settled on root callus, which forms at the point of severance

and is caused by the action of the healing cells of the cambium layer

becoming greatly enlarged and very fleshy, furnishing excellent

food for the aphids, through the natural function of the wounded
root.

Many factors influence the length of existence of tuberosities. In

general, it is found that those formed in the autumn will last imtil

the rain}' season, and commence to decay immediately afterwards.



24 BITLLETIlSr 903, U. S. DEPARTMENT OF AGRICULTURE.

Their decay is expedited by a heavy rainfall and a high-water table.

Those formed during the spring and summer in a moist environment

rarely persist fresh beyond two months, and most of them decay

about one month after they arise. It has been repeatedly observed

how quickly a fresh tuberosity decays when it is placed against wet

sand, and if a stream of water finds its way down a root the tuberosi-

ties thereon start to decay immediately. On the other hand, they

are more capable of withstanding dry soil conditions than are the

nodosities, and under conditions approaching drought, which some-

times occur in late summer and autumn, may last for a considerable

time and even lignify, the dry environment having caused the insects

settled on them to seek more favorable conditions of moisture and

at the same time having kept in check decomposition. Tuberosities

withstand a considerably greater range in temperature than do

nodosities, and they are not affected by sudden changes in tempera-

ture in the same manner as are the nodosities.

Tuberosities grow larger and more rapidly in proportion to the

soundness of the roots. On roots previously uninfested the growth

of the swellings is rapid and vigorous, and a root, after it has been

heavily phylloxerated for several months, becomes so greatly ex-

hausted that it can not respond to the punctures of the aphids by
developing new swellings, and the phylloxerse that are not gradually

driven away to seek more nutritious food develop on the root without

causing swellings. The decay of the tuberosities begins at the place

first punctured by the aphids, generally at about the center of the

swellings. The tuberosity forms around the insect, and decay is

first evident as a small, blackened.spot, sometimes exuding a liquid.

The rapidity of decay of tuberosities is in proportion to the increasing

moisture content of their environment, and in an unusually dry

environment they frequently will lignify without causing the tissues

to rot. Under moist conditions the inflated cells rapidly break down
and decay usually spreads, and fungi and molds enter the tissues, es-

pecially in the case of large bulbous swellings. Decay finally drives

off the aphids, but through their stimulating action they are often

able to retain the freshness of a tuberosity for some time after it

has been surrounded by decayed tissues, and occasionally a fresh,

vigorous specimen is found on a root otherwise quite decayed. The
nutritious quality of these tuberous lesions provides for the produc-

tion of nymphs in great numbers.

HOW ROOT LESIONS AFFECT THE HEALTH OF VINES.

It has been shown in the foregoing pages that the nodosities are

those phylloxera lesions formed at the apex of growing fibrous root-

lets, whereas the tuberosities are lesions formed on all other parts
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of the root system. Since the vine derives its plant food through

the «i:rowing rootlets that thrust their way through the soil, it is

obvious that when such rootlets rot as a result of the decay of the

nodosities situated on them no more sustenance can be afforded

the plant through this medium. If, on the other hand, the rootlets

continue to grow notwithstanding the nodosities situated on them,

and if the nodosities lignify, the supply of nourishment provided by

the rootlets is not cut off, and the nodosities become in effect tuber-

osities. This is often the case with resistant vines, and much more

rarely with vinifera or nonresistant Americans. In resistants these

tuberosities generally lignify and heal, but in the other types of vines

they do this only if their environment is quite dry. Nodosities effec-

tively destroy the terminal rootlets; but since the insects spread

very slowly on resistants, a vine of any vigor has abundant feeders,

and thus it follows that resistant vines bearing very few or no tuber-

osities, but having many nodosities, do not succumb to phylloxera.

Resistant vines never lack the power to produce enough feeding

rootlets to sustain them as long as the following conditions, which

are normal to these vines, obtain: (1) When the development and

spread of the phylloxene on them are comparatively slow; (2) when

a large percentage of insects that have been raised on the nodosi-

ties become nymphs and later leave the roots as winged migrants,

in an endeavor to reach the surface of the ground or the aerial

parts of the vines. Both of these conditions may be affected by the

(|uality of plant food, as will be shown. Instances have been seen

in which young resistant vines have been rid of their entire infesta-

tion because all of the immature phylloxerse became winged migrants

in the autumn, but in the majority of cases of infested resistant

vines under observation there remained in late fall a small wingless

infestation, and in some instances where the vines had been growing

in small pots with insufficient nourishment infestations of wingless

aphids persisted, and the production of winged migrants during the

autumn was proportionately small. These wingless infestations,

however, were not prolific. It appears that thrifty resistant vines

afford poor nourishment for phylloxerse, and they do not respond to

phylloxeric irritation by producing swellings. When, however, re-

sistant vines become weakened through a poor supply of plant food,

the phylloxerfe attacking them persist and the vines respond to the

phylloxeric irritation and form lesions.

Although the decay o-f the nodosities on vinifera vines destroys the

feeding rootlets, this in itself is not a potent factor in the destruc-

tion of the vines by phylloxera. Except under abnormal conditions,

such as the confinement of vines in pots with impoverished soil, no

case has ever been observed in which the death of a vine could be

attributed solely to the decay of nodosities, whereas instances have
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been observed wherein vines flourished with their vitality but

slightly impaired, notwithstanding a nodositous infestation extend-

ing over several j^ears. One such instance was that of a 20-year-old

vinej'^ard of Burger and Chasselas (viniferae) near Napa, Calif.

In 1913 the vines had been phylloxerated for upward of eight years,

and each year the nodosities had been extremely abundant and prac-

tically no tuberosities had been developed, yet the vines appeared

quite thrifty, owing to the maintenance of a sufficient number

of uninfested feeders. It is the decay of the tuberosities on the

hirger roots, which the vine can not replace, that causes at first the

impairment of the vine's functions and later results in its death.

The simultaneous decay of many tuberosities is the cause of rapid

decline in the vigor of a vine and is the prelude to the vine's death.

The larger roots near the crown of the vine are especially susceptible

to tuberositous decay, while the decay of a root below the crown

is often very slow. This lower portion under favorable conditions

is able to maintain itself undecayed for months, if not years, and is

capable of providing nourishment for pliylloxera\ It is frequently

observable that vines retain their vigor despite a ring of decay at

the crown of the roots, and do not become stunted until the major

portions of the larger roots have rotted.

In a discussion of the effect of root lesions on the health of vines,

emphasis should be placed upon the decay of the tuberositous le-

sions and upon the fact that this decay is invariably hastened by
moisture and retarded by dryness. Decomposition is often hastened

by the work of fungi, molds, thysanurans, and tyroglyphid mites.

The most common mite so working is Rhizoglyj)hi(s elongatus Banks,

specimens of which were determined by Mr. Nathan Banks. It is

a rather large species and is very prevalent throughout the grape

sections of California. It was frequently reared on decaying roots

kept in the cellar of the laboratory. The mite is hyaline white,

with two brown circular spots, one behind the other, on the dorsum

of the abdomen.

NOMENCLATURE AND SYNONYMY OF THE GRAPE PHYLLOXERA.

The genus Phylloxera was erected in 1834 by Boyer de Fons-

colombe (10). The type species is P. quercus de Fonscolombe. In

1856 Asa Fitch (9) described the grape-leaf gall louse as Pemphigus

vitifoliae. The species was obviously placed in the wrong genus.

In 1867 Shimer (21) erected a new family (Dactylosphaeridae) and

a new genus, Dactylosphaera, for a new species of his {glohosv in) and

tentatively placed vitifoliae Fitch in this neAv family and genus. In a

footnote he also proposed the genus Viteus for Fitch's insect. In 1868

Planchon (20) described the grape root louse from France as Rhyz-
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aphis vastatriv Plnnchon, and in the same year Signoret (22) placed

the species vcustah'ir in tlie genus Phylloxera de Fonscolomhe. The

year following Westwood (23), in England, described the insect as

Feritymhia viiisana, but in a later article the same year he i)laced

his species in synoijymy as follows: Feritynihia vitisana Westwood=
Femphigus vitifoUae Fitch, Dactylosphaera (?) vitifoliae Shimer,

and Phylloxera va^tatrix Planchon (19). Until 1900 the name gen-

erally^ recognized by writers had been Fhylloxera vastatrix Planchon.

In 1900 Del Guercio (12), in Italy, erected the genus Xerampelus to

receive the grapevine species, which he therefore called Xerampelus

vastator. This genus has not been recognized by all later authors.

Grassi (il, p. 12) would retain Shimer's proposed genus Viteus as a

subgenus to Fhylloxera, and would thus name the s})ecies Fhylloxera

{Vifeus) vastaMx. The present writers are inclined to retain the

specific name vitifoliae Fitch on account of its evident priority over

Planchon's more widely known vastatrix\ and notwithstanding the

objections raised by authors as to its orthographical correctness

{vitisfolii and vitifolii have been preferred and written). As to the

generic title, it has been decided that Fhylloxera will be retained,

the question of the subdivision of the genus being left to those who
have had more opportunity to study the specific ramifications of

this group.

The synonymy of the grape phylloxera as understood by the

writers is therefore as follows

:

Phylloxera vitifoliae (Fitch).

Pemphigus vitifoUae Fitch, 1855-56.

Dactylosphaera (?) vitifoUae (Fitch) Shimer, 1S67.

Viteus VitifoUae (Fitch) Shimer, 1867.

Rhyzaphis vastatrix IManclion, 1S68.

Phylloxera vastatrix (Planchon) Sifrnoret, 1S68.

Peritymbia vitisana Westwood, 1869.

Xerampelus vastator (Planchon) Del Guercio, 1900.

Viteus vastator (Planchon) Grassi et al. 1912.

BIOLOGY OF THE GRAPE PHYLLOXERA IN CALIFORNIA.

THE LIFE CYCLE.

The complete life cycle of the grape Phylloxera under natural con-

ditions, i. e., on the wild vines of eastern North America, is extremely
complicated (fig. 4). It is not the intention of the authors to enter

into all the ramifications of this cycle in the present paper, but it

may be said that the following are the main forms that occur: (1)
The stem mother or fundatrix, which hatches in spring from the
winter e^g, ascends to an early leaf, settles on the upper surface,

and causes to form around her a pocketlike gall opening on the
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A/

-G/=?(DcyA/^

Fig. 4.

—

Phylloxera vitifoliac: Genealogical graph of the grape phylloxera in the eastern
part of North America and in the Mediterranean regions. A, Hibernant radicicole ;

B-G, successive radicicole generations ; H, winged sexuparous migrant ; I, sexes

;

.7, stem-mother gallicole ; K-P, successive gallicole generations, part of the young larvae

of which proceed below ground (Q) to join the radicicole circle at various stages de-

pendent upon the gallicole generation of which they were members ; Z. emergence above
ground of the wandering radicicole larvae. In this figure, in order to avoid undue con-

fusion, no account has been taken of the development in the galls of winged sexuparous
migrants. Such development is unusual, but it indicates the possibility of a life cycle

entirely aerial.
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upper side of the leaf; (2) several partheno<;enetic *;cnerations to

Avliich the stem mother gives rise, some of which settle on the foliage

and produce new galls, as gallicoles, while others repair to the roots

and settle on them as radicicoles; (3) parthenogenetic generations

on the roots descended from the phylloxerae wdiich Avent from the

foliage to the roots; (4) winged migratory forms, comprising a very

variable percentage of the root and gall forms, produced in summer
and autumn, which fly or are transported by wind to other vines and

oviposit either under the bark or on the leaves; (5) the true sexes,

which are w^ingless and beakless; (6) the winter eg^, deposited under

the bark by the sexed female after coition; (7) radicicoles, born on
roots in the late autumn, wdiich pass the winter thereon as small

hibernants, mature the spring following, and give rise to radicicole

generations which succeed one another during the summer and
autumn. This, briefly, is the life cycle that occurs in parts of

Europe where American vines are used for stock, and in the eastern

and southern United States on the wdld grapes and on varieties de-

rived from them.

It will be observed that the winter may be passed in two forms

—

the winter egg and the hibernant, the former on the aerial and the

latter on the subterranean or root portion of the vine. On certain

wild grapes, as Vitis riparia, ^\ rupestris, and V. herlandieri, and on
hybrids from these species, the former is the normal form, and hiber-

nating larvse are rare. On species like Tifis lahrusca, V. monticola^

and their derivatives, both forms may occur. On viniferse {Vitis

vinifera) the latter form is by far the more common. In the

majority of European grape districts both forms occur, the former
on American resistant vines and the latter on viniferse, but in other

localities, even where resistant vines are used, the winter egg is very

scarce. These include certain regions of France and California, and
it appears that in California the hibernant is normally the only form
that passes the winter.

The suppression of the winter Qgg, and, therefore, of the succeeding

gall form, brings about a modified life cycle in the California vine-

yard which may be briefly described as follows: (1) The hibernant

radicicole passes the winter as a larva on the roots and occasionally

on the trunk beneath the bark. (2) The hibernant, when mature,

gives rise to generations of radicicoles, and the aphids that issue

from eggs in late autumn become hibernants. (3) A certain per-

centage of radicicoles, varying from causes such as humidity, tem-

perature, condition of food, and variety of vine, develop into winged
migrants and issue from the ground. (4) Radicicole larvae forsake

the roots and seek to reach other vines either by way of the soil

surface or through subterranean passages such as cracks.
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The part of the life cycle from the sexes to the ojallicoles through
the winter egg and fimdatrix is either omitted or does not proceed
beyond the winter egg in California, notwithstanding the frequent

Fig. 5.

—

Phyllotrera vitifoHar: Oenpalogical graph of thp grapp phylloxora in California.
A, hibernant radicicole ; B-G, successive radicicole generations ; H, winged sexuparous
migrant ; /, sexes ; Z. emergence above ground of the wandering radicicole larviP.

abundance of resistant types of vines, types many of which normally
bear galls in other localities. The result is that the California cycle

(fig. T)) is i^urely parthenogenetic and is therefore greatly modified

from the original cycle (fig. 4) occurring on wild vines, the natural

hosts of the insect.
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RESUME OF LIFE HISTORY IN CAUFORNIA.

A resume of the life history will he presented hefore all the dif-

ferent stages and hahits of the phylloxera in California are discussed

in detail. This resume is confined to the biology of the insect on

viniferae and does not consider the life history on resistant roots.

Over 99 per cent of the phylloxerse pass the winter as small brown-

ish unmolted larvae, the remainder hibernating after having passed

one or two molts. All parts of the root system are used for liibernat-

ing quarters, but the majority cluster on the larger roots, following

an upward migration in the fall.

Coincident with the first sap flow in early spring is the growth of

the hibernants, but in a given vineyard the earliest individuals com-

mence to grow fully six weeks before the most tardy ones, so that

after the foliage has opened, hibernating larvae are still to be found

on the roots. The development of the hibernants is considerably

slower than that of the summer broods, and the former mature on

the average about live and one-half weeks after they commence their

spring growth. The development of the larva3 is at all times influ-

enced by the quality of food and by conditions of humidity ' and

temperature.

Upon casting its fourth skin, the hibernant is mature and com-

mences egg deposition. Its progeny are the first-generation phyl-

loxerse, and these on hatching from the eggs either settle beside the

eggshell or go in search of new food. Many aphicls settle on young

growing rootlets and produce the fleshy swellings, termed "nodo-

sities." Others settle upon older roots and produce swellings, termed
" tuberosities." Still others develop on roots without causing the

development of either perceptible swellings or lesions. Individuals

feeding upon nodosities develop more rapidly than do those on the

unsAvollen surface of the root. The nodosities usually decay within

a few weeks after their formation, and in most cases the destruction

of the rootlets follows. The tuberosities also usually decay in time.

The rotting of the nodosities is not very serious, as the vine can

supply new apical growth, but the decay of the tuberosities leads to

the decay of the larger roots either wholly or in part, and as a result

the vitality of the vine is greatly impaired, or the vine is killed

outright.

The first-generation individuals are mature in from four to seven

weeks after the eggs have been deposited, and they in their turn

deposit eggs, which produce further generations throughout the

summer and autumn.

Owing to the fact that, under favorable conditions, the adults

deposit eggs during an average period of 45 days, an overlapping of

generations ensues during the summer and fall. In order to avoid
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confusion, it is assumed that there are five generations annually,

since this number is about the average in a vineyard in which the

sap moves early, although there might be, under certain conditions,

from one to eight or even nine generations within a single year.

The hibernant generation having matured in April, the succeeding

generation matures about the time the canes have ended their first

rapid growth, approximately the end of May. Succeeding genera-

tions mature on about the following average dates : Second, July 6

;

third, August 15 ; fourth, September 30 ; the fifth generation hiber-

nating.

A variable percentage of the larvae of generations 2, 3, and 4

becomes nymphs, and these later emerge from the ground as winged

insects and either fly away or are borne off on the wind. Large

numbers of these are caught in spider webs. Many of the newly

hatched larvae develop a wandering tendency just after they have

issued from the eggshell and seek to emigrate to other vines either

through the soil or over the surface of the ground. Large numbers

of these migrating larvae are also caught in spider webs on the surface,

and. while only a small percentage reach their destination, a single

individual may start a new infestation. Those of the larvae that suc-

ceed in fastening upon a root or rootlet develop as radicicoles.

The winged forms normally occur from June to October, and the

wandering larvae are found from July to September.

During July and August, when the adult radicicoles are most

prolific, incubation and development proceed most rapidly, and the

phylloxera may be said then to have reached its most active stage.

It is at this stage that the greatest damage is done to the roots of the

vines, although the effects are not generally apparent until the fall

and Avinter following, when the lesions formed during the summer

have decayed.

At the end of September a few of the newly hatched larvae

hibernate, and throughout October successive generations become

hibernants, so that by the end of the month a large majority of the

phylloxera have reached this stage. During November and the

first half of December, a few mature radicicoles and growing larvae

may be found, but after the middle of December, it is unusual to

find any form but the hibernating larva.

Under conditions of abundant food supply, the period of egg

deposition of the radicicoles averages 45 days and may reach a

maximum of 110 days. This average is nearly constant throughout

the season. The average number of eggs deposited is about 117,

but under certain conditions the number may be increased to 486.

The daily average number is about 2^+ eggs, and as many as 23

eggs have been deposited in 24 hours by a single phylloxera.
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The rate of egg deposition is usually indicated by a sharp rise shortly

after commencement, followed by a gradual decline. During the

period of egg laying the adult feeds, and after the last egg is laid

may live for as long as three weeks.

Incubation naturally is influenced by temperature, and the dura-

tion of the incubation period may vary from five days in July to

over a month in December. Very few eggs are laid in December, but

in March and April, when many eggs are deposited, the maximum
period of incubation is 27 days.

The larvae mature in midsummer in about 15 days, and in April

and November in about 34 days, and the hibernant generation de-

velops in about 180 days. The winged forms mature more slowly

than do the wingless individuals, since the fourth or nymphal instar

is noticeably extended beyond that of the corresponding wingless

stage.

In the late fall a few individuals intermediate in structure be-

tween the nymphs and radicicoles are found. These are called

" nymphicals " or intermediates and, so far as is known, they de-

posit the same type of eggs as the radicicoles, although they are

not prolific. From egg deposition to the molting of the final skin,

the period covered by the sexes, which develop from eggs of two

sizes laid by the winged forms, was about 12 days in confinement.

All stages of the phylloxera molt four times, and the first instar

is always the longest (the adult instar excepted).

HIBERNATION.

The phe?iomenon of hibernation.—Throughout autumn and early

winter an ever-increasing percentage of newly hatched radicicole lar-

vae, instead of increasing in size and maturing normally, remain

as very small brown phylloxerae (PI. IX, d, p. 64). As winter pro-

gresses, the mature individuals die, leaving only the small brown

larvse and a few unhatched eggs. As soon as these late eggs hatch,

the larvae settle down, becoming brown like the others. These small

larvae are the hibernants, and as such they remain throughout the

dormant period. Occasionally phylloxerae that have passed one or

two molts hibernate. This type is quite unusual, and probably con-

sists of individuals that have reached a certain stage of development

and are unable, through lack of nourishment, to mature, most of them
dying before spring.

Hibernant larvae occur on all kinds of vines—on viniferae and

on American varieties and hybrids. While this form of phylloxera

occurs more or less sparingly on American resistant vines {Vltis

riparia^ V. rupestris, V. herlandieri, etc.) and on some American

1900'—21 3
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iionresistiint X resistant hybrids, it finds its greatest development

on viniferse and on certain American nonresistant varieties of Vitw

labrusca, V. aestivalis, and V. monticola. On the wild species of

Vitis of the eastern and southern parts of North America, consid-

ered as the original hosts of the grape phylloxera, is found a com-

plicated life cycle embracing gallicoles (gall lice), radicicoles (root

lice), winged 'migrants, sexed forms, winter eggs, and true stem

mothers. The hibernants are rarely abundant on these wild spe-

cies of vines, and the winter is passed chiefly in the winter-egg

stage. On vinifera {Vitis vinifera) this complicated life cycle is

rarely completed, and a simpler one, comprising only the root forms,

obtains. Therefore, in the absence of the winter e^g, the winter

]>eriod must be tided over b^^ another form, which is supplied in

the hibernant larva. It appears that, to the phylloxera, Vitis vinifera

is an acquired food plant, and that the nature and construction of

the Old World grapevine has changed the habits and life history

of the grape phylloxera feeding on it.

On viniferse, although hibernation takes place chiefly on the

larger roots and on the subterranean portion of the trunk, it occurs

r.lso on nodosities and on smaller roots.

Hibernants are located both on lesions and on the normal surface

of the roots. On the varieties of resistant vines and certain hybrids

(vinifera X resistant and resistant X American nonresistant) that

have been examined, it has been found that hibernation occurs

chiefly on nodosities and less frequently on the normal root surface.

Tuberosities rarely are formed on these vines. On American non-

resistant and Adnifera X nonresistant hybrids, hibernation was
chiefly of the type found on the vini ferae. On Golden Champion,

Agawam, Catawba, Isabella, Lenoir, and Delaware, hibernants oc-

curred on tuberosities, nodosities, and the normal root surface. On
Moore's Early they were located on nodosities and on larger roots

but not on tuberosities.

Appearance of hibernants.—The hibernants (PL IX, d, e, /,

p. 64) appear as little oval brown insects flatly appressed to the

surface of the root, their legs folded underneath the body. The
antennae are borne at right angles to the major body axis, and hardly

project beyond the maximum width of the body. The whole insect

generally shows one color, but sometimes there is a darker median

longitudinal line, except on the head. In those individuals which

have molted before going into hil)ernation, a similar shade of darker

brown occurs. Occasionally lighter individuals will be noted, but

none is ever as pale as the growing and feeding radicicole larvae.

Hibernants located under several layers of bark, as a rule, exhibit a

paler color than those living more exposed.
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FIXATION OK BEAK.

To secure information rej^arding the fixation of the beak in the

root five lots of hibernants were examined on January 23, 1914.

The results are given below.

Table II.

—

Fixation of beak of Jiihcrnants of the tjrapc phiiUo.icra.

Lot No.
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Hibernants on nodosities sometimes keep these fresh until si)ring

by the stimuhiting action of their implanted beaks. Such nodosities,

especially in vinifera and labrusca vines, otherwise usually fail to

pass the winter in a fresh condition, as they are suscej^tible to rot

through moisture.

DURATION OF INSTAR.

With the exception of the winter egg, the hibernant instar is the

longest found in the life cycle of the phylloxera. A series of experi-

ments undertaken in the laboratory during the winter 1911-12 showed
that the average for 12 individuals was 183 days, or approximately

half a year. A later series of experiments, which took place both

on living vines and in the cellar on severed roots, indicated that

this period may be shortened to four and one-half months and length-

ened to seven and one-half months, dependent, as usual, on food,

temperature, and moisture conditions, and that six months is about

the average period for the development of the hibernants. This

period was considered from the date in the fall on which the insect

hatched from the e^g to that on which the insect became mature the

spring following. The actual state of dormancy is from three to six

weeks shorter, and thus approximates five months. Granted that

radicicoles may live for three months after reaching maturity, it

is apparent that hiliernating phylloxera; might attain a total longev-

ity of over 10 months.

MOVEMENT ON THE ROOTS.

On a sound root, the overwintered phylloxerse rarely change their

positions while they develop. If situated on tuberosities or nodosi-

ties, they cause these lesions to become enlarged, and if situated on

the normal root surface they cause the formation of new lesions.

Occasionally they develop without causing a lesion to appear. On
decayed and decaying roots, they move away after the first or later

molts and seek better food. This movement is both upward and

downward, indiscriminately, and is never extensive. The individ-

uals show only feeble inclination toAvard migration. This genera-

tion appears to be the lowest in vitality and the quickest to succumb

to adverse conditions.

GROWTH AND MATURING OF THE HIBERNANTS.

During the true hibernation period the phylloxeras apparently

take no food, and if any be taken no increase in growth can be noted.

Later a slow but appreciable growth may be observed, which indi-

cates the termination of the true hibernation period. A growing
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period, varying from one to six weeks, ensues, and after this the first

molt occurs. In the course of from two to six weeks after the first

molt three additional molts take place, and at the ctmclusion of the

fourth molt the phylloxera is mature. This spring growth and de-

velopment, as observed in the vineyard and in cages, is extended over

a period of about three and a half months, and usually occurs during

the period from February 15 to April 15. The commencement of

growth in phylloxera is noted to be coincident with the first move-

ment of sap in the vine, and naturally both are influenced by |3re-

vailing meteorological conditions. Upon reaching the adult stage

the hibernant immediately begins the deposition of its eggs, and in

this manner the series of parthenogenetic generations destined to

continue through the season is commenced.

Measurements.—During the winter of 1913-14 hibernated larvse

were measured at certain intervals to determine at what time the

spring growth started. On October 27, 1913, seven individuals

which had recently hibernated averaged 0.333 mm. in length and

0.202 mm. in maximum width ; on January 6, 1914, four individuals

which had hibernated in October, 1913, averaged 0.337 mm. in length

and 0.198 mm. in maximum w^dth; on February 23, 1914, four indi-

viduals averaged 0.410 mm. in length and 0.217 mm. in maximum
Avidth; and on March 10, 1914, five individuals averaged 0.421 mm,
and 0.241 mm., respectively. Between October and January there

was no difference in size, but between January 6 and February 23

there was a marked difference, both individually and collectively,

showing that between these dates the hibernants had begun to feed.

The measurements of the individuals taken on March 10 showed

that considerable growth occurred between February 23 and that

date. None of the insects measured had molted, and observations

showed that perceptible growth did not begin before February 10.

The average length of the beak of the newly hatched radicicole

destined to hibernate is slightly over 0.2 mm., but after it has been

inserted in the root it becomes somewhat telescoped and measures

about 0.17 mm.
The majority of the hibernants before they start to grow are

smaller than the newly hatched radicicoles, and therefore they actu-

ally shrink in size after they hatch from the egg and settle to

hibernate. Those that feed before hibernating do not shrink to

such a small size.

Hihernation iii vineyai^ds.—In the vineyards it has been observed

that the phylloxerse enter into hibernation as early as September 15

and as late as December 15. Prior to October 1 only a small per-

centage of hibernants have been found, and after November 20
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only a small percentage have been observed that were not hibernants.

The greater number of the aphicls enter hibernation during October

and the first half of November; that is, a majority of the larvae

hatching from eggs in this period settle down to hibernate. A few

of those hatching before October become hibernants. After Decem-

ber 1 it is very unusual to find eggs. The phylloxerse do not enter

into hibernation all at one time, and even on a single given grape-

vine the entering into hibernation is protracted over several weeks

and often as long as two months. The causes that induce the young

larvse to hibernate instead of proceeding with their normal growth

are three: (1) Condition of sap flow, (2) condition of food, (3)

temperature and humidity. Hibernation in general takes place at

the time when aerial and radical growth of the vine slacken in the

fall. If the soil temperature is high, there is a tendency to post-

pone hibernating until some time after the terminal growths have

apparently ceased. On decayed and decaying roots the phylloxerse

hibernate earlier and on nodosities and sound tuberosities later than

on the surface of a normal root. Regarding the influence of tem-

perature, Mayet (15), in discussing the hibernant form, states that

eggs die when the temperature falls below 10° C. He states further

:

This temperature of 10° C. appears to be the minimum under which the in-

sects become numb, and above which they go out of their torpor * * * m.

Maurice Girard proved, experimentally, by means of a freezing mixture, that

the phylloxera would sustain a temperature of —8° and —10° C. without dying.

The present writers' observations in the vineyards show that,

broadly speaking, when the temperature drops to a minimum of 66°

F. about half the individuals are hibernants, and when the maximum
in spring has risen to 58° F. about half the individuals have com-

menced growing. The phylloxeree enter hibernation under a consid-

erably higher temperature than that which obtains at the time their

spring growth begins.

Character of soil has no direct influence on hibernation, but it may
have an indirect influence in so far as it may affect the condition of

the roots. The heavier soils hold the moisture longer than those

of lighter types, bringing about a more rapid decay of the roots and

compelling early hibernation. Cold soils also force the insects into

early hibernation.

In the vineyards the bulk of the hibernants occur on the lower

part of the stump and on the basal portions of the main roots. Hiber-

nants also ascend older vines several inches above the soil surface,

where they are concealed under layers of bark. Often most of those

that go above the soil surface perish from cold (16). On the smaller

rootlets are found small numbers of hibernants, many of them on

nodosities on which they pass the winter, frequently with a consid-

erable percentage of mortality. On vines that have been heavily
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attacked for years previous, it is unusual to find hibernants, except

at the base of large roots or on the trunk, because the roots that were

attacked the previous summer tend to rot badly when moistened by

winter rains, and consequently most of the hibernants remaining

thereon die, and only those higher up on sounder pieces of roots

survive in abundance. The basal part of a large root is not gener-

ally badly attacked during summer, and so there are not enough

tuberosities to rot it during the succeeding winter.

A very noticeable tendency is for the hibernants to congregate in

masses. Such masses occur on the normal surface of the root, on

tuberosities, on nodosities, and under one or more layers of bark.

Perhaps in general on a grossly infested vine more masses occur

on the outside bark, but this is only because the preferred sheltered

places are too few and are inadequate to cover all the phylloxerse.

On younger vines a favorable location for hibernating is at the

foot of the stump. On older vines this position is not so generally

chosen. On vines which are only lightly infested the phylloxera}

often congregate at certain spots, while other spots, apparently as

favorable, are neglected. On the heavily infested vines all the favor-

able spots for hibernation are utilized, the majority of the insects

being forced to locate on the unsheltered outside bark of the root.

In vineyards the growth and maturing of the hibernants in spring

extends over a period about as long as that covered by the entering

into hibernation in the fall. The growth first becomes apparent

about February 25, and proceeds until the time arrives when the

most tardy individuals mature. Immature hibernants are found as

late as May, but by April 15 the great majority have become mature.

Just as in the case of " entering hibernation," so in the " spring

development," a wide range occurs even on single given vines. The
earliest individual may commence growth two months or more
before the most tardy. On an average, it takes about five weeks

for the hibernants to mature after they have first shown perceptible

growth. On sound lesions this is shortened to as much as three

weeks, and on decaying portions of roots lengthened to as much as

eight weeks. INIany of those on decayed roots die from ill nour-

ishment before maturing, but the majority of such move away to seek

better food.

The forces which influence the growth of the phylloxerse in spring

are a reversal of those which impel hibernation in the fall. As
stated, the phylloxerse start to grow about the time when the sap

begins to flow. On dying vines in which the sap flow is either not

apparent or very weak, the phylloxerse on the more healthy roots

show perceptible growth in like manner to those living on healthy

vines, in which case their activity is supposedly due solely or chiefly

to meteorological effect. The spring growth on unhealthy roots



40 BTTLLETIIT 903, U. S. DEPARTMENT OF AGRICULTUEE.

is curtailed and commences late. On nodosities and tuberosities

which have remained fresh during winter, the succulent condition of
the food induces early growth on the part of the phylloxerse.

Hihernation under cellar conditions.—During the period 1911-1915

hibernation was observed on severed roots in the laboratory cellar.

These roots were kept in glass battery jars and in petri dishes and
remained in a fresh condition when systematically moistened. Good
callus growth and sometimes fleshy offshoots were obtained, es-

pecially when a layer of moist sand was placed in the bottom of the

dishes. The phylloxerse caused the formation of lesions in similar

manner as on roots of living vines.

Under cellar conditions hibernation was often prolonged beyond
the period found to occur in the vineyards, and this prolongation re-

sulted in a small number of phylloxerse maturing very late. The
" awakening " period in spring was not different from that found
in the vineyards under equalized temperatures. Under cellar con-

ditions a greater mortality existed among hibernants than in the

vineyards. This was suj^posedly due to the greater range of daily

temperatures, to the abnormal condition of the roots severed from
the vine, and to the apparent lack of sap flow. In the cellar hiber-

nants a greater variation in size and color existed, even in unmolted
phylloxerse, than in the vineyard on living vines. A very small per-

centage of hibernants w^ere observed to pass the winter in the second

and third instars. Eggs were never observed to pass the winter,

since all eggs laid late in the year hatched in due course according to

temperatures. No mature or fourth-instar phylloxerse were observed

to hibernate. Adult radicicoles in late autumn, as at other times,

lived for some days or even weeks after they deposited their last egg,

but none was found that survived until spring.

Observations on the hibernation of phylloxerse reared on sev-

ered roots under cellar conditions may be summed up as follows:

The first phylloxerse entered hibernation as early as August, in ex-

treme cases in July, and the percentage of hibernating individuals

from that time gradually increased. By October 1, it was found

that on the average about 30 per cent of the individuals were hiber-

nants. By the last of October from 85 to 90 per cent were hibernants.

All the living phylloxerse, however, were not hibernants until the end

of December, and during November and December a dwindling num-
ber of adults and unhatched eggs were observed. All larvse hatching

after November 1 settled down to hibernate, and about three-fourths

of those which hatched in October did likewise, the individuals com-

prising the other fourth maturing toward the end of October and
in November and continuing to deposit eggs up to December.
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The Sirring growth began in the earliest individuals about Jan-

uary 25; by the middle of March nearly all the phylloxera; were

growing and about half were mature. Some individuals remained

dormant as late as the middle of April, and the most tardy did not

mature until the middle of May or even later. On very poor

roots many never matured at all. The period of appreciable growth

]n-ior to the shedding of the first skin averaged two weeks and the

period from first molt to maturity about three weeks. On vigorous

roots the hibernants mostly developed without changing their posi-

tions, but they forsook in large numbers roots decayed or decaying.

These emigrations occur both before and after molting but chiefly

just following a molt.

In comparing the hibernation on severed roots as observed under

cellar conditions with that on living roots as observed in the vine-

yards, in pots, and in special box cages, several points are to be noted.

(1) The phylloxerse on the severed roots in the cellar entered hiber-

nation in a more irregular manner than did those on the living vines.

This condition appears due to the following causes: The severed roots

were cut off from a normal flow of sap, the temperature fluctuations

in the cellar were greater, and in the months of July, August, and

September the temperature reached a lower daily minimum than

in the vineyards; (2) the phylloxerse hibernating in the cellar ma-

tured earlier in the spring than those on living vines out of doors by

reason of the higher temperature obtaining in the cellar during

January and February; (3) there was a greater mortality among the

hibernants in the cellar, due to the fact that the severed roots often

dried up or decayed before spring; (4) numbers of the phylloxerse

occasionally hibernated after they had shown appreciable growth

or even cast a skin. This phenomenon rarely has been observed

on living roots. In other respects the behavior of the phylloxerse

on severed roots did not differ from that on living roots. In excep-

tional cases vigorous pieces of severed roots were observed to send

out fleshy rootlets in early spring, indicating a modified sap flow,

and on such roots the phylloxerse moved early and appeared to

be influenced by this flow of sap. The comparatively high winter

temperatures obtaining in the cellar undoubtedly produced this modi-

fied sap flow, since it occurred much earlier than the corresponding

flow in the vineyards.

Hibernation on vinifera vines in cages^ 1913-lIf.—The following

observations were conducted upon the roots of living vines of differ-

ent varieties growing in special cages (Pis. V-VII, p. 52). The vines

were young and satisfactory specimens for the experiments. The

exposed portions of the roots between the upper and lower pots were

about 4 inches long, one-fourth inch in diameter, and from 10 to 14

inches below the soil surface of the upper pot. Although both ends
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of the exposed portions of roots were surrounded by an inch of fine

sand, and all inoculations were made on these exposed portions, it

frequently happened that phylloxeree found their way to the unex-

posed portions, so that in the winter following the inoculations

hibernants were found in both the exposed and unexposed portions.

The temperatures in the cages differed but slightly from those re-

corded simidtaneously 2 feet below the soil surface in the laboratory

vineyard. In 1913-14 in midwinter, however, the former touched a

mark about 10° F. lower, besides being uniformly lower throughout

December and January in both the seasons 1913-14 and 1914-15.

During the period (August to November) in which the phylloxerse

entered hibernation there was no appreciable difference, and before

the commencement of the spring growth of the hibernants the tem-

peratures were again equalized. Thus, in the periods of entering

into and awakening from hibernation, vineyard conditions were
reproduced in the cages as far as temperature was concerned. Con-
temporaneous vineyard observations show that the behavior of the

hibernants on living vines in the cages simulated closely the be-

havior of those in the vineyards in the locality, and the habit of

clustering was often noted. The aphids entered into hibernation

and showed spring activity much as they did in the vineyards, but

in each phenomenon there was an exception. In 1914, six aphids

out of a lot of nine individuals hatching between August 24 and 2G

proceeded to hibernate. Such early hibernation with succulent food

present is quite unusual in the field. Again, in 1914, on another vine,

part of a series of hibernants cast their skins as early as February

23, indicating that growth commenced not later than February 15.

In the vineyard, even upon warm soils, the first date of activity was
never earlier than February 25. This early spring activity in the

cages was possibly due to comparatively high temperatures in Feb-

ruary, this being the only month during which the cage temperatures

exceeded those in the soil.

Hibernation on American resistant and nonresistant vines in cages^

1911^-16.—Along with the vinifera vines i:)lanted in the special cages

for observing the phylloxeree on living roots, a number of American
resistant and nonresistant vines were used for similar observation.

The nonresistant varieties (propagated from Vitis labrusca and F.

aestivalis) were Catawba, Isabella, Lenoir, Delaware, and Champion.
The Muscadine (T". rotundlfolm) was used also. The resistant

hybrids, some of which were grafted to viniferae, comprised Mour-
vedre X Rupestris 1202, Solonis X Riparia 1616, Berlandieri X Ripa-

ria 157.11, Riparia X Rupestris X Aestivalis X Monticola 554.5,

Aramon Rupestris Ganzin 1, Riparia Gloire de Montpelier, Rupes-

tris St. George. These vines were planted in the spring of 1914 and
inoculated thereafter.
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On the Muscadine the phylloxeras upon hatching from the eggs

refused to settle or feed. The nonresistant varieties were infested

throughout summer and autumn, and on their roots the phylloxeraj

entered into hibernation from September 20 to the beginning of No-

vember; in the case of the Champion, they hibernated as late as

December 1. On the Catawba and Champion, the most heavily in-

fested, the aphids began hibernation earlier; on the less infested

Delaware, Isabella, and Lenoir, somewhat later.

Aphids became active about the middle of February, and all

hibernants were adult by April 13. This spring activity was some-

what in advance of that occurring in vineyards, but was similar to

that which occurred on the caged vinifera vines. On all nonresist-

ant varieties it was observed that the hibernants massed on tuberosi-

ties, nodosities, and the normal surface of the roots ; and in cracks in

a manner similar to that observed to occur on vinifera vines.

On the resistant hybrids repeated inoculations during summer
and autumn failed to produce more than an extremely light in-

festation. The phylloxerje settled to hibernate during October, and

at the end of that month all were hibernants. They were situated

on side rootlets and on the normal surface of the root, but on the

Rupestris St. George hibernants occurred also on nodosities which

they had caused to form shortly after they settled.

Hibernation on American vines in pots, 1912-1915.—A large series

of 2-year-old vines (from cuttings) planted in 6-inch pots, originally

used in resistance experiments and comprising resistant vines, we^e

examined during the years 1912 and 1913 for hibernant observations.

It was found that hibernation took place during the last half of

October and first half of November and that the spring awakening

proceeded from about March 10 to April 15. These vines were

planted in light sandy soil. The hibernants settled chiefly on nodosi-

ties and to a smaller extent on the surface of the larger rootlets. In

the spring there was a great variation in the growth of the vines. In

the majority of instances the phylloxerse on the early leafing vines

molted sooner than those on the more backward plants. No tempera-

ture records were kept with this series, but it is probable that the

records taken 2 feet below the soil surface (Table XII) approxi-

mated that which occurred in the pots in the winter of 1913-14.

A further series (1914) of rooted vines in 9-inch pots, comprising

Agawam, Isabella, Lenoir, Delaware, Catawba, and Champion,

showed that with the exception of the Delaware, which was lightly

infested, hibernation proceeded from about October 1 to November

1, nearly all the insects being hibernants on the latter date. On the

Delaware none of the phylloxerse were hibernants on October 30,

and the roots were on that date still running strongly in sap, while

the sap flow in the other varieties was weaker. The temperature in
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these pots was about the same as that occurring 2 feet below the soil

surface. In the sj^ring of 1915, on the Champion, Lenoir, Catawba,

and Isabella, the phylloxerse began to grow about March 1. On the

first three the bulk of the hibernants were mature April 6, but on

the Isabella, which was moribund, more than half were unmolted.

This vine was not retained further, but, considering the condition

of its roots, it is not probable that any of the phylloxerse would

have matured. The vine was too weak to send out new rootlets, and

the roots showed much decay. The abundance of phylloxerse the

summer previous had doubtless caused this weakness.

THE RADICICOLE.

EGG DEPOSITION.

The adult radicicole commences to deposit eggs within 48 hours

after the final molt. Occasionally there occur abnormal individuals

vrhich delay deposition of eggs as much as two weeks, and again

there are others which fail to deposit eggs but continue alive for

some weeks.

Egg deposition on severed roots.—Table III gives the summarized

record of the egg deposition of radicicoles under cellar conditions

during the years 1911-12.

Table III.

—

Summarized record of egg deposition of radicicoles of the grape
phylloxera under cellar conditions during 1911-12, Walnut Creek, Calif.
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In 1918, between June 2G und November 14, a series of observations

on fecundity under adverse food conditions was made. Among a

]aro;e number of aphids, on two occasions only were as many as six

eggs deposited in one day by a single individual. In the cellar, 431

eggs were deposited in a total of 331 days (1.3 eggs per diem per

aphid), and in an electric incubator, wherein a slightly higher

temperature was maintained, 787 eggs were laid in a total of 463 days

(1.7 eggs per diem per aphid). These averages were considerably

less than corresponding ones found to result in the 1911 series, yet the

insects raised in the incubator were subjected to higher temperatures

than w^ere those in 1911, raised in the cellar.

Ec/f/ deposition on living vines.—During the years 1913, 1914, and

1915, series of generations were raised on living vines in cages. These

vines were all viniferae, and comjirised the following varieties

:

Muscat, Zinfandel, Mission, Burger, Thompson's Seedless, and Gren-

ache. The principal object in this work was to check up on the

previous 2-year study of root cuttings under cellar conditions. The
initial inoculations in 1913 were made with eggs laid by adults of the

overwintered generation on Zinfandel vines in the vineyard, and thus

no record of the egg production of the overwintered adults was

secured in the cages. Of the first generation, records of 10 indi-

viduals were taken, but a complete record of only one was made, and

this adult, between June 25 and July 14 (20 days) , deposited 121 eggs,

the largest number in a single day being 12. The 10 adults deposited

482 eggs in 95 days, or an average of 3.1 eggs per diem per adult.

Most of the individuals died early, and it is assumed that if they

had been allowed to lay their full complement of eggs, the period

of decline would have reduced this average. These adults were pro-

duced, 7 on Burger roots and 3 on Mission roots. It appeared that

those on the Mission were the more prolific. On both varieties

some were situated on lesions they had caused to form. These aver-

aged better in egg production than the others situated on the nor-

mal root surface. Records for 14 adults of the second generation

were taken. On a very healthy Mission root, living on lesions, 4

adults averaged 4.5 eggs per adult per diem. On two less healthy

Mission roots of the same cage vine, 6 averaged 2.4 eggs per adult

per diem. On a very healthy Burger root 4 averaged 3.9. The
longest egg-laying period for any adult of this generation was 26

days and the maximum eggs per day 15. In all, 489 eggs were laid

in 136 days, 3.6 eggs per adult per diem.

The egg-laying period of this generation ran from July 8 to

August 15, with an average temperature of 68° F. Four adults of

the third generation deposited 284 eggs in 88 days, at an average

of 3.2 eggs per diem per adult; the longest egg-laying period was
28 days and the maximum number of eggs per diem was 8. These
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adults lived on a healthy Muscat root on tuberosities, their egg-

laying period being from August 28 to September 2G, under an
average temperature of 64° F. One of them did not commence de-

positing eggs until the sixth day after it matured, having moved
about considerably meanwhile. The fourth-generation phylloxerse

Avintered on the same root upon which their immediate progenitors

had oviposited and matured in the spring of 1914. Of these, 3

adults laid 79 eggs in 42 days (aggregated) or 1.9 eggs per diem per

adult. The maximum number for one day for a single adult was
4 and the longest egg-laying period 24 days. In this period one

adult laid 56 eggs. The egg-laying period, toward the end of which
the root became lightly decayed, ran from April 6 to May 8, under
a temperature averaging 58° F.

In the ensuing generations throughout 1914 and 1915, the egg-

laying records were mostly incomplete. Records of the fifth gen-

eration on Muscat in the period May 28 to June 11 show an average

number of eggs per diem per adult to be 2.8, the largest number
deposited in a single day by a single adult being 5. The average

temperature w^as 65° F. Eecords of the seventh generation on a

slightly decayed Grenache root, July 29 to August 8, show an av-

erage number of eggs per diem per adult to be 5.4, and the maximum
number of eggs laid in a single day to be 7. The temperature aver-

aged 71° F. The records of these two lots are much too meager for

comparisons.

In comparing the egg production on the living vines with that on
root cuttings, it should be stated that during the summer and fall

months the aphids on the former enjoyed higher temperatures. This

advantage was somewhat counterbalanced by the greater daily

fluctuations in temperature which took place on caged living vines

and which frequently resulted in a daily minimum lower than that

simultaneously occurring in the laboratory cellar in which the root

cuttings were kept.

As a general rule the egg-depositing capacity of the adult in-

creases rapidly after maturity, and after the zenith is reached de-

creases sloAvly, so that half the complement of eggs is deposited

before one-third of the egg-laying period is completed.

The condition of the food is the chief factor in the production of

eggs, but there is also a meteorological control. Frequent fluctuations

in temperature and humidity adversely affect deposition.

Extrusion of the egg.—During the process of egg extrusion, which

occupies from 20 to 40 minutes, the abdomen of the adult radicicole is

considerably distended. It is apparent, therefore, that when an

adult deposits 23 eggs within one day, extrusion will be taking place

intermittently for a very considerable part of the day. During the
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period of egg deposition, the apliids often chiingc their orientation

by pivoting about tlie beak.

Time of day of oviposition.—Between April 28 and May 25, 1913,

records were taken in the celhir to obtain data upon the time of day

of oviposition. The maximum daily temperature occurred about

6 p. m.," and tlie minimum about 7.30 a. m. Between 9 a. m. and
5 p. m. (8 hours), 41 eggs were deposited, and between 5 p. m. and

9 a. m. (16 hours), 62 eggs were deposited in the 27 days. Between

9 a. m. and 5 p. m., there was an average hourly temperature in

excess of that occurring between 5 p. m, and 9 a, m. of about 0.02" F.

It is apparent that the higher tem})erature of the shorter period

caused a comparatively greater number of eggs to be deposited,

since the 52 eggs were laid in exactly double the time in which the

41 were deposited.

Egg fertility and mortality.—A large series of experiments took

place in 1911 to determine the fertility and mortality percentages of

the eggs of the radicicole phylloxera. These were carried on about

evenly throughout tlie year. One series was conducted under cellar

conditions in petri dishes, and the other took place in the laboratory

under a higher temperature and was exposed to subdued daylight.

Table IV gives the results of these experiments

:

Table IV.

—

Fertility and mortality of the radicicole cyg of the yrapc phylloxera

,

Walnut Creek, Calif., 1911.

Generation and environment.



48 BULLETIN 903. U. S. DEPARTMENT OF AGRICULTURE.

of eggs laid on rotting tuberosities. The eggs have a considerable

resistance to water at ordinary temperatures and may also hatch

under water. Many, probably 25 per cent, of those that are laid on

rotting tuberosities fail to hatch. They seem to be so impregnated

with dampness and influenced by the rotting root tissues surrounding

them that they turn dark brown prematurely and finally collapse

after the embryo dies. It must be considered also that very slight

pressure applied to the eggshell may rupture it and kill the em-

bryo.
INCUBATION PERIOD.

The first incubation record at Walnut Creek took place during
April, 1909. Between April 9 and April 26, 24 eggs were observed

in the laboratory with the results shown in Table V

:

Table V.

—

Incubation period of the, egr/s of the grape phylloxera-, Walnut
Creek, Calif., 1909.

Days.

Average incubation stag^ 13. 8
Maximum incubation stage ^ 15

Minimum incubation stage 12

No temperature records were taken. The eggs were presumably

deposited by overwintered adults. During 1911 and 1912 a large

series of incubation records was obtained. Table VI gives incubation

records for each generation during 1911.

Table VI.

—

Incubation records of the er/r/.s- of the qrape phvlloxera at Walnut
Creek, Calif., 1911.

Genera-
tion

Environment. Dates of period of

incubation.

Average
tempera-

ture.

Number
of eggs

Incubation period.

Maxi-
mum.

Mini- Aver-
mimi. age.

Cellar
do

Laboratory shelf.

,

Cellar
Laboratory shelf.

.

Cellar
Laboratory shelf.

.

Cellar

Apr. 28-May 18.
June 4-Aug. 19.
Jmie 13-Sept. 6.

Time 13-Aug. 19
June 5-Aug. 18.

July 7-Aug.20..
Aug.9-Sept.2..
Aug.18-Oct.26.

64.5

64.6

64

Days.
13.

10.

10.2
8.5
11.7
7.2

13.3

1 Eggs deposited by overwintered adults.
2 Later series of eggs deposited by overwintered adults.
3 Temperature at least 5° higher than that in cellar at corresj ling dates.

From Table VI it will be seen that the influence of temperature

was very considerable. The records of 1912 are much more scanty

and bear out the observations of 1911. Under an average tempera-

ture of 70° F. the egg stage in 1912 averaged 8.9 days, with a maxi-

mum and minimum of 10 and 7 days, respectively. The period cov-

ered was from June 19 to October 8, but the great majority of the

total of 55 eggs were laid during June. A small series of 27 sixth-
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generation eggs, laid May (> to 8, 1912, under an average temperature

of 63° F., incubated in an average of 10.7 days.

The results shown in Table VII were obtained during 1911 and

are in jDart a complement of those shown in Table VT

:

Table VII.

—

Incubation records of the eggs of the grape phylloxera, Walnut
Creek, Calif., 1911.

Croup
No.
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Examination of Table VIII shows that the incubation period

gradually becomes shorter as the temperature rises.

The exposure to light apparently produced abnormal rapidity

in the development of the eggs. In lot 18 this influence was scarcely

felt, while in lots 1, 4, and 6 it was very cogent, and it is evident that

exposure to light is chiefly influential under low temperatures. The
comparatively slow development of lots 25 to 27 apparently can be

laid only to temperature fluctuations obtaining in the incubator.

This fluctuation in the incubator sometimes consisted in the mainte-

nance of a lower minimum for a longer period than that which

obtained in the main part of the cellar. Such temperatures possibly

would exert a retarding effect upon egg development that would

not appear in the averaged readings of the thermometer.

Even among the lots kept in the cellar under similar conditions

there were apparent exceptions to the rule that "the higher the

temperature the shorter the period of incubation." One such instance

is that of lots 15 and 16, in which two large series were used, yet

under temperatures differing but 0.1° F, there was a difference in the

average incubation periods of one and a half days.

Among the individuals enumerated in Table VIII the maximum
egg stage was 27 and the minimum 5 days. The respective average

temperatures influencing the two individuals were 55° F. and 68° F,,

and both were incubated in the cellar. It was possible only to estimate

an annual average incubation stage, and this was about 11 days.

It should be added that eggs have been observed in December to

incubate in a period exceeding 30 days, but it is unusual to find eggs

at this time of year.

Experiments conducted in the cellar demonstrated that eggs in-

cubated as rapidly in arid as in humid surroundings, but submergence

in water lengthened the incubation period, even under equal tem-

peratures.

Incubation on living roots.—During the years 1913, 1914, and
1915 biologic records were made on the living roots of young vines

of viniferse and vinifera X American hybrids. A series of gen-

erations were conducted during these three years, and incubation

was observed for each generation. In most cases immediately after

deposition the eggs were removed to an unifested root, but in some
they Avere allowed to incubate where they had been deposited. The
cages containing the experimental vines were all placed together in

one trench, and the temperature was alike in all of them. Table
IX indicates the incubation periods with reference to temperatures

and time of year. The years are not given, as in some instances
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sin<!:le lots containing individuals incubating under the same average
temperatures but belonging to more than one year have been com-
bined.

Table IX.

—

IncuJxiUon of the eggs of the grape phylloxera on lirimj roolH,
Walnnt Creek, Calif., I'.)13-ini5.

Lot number.
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METHODS OF REARING THE RADICICOLE LARV^.

During 1911 and 1912 the radicicoles were reared exclusively, both

within and without an electric incubator, in the cellar. The roots

on which the phylloxerae were reared were kept in glass jars and in

petri dishes with moistened filter paper. This method was not always

satisfactory, since it was not easy to maintain an even humidity

similar to that existing under natural conditions.

In 1913, 1914, and 1915 the insects were reared in the cellar and in

the cages described below. The jars in the cellar were moistened by
a layer of wet sand phiced in the bottom. This method was more suc-

cessful than in the case where moistened paper was utilized ; the roots

did not decay or dry up so rapicUy, and they remained in much bet-

ter condition through the winter.

These cages (Pis. V; VI, fig. 1; VII), constructed to hold young
vines, may be described as follows: A trench 3 feet deep was dug
wide enough to hold the cages with a space about 1 inch wide on each

side. To prevent air passing down the cracks, small blankets were

laid across the spaces, and this resulted in a temperature inside the

cages of scarcely greater fluctuation than normally occurred 2 feet

underground. The cages themselves were made of paraffined pine

with an extra redwood bottom, and had two compartments, one above

the other (PI. VII). The upper compartment had on each side one,

and the lower two, detachable boards the whole length of the major

sides, and these boards were detachable to permit examination of

of the roots and the removal of the pots. The upper compartment
contained one and sometimes two pots (8 or 9 inches in diameter),

around the top of w^hich was fitted the topmost board of the cage, the

outside measurements of which were 22 by 13 by 27 inches. The
lower compartment contained 9-inch pots in saucers.

The method of planting the vines in the pots of the cages was as

follows : Into the middle board of the cages were fastened one or two
saucers having holes bored through them.. A short piece of glass

tubing larger inside than the diameter of the roots was fixed into

these holes with a cone of paraffin. Two half pots, bottomless, were

bound together by wire or tin bands to make a single whole pot, and

placed to rest on the saucer. The vine was then put in place, certain

of its roots being passed through the holes in the saucer and protrud-

ing below. The upper pot was then filled with soil with a thin top

layer of fine sand. In the lower compartment, whole 9-inch pots, one

or two, as the case might be, were put in place in their saucers, and

the protruding roots planted in them, at the surface of the soil

passing through about 3 inches of glass cylinder. The surface of

the soil in the lower pots was covered in most cases with a thin

layer of fine sand. Fine sand was tamped into the glass cylinders,
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General view of pit and rearing boxes employed in life-history studies of the grape Phylloxera.
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temperature as iu like depth ol soil.

Fig. 2.—Galvanized tin cans used in connection with studies of the underground diffusion of
Phylloxera.

The Grape Phylloxera in California.
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and those in the saucers above were also plu^j^ed with cotton. This

pi'oce(hii'e tended to prevent the phylloxera? from leaving the exposed

portion of the root between the saucer of the upper pot and the

surface of the lower. This exposed portion of living root averaged

about 4 inches in length.

Scaffolding was built above the trench and a rope and pulleys pro-

vided in order that the cages might be raised and set in place on the

stand for examination of roots. Electric connections were also pro-

vided so as to enable the cages to be examined after dark.

The cages above described were designed by R. L. Nougaret.

DEVELOPMENT OF THE RADICICOLE LARVA.

The young radicicole larva (PL IX, ^, /«, p. 64), upon hatching

from the egg, seeks a place on the root where it may implant its beak

and settle down to feed. During the summer some of the newly

hatched larvse desert the vine and go in search of other vines, travel-

ing either through cracks in the soil or over its surface. Xewly hatched

larvae are very active at all times and, being flat, can go through

very small passages. Considering only those that remain on the

vine on which they were born, it is found that the length of time

elapsing between the hatching and settling on the root surface varies

according to conditions of food at hand. On a decaying root the

insect may not find a location for several hours, but if the root is

sound the larvae mostly settle down immediately close by the egg-

shells.

A certain percentage of larvae always wanders about on the roots

before finally settling. Many of these make their way outward and
downward to the smaller rootlets, while others (mostly of the hiber-

nant generation) in the fall make their way up to the bases of the

larger roots and even to the main trunk. Larvae hatching on a

decayed root usually leave it, but occasionally they remain and die

of starvation. Observations on pieces of severed roots kept under
cellar conditions indicated very little movement of the young larvae,

provided their food was in good condition and they were not too

much ©rowded. In the summer, however, large numbers deserted

the roots in a manner similar to that observed in the vineyards, and
these were apparently imbued with a wandering instinct.

On vinifera vines young larvae prefer to settle on succulent parts

of roots or rootlets. When they settle on growing rootlets, they

generally cause the formation of nodosities, and on the roots of one

or more year's growth the formation of tuberosities. They fre-

quently settle on lesions already formed by older phylloxerae, and
sometimes they settle and mature on the root without causing any
perceptible lesion. When no lesion is formed, the insects develop
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slowly, and as a rule the larger and more fleshy the lesion the more
rapid is the growth of the insect thereon. On resistant vines the

newly hatched larva rarely fastens on any place except the apex

of the rootlet or on a nodosity already formed. On American non-

resistant vines the larvae settle in the main as they do on viniferse,

but on some varieties a decided preference is given to the growing

rootlets over the larger roots.

During the years 1911 and 1912 experiments were conducted to

determine the growth and development of radicicoles under cellar

conditions. Table X summarizes these observations.

Table X.

—

Summarised records of incuhation and development of the radieicole

of the grape phylloxera under cellar conditions, during 1911 and 1912, Walntit
Creek, Calif.
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of in(]ividuals lived from 90 to 105 days on a particidarly innutri-

tions piece of root without maturin<;.

Durinty 1918 two series of further experiments were undertaken.

One series was reared in the celh\r and the other in an electric in-

cubator, the latter under somewhat hicrher temperatures. Genera-

tions were followed from May to October. Table XI summarizes

these observations.

Tarle XI.

—

Dei'clopmcnt of radicicolcn of the ornpc phvlloxrni. Wtilnuf Creek,

Calif., 19i3.

Environment.



56 BULLETIN 0'03, IT. S. DEPARTMENT OF AGRICULTURE.

been examined and its interior subjected for a few minutes to a tem-

perature several degrees in excess of that obtainin*!; in the trench

immediately preceding the examination.

Plate VII illustrates the details of the cages used for observing

the phylloxerse on living roots. By means of the pulley and stand

the cages were hauled up and set for examination. It is obvious that

only young vines could be used for this work, as 9-inch pots were the

largest used. The vines were planted in early spring, certain of the

longer roots, drawn through holes cut in the saucer supporting the

bottomless upper pot, being planted in the lower pots. Thus about

4 inches of root between upper and lower pots were available for

inoculation and observation. At the upper and lower ends of this

visible portion the root passed through glass cylinders, and the inter-

vening spaces between the root and cylinder were filled with sand

and cotton (sand only was used in the lower cylinders) to prevent

the escape of phylloxeree to the invisible portions of the roots, both

above and below. For the viniferse and nonresistant American

vines this, however, failed to answer the purpose in many cases.

Out of 22 upper pots, which were examined several months after

the exposed roots were inoculated and had suffered more or less

severe infestation, 18 developed infestation on their roots, show-

ing that phylloxerse had found their way up to the roots in the

upper pots. Out of 36 lower pots liable to infestation on their

roots by reason of the fact that the exposed portions of the roots

above were infested, the roots in 9 showed no infestation or indi-

cations of any previous infestation, whereas in 13 others infestation

occurred which had resulted from larvae successfully penetrating the

lower glass cylinders ; in the remaining 14 pots, infestation or signs of

previous infestation occurred resulting from wanderers reaching the

rootlets by penetrating cracks in the soil. In the case of the re-

sistants, the cylinders of sand and cotton packed between roots and

glass were effectual in preventing spread to the invisible portions

of the roots. On these vines the infestation was always very slight,

and the phylloxerse exhibited very little desire to travel. On a

Champini (rupestris X candicans), on which the phylloxerse in-

fested only the side rootlets, and which bore only a slight infesta-

tion, wandering larvae entered the soil and infested the rootlets of

one of the lower pots, but there was no penetration through the glass

cylinders.

As temperature is a factor of importance in the development

of the phylloxera, the following comparisons (Table XII) of tem-

peratures are noteworthy, taken (1) inside the cages containing

living vines, (2) 2 feet below the soil surface, at a point in the

laboratory vineyard a few feet distant from the trench containing

the cages aforesaid, and (3) in the laboratory cellar:
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Table XII.

—

Comparative monthly average tetJipera tares; inxUle ear/es in treneh

2 feet beloiv soil surface in tahoratoru riiieiianl, and in lahorutonj cellar

Walnut Creek, Calif.

Month.
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occasionally that some of the eggs used in the inoculations dropped

off. This was unavoidable, and when egg-laying females w'ere

under observation it frequently happened that the eggs dropped

down. When more than one female was producing eggs simul-

taneously on a single root, there even arose doubt as to which certain

of the fallen eggs should be credited. For the biological records

the first season, 9 vines were used, averaging 3 separate roots each,

but since 3 of these roots died, after they were planted, only 24

roots were actually used. Of these 3 were used for rearing gallicole

progeny and 5 others were used for nymph production and ferti-

lizer experiments on heavily infested vines, leaving 16 for individual

records. In 1914 and 1915, only 4 vines were used each year to con-

tinue the individual series.

Many interesting habits were observed, but the behavior of the

phylloxerse in the main did not differ from that observed under

cellar conditions upon severed roots. Newly hatched larvae mostly

settled close to the eggshells they had vacated, but if there were

any fresh lesions near by, the young larvae often found their way
to them and settled. Occasional movements of older individuals

were observed, not only at the time of molting but at any time in

the instars. These movements were generally in the direction of

more succulent food. Occasionally egg-laying individuals shifted

their positions without apparent injury, although this was some-

times followed by a temporary halt in the production of eggs. The
production of nymphs occurred from June to October, as in the vine-

yard. The tendency of the nymphs to crawl up the root just before

transforming was noticeable. Most of them could go no farther up-

ward than the cylinder plugged with cotton, and so perforce had

to transform into migrants at this point. A small percentage trans-

formed at points farther down the root and did not appear to have

made any upward migration. On the heavily infested roots, wan-

derers appeared from July to October. These roamed around the

inside of the compartment, and succeeded in finding their way down
through cracks in the soil of the lower pots, and infested the root-

lets, especially those growing against the inside of the pots. After

irrigation, cracks appeared in the soil around the inside of the pot,

furnishing the wandering larvae access to the rootlets. In no case

was this infestation of any great extent, although large numbers of

wandering larvae were observed in several of the cages, and only a

very small percentage, presumably, found their way to a new food

supply. This fact has an important bearing upon the distribution

of the insect as will be noted elsewhere. Although it appeared dif-

ficult for the insects to penetrate an inch of sand in the lower glass

cylinder, the occurrence of large infestations immediately below the

cylinder, coupled with evidences of only slight infestations on the
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rootlets around the inside of the pots, showed that such a penetration

had occurred. It was obvious in these instances, few though they were,

that tlie heavy infestations could not have resulted from inoculations

on rootlets from Avanderers, because only a few nodosities occurred

on the rootlets, showing a slight wanderer infestation, and not

enough time had elapsed in the interim for the infestation present

at the date of examination to be produced by so small a company of

wandering larvae. The phylloxerse had no difficulty in finding their

way through the upper cylinder to the root system of the upper pots

through layers of cotton and sand each about half an inch thick.

On the roots of the upper pot of cage V, Burger, there were, on

November 26, 1913, upward of 1,600 hibernants disposed in large

clusters on the main root. Since June of that year, the visible por-

tions of four roots below had been w-ell infested. Every one of those

1,600 hibernants was the progeny of phylloxerse hatched on the visi-

))le part of the roots and which had penetrated the upper cylinders.

It is obvious that a great many individuals penetrated the cylinders,

as the scarcity of lesions showed that the greater part of the in-

festation was comparatively recent. Apparently a natural law

against overcrowding comes into play, and migration was encouraged

by the fact that the tuberosities on three of the four roots had become

rotted and threatened to decay all the visible portions of those roots.

As, on this vine, no infestation other than a few nodosities occurred

below the cylinders in the lower pots, it would appear that the heavy

migration had been entirely in an upward direction. As far as could

be determined, there appeared no reason why the insects could not

penetrate the lower cylinders just as easily as the upper ones, so the

conclusion is that in most cases they did not make the attempt.

In the instances wherein phylloxerse had undoubtedly penetrated

the lower cylinders they were found to be close to the cylinder as

if the packing of sand and cotton had been so loose that no effort

was needed for the insect to force its way through. The sand

in the upper cylinders, by reason of the weight of earth pressing

upon it, always remained well packed and presented a barrier to the

progress of the phjdloxerse. That they were able to surmount this

barrier is shown by the large numbers present, and indicates that

the upward migration was a well-defined movement. The possibility

presented itself that infestations on the roots of the upper pots could

have originated from wandering larvse that had penetrated the

soil of the upper pots in the same manner as they had obviously done

in the lower pots of the cages. The absence of cracks except around

the periphery of the soil in the pots and of nodositous infestations

on the rootlets below taken in conjunction with the size of the infesta-

tions precludes this as the sole source of the inoculations of the upper

pots.
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Some of the lower pots of the cages were filled with quartz of

mixed o:rades. This was done chiefly for the purpose of experi-

menting with liquid fertilizers as to the bearing of fertilizing

substances upon the behavior of infested vines as an adjunct to

similar vineyard experiments. Twelve out of 36 lower pots con-

tained quartz. It was found that the Avandering larvae were able

to descend to rootlets growing in the quartz as easily as to those

growing in earth. On the other hand, the phylloxerae were not able

to exist on the larger roots in the quartz in appreciable numbers,

as it appeared that they could not pass through the quartz when it

was packed around the root. This is similar to the condition existing

on very sandy soils, wherein the phylloxerse are unable to travel

when the sand becomes packed around the roots.

Table XIII indicates the incubation and development of the

radicicoles on the roots of living vines.

Table XIII.

—

Inctihation and development of radicirole of the grape phylloxera
on living vines, Walnut Creek, Calif., 1913-1915.

FIRST GENERATION, 1913.

Indi-
vidual
No.
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Table XIII.

—

Inctihation and development of radicicole of the (irope pJiyUoxera

on living vines, Walnut Creek, Calif., 1913-1015—Continued.

SECOND GENERATION. 1913.

Date egg
deposited.

Incuba-
tion

period.

Date
insect

matured.

Growing
period.

Total
period of
develo])-
mcnt.

Variety of vine i

number of cage.

Average
temper-
ature.

Days. Days. Days.

June 10
June 11

Jime 12
...do
June 30
...do
...do....
...do
...do....
...do....
...do
...do....
July 1

...do....

...do....
June 30
June 26
...do....
...do....
...do....
...do....
...do....
...do
June 27
...do....
June 30
...do....
...do....
...do....
July 1

...do
July 2
...do

June 20
June 19
...do...
Jime 20
July 6
July 8
...do
...do...,
...do...,
July 9
...do
...do-..,
...do...
...do...
...do...
...do...
July 3
July 4

...do...

...do...

...do...
July 5
...do...
July 4

July 5
...do
July 6
July 7

...do..

.

July 8

...do..

.

...do...
July 10

July 8
...do
...do....
July 11

July 20
July 22
July 23
...do....
July 31

July 24
July 25
July 31
Aug. 4
Aug. 7
Aug. 11

Aug. 8
July 21

July 25
July 26
...do
July 28
July 29
July 31

July 28
July 31

Aug. 8
Aug. 10
Aug. 12
...do....
...do....
Aug. 13

Aug. 14
Aug. 18

Mission vn.
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do

Burger VI.

.

do
do
do
do
do
do
do
do

Burger V . .

.

do
do
do
do
do
do
do

THIRD GENERATION, 1913.

July 23
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Taiu.k -Xlll. Iiiciihdiid)! (111(1 development of radieirole of the f/raix' pinillo.rrra

un liriiKj rims. Walnut Creek, Calif., Idl3-ti)15—Contimiecl.

SIXTH aENERATION, 1914.

Indi-
vidual
No.
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For- l,l)(! (ifsi ^cricijil ion, <'^'^'".s dcpositotl hy iiduM liilx-rriMiits were

.scciinHl Ironi n Zinriiiidcl vineyuni, sirid tlicrejiitcr ordy c/r^s de-

positetJ in the cu^es siiid of known ^enenitions were used in the inocu-

l:il ions.

The ;iverji^<! ^rowin^ pei'iods ol' the suninaer ^encrjitioris of \\\n^-

h'ss !i|>hids varied from .';4.5 to 18.25 days, hut in all except two /gen-

erations this period ranged hetween 18.25 and 24.20 days. Individ-

uals varied hetween ^A) and 10 days. The winjj^ed fonns developed

more slowly than the windless, nine individuals averagin/r 1>A}^ days-

The hihernants developed in an average of 0;] months.

F^^s were placed for the mo.st part on roots never before infested,

;ind tuberosities usually followed rapidly after the hatching of the

larva;. Nodosities were formed upon side rootlets. The main roots

were all between one-sixth and one-third of an inch in diameter.

It was found that about 40 per cent of the larva; remained on the

exj>osed portions of the roots, the rest finding their way to the other

portions. In .sj>ring a large percentage and in summer and autumn

a smaller percentag(! of larva; settled close beside the eggshells from

which they had i.ssued. In spring the larva; did not display a tend-

(TK^y to roam, but in summer and autumn they Avandered consid-

ciabjy, especially if the root had begun to decay or was drying too

lapidly. Similar conditions occur in vineyards, and it is in sunmier

and autumn that the ty[)ical wandering larva; are found.

Excluding the winged migrants and the hibernated indi\'iduals,

the summary of the growing period of all the phylloxerae developing

on living roots during the years 1918, 1914, and 1915 is recorded in

'i\ible XIV.

TAiti.K XFV.

—

Siiiinniiri/ tif 'I'dhlc, XIII.

Nuitiltor of individuals 114

Avi'VAiic jxTiod of j^rowlli days— 22.15

Maxiiiiuiii p<^riod of Krowtii do— 36

Miiiiniuiii poriod of j,'rowth do___ 10

'J'aking intf) consideration tlic individuals r('mo\ed before they

attained their full development, the average growing period is to be

estimated at about 25 days. The cellar experiments with severed

])ieces of roots in 1911 and 1912 combined yielded an average of

:'>0.57 days, and the experiments in the cellar and incubator combined

in 1918 averaged 84.16 days. The cellar temperatures of 1911 and

1912 averaged about U"" V. lower than the combined cage tem-

])eratures for the period 1918-1915 for the months from May to

October, inclusive. 'J'he cellar temperatures for 1918 averaged about

U'' lower than the incubator temperatures for 1913 and about ^°

higher than the cage temperatures for that year.
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In the celliir and incubator during 1913 the phylloxerse developed,

on the average, more slowly than in the cellar during 1911 and 1912,

notwithstanding higher temperatures in 1913. This resulted from the

fact that the food supply was much more succulent in 1911 and 1912.

Likewise the phylloxerse developed much more rapidly in the cages

in 1913-1915 than in the cellar and incubator combined in 1913,

when the temperatures differed slightly (the difference in favor of

the cages being about 1° daily). This also was due to the superior

food of the living vines. In comparing the phylloxera development

in the cellar in 1911-12 with that in the cages in 1913-1915, it would

appear that both temperature and food influenced the more rapid

development observed in the cages. For 1911 alone the average grow-

ing period was 29.37 days. This growth took place on succulent roots,

to all appearances as succulent as the living roots upon which were

reared the 1913-1915 phylloxersB, which averaged about a 25-day

period, under a temperature averaging 4^° in excess of that obtain-

ing in the cellar in 1911. It would be natural to ascribe the faster

growth in the cages to the higher temperatures, but in view of the

discrepancies noted above in connection with the 1913 cellar and

incubator observations, the writers are inclined to believe that the

living roots afforded better nourishment to the phylloxerse than did

the severed roots of 1911 and that the higher temperatures of 1913

had less influence than might appear in bringing about such a dif-

ference in the growing periods.

Excepting for a few isolated instances, the phylloxerse on living

roots developed more rapidly on nodosities and tuberosities than on

the normal surface of the root. On nodosities development was the

most rapid, noticeably more rapid than on tuberosities, and the more

fleshy the swelling the more rapid was the aphid's growth.

DESCRIPTION OF STAGES.

The egg.—When first laid, the radicicole Qgg (Pis. VIII, g; IX,

1% 1) is lemon yellow, about twice as long as wide, oval, both ends

rather bluntly rounded, the micropylar end a little more abruptly

so. Thirty-six eggs laid by newly matured adults August 30 and

September 6, 1911, averaged 0.348 mm. in length and 0.173 mm. in

width, with maxima, respectively, of 0.36 and 0,18 mm., and minima,

respectively, of 0.34 and 0.17 mm. Of 25 eggs laid by overwintered

radicicoles near the end of their laying period, the maximum length

was 0.32 mm., the maximum width 0.18 mm., the minimum length 0.20

mm., and the minimum width 0.12 mm., the average length 0.26 mm.,

and the average width 0.14 mm. Thus it appears that the size of the

eggs laid by individuals decreases toward the end of their egg-laying
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The Grape Phylloxera in California.

Phylloxera vitifoUac: a-e, AVinged migrant: a, dorsal vie-w-; 6, anteima; c, basal scnsorium of

antennal segment III; d, hind Ics; f , beak;/, male egg; g, radlcicole egg; h. i, female eggs;

j, k, I, sexed female;;, enlarged ventral Yie\\ showing contained winter egg; 1:, anteima;
I, newly hatched female; m, mature male just after casting last skin.
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The Grape Phylloxera in California.

Phylloxera vitifoliae: a, b, c, Adult radicicole; o, ventral view (beak sho^ii telescoped);
h, dorsal view; c, antenna; d, e,f, hibernant larva; d, dorsal view; e, ventral view;/, an-
tenna; g, h, newly hatched (flrst-instar) radicicole; g, ventral view; h, dorsal view;
i,i, second-instar radicicole: j, dorsal view; j, antenna; /.-, /, radicicole egg corium; k, whole
shell; I, section to show structure.
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The Grape Phylloxera in California.
Phylloxera vitifoliae: a. b, e, Third-instar radicicole: a. dorsal view; b, ventral view; c, loft
antenna; d,e,f, prenymph (third Lnstar of winged form); d, dorsal view, e, ventral view;
/, left antenna; <?-/, fourth-Lnstar radicicole: q, dorsal view; h, left antenna: i, ventral \new
(beak shov,Ti telescoped); j, beak.
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period. Toward the i)eriod of hatching the egg becomes (hirker and

the eyespots of the embryo become visible.

The larva.—In hatching, the young larva (PI. IX, y, h) splits

the eggshell from the micropyle lengthwise to about three-fourths

of its length. This splitting is more or less gradual and is caused

by the thorax and head of the young phylloxera bursting the shell

and then gradually enlarging the crack. The larva poises itself at

an angle of 45°, with legs and antennae appressed to the body, and

sloAvly eases its way out. It seems to rely simply on a slow side-

wise body movement to free itself of the shell. When freed, it

spreads the appendages and is then able to walk off. The newly

hatched larva is of a pale lemon yellow, with dark claret-colored

eyes, composed each of three circular facets and placed in the form

of the angles of an equilateral triangle. The body segmentation is

quite distinct, more so than in later instars. The shape is oval and

very flat. The antennae, as in all forms of the grape phylloxera, are

three-jointed. The terminal joint is twice as long as the two basal

combined. Near the apex of the third joint occurs a circular sen-

sorium. The beak in early generations reaches to the penultimate

or antipenultimate l)ody segment, and in later generations protrudes

beyond the caudal segment of the abdomen. The legs and antennjp

bear hairs. Table XV gives measurements for five newly hatched

individuals.

TAT5LE XV.

—

Measurements of newhf hatehed radieieolea of the f/rape pfujUoxera.
Walnut Creek, Calif., Oct. 23, Wl',.

Individual No.
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Table XVI gives measurements for four individuals of the second-

instar radicicole.

Table XVI.

—

Measin-cmcnts of secon'd-instar radicicolcs of the grape phylloxera,
Walnut Creek, Calif.

Individual No.
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Table XVIII.

—

Measurements of fourth-instar radicicoles of the grape phyl-

loxera, Walnut Creek, Calif.

Individual No.i
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joint 1 wider tliaii joint 2 ; tliird joint :il)out twice as long as the two basal

combined and bearing a single oval sensorium near apex ; all three joints bearing

hairs. Beak pale, base and tip shining and dusky, reaching to second or third

abdominal tergite ; in specimens examined after they had transfixed the beak

into the roots, this organ appears to be shorter, due to the telescoping of the

sheath from the action of transfixing.

Mesothorax largest segment of body, twice as long as prothorax, which is

next largest ; mesothorax divided into two sections by transverse fold. Thoracic

segments having median portions raised above lateral portions by means of

two longitudinal curved folds. Metathorax very similar above to any of first

five abdominal segments. Legs in pale specimens slightly darker than abdomen,

coxae dusky.

Sixth abdominal segment produced conically at each of its posterior angles

and narrowed basally ; caudal segment twice as long as broad, bluntly rounded,

with a small central emargination and fringed with a marginal row of pale

weak hairs.

The dorsum of the body bears six longitudinal rows of dusky circular tuber-

cular areas, which under magnification appear as thickenings and roughen-

ings of the epidermis, and each of these is surmounted by a single spine.

Table XIX ffives measurements of the adult radicicole.

Table XIX.

—

Measurements of matitre radieicolc of the grape pliyUoxern,

Walnut Creek, Calif.
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from equally snconlent i)ieces of severed roots. They show a con-

siderable variation in dimensions, but, being hibernants, their aver-

age dimensions are less than those of the summer generations under

ecjually favorable food-supply conditions; for among the hibernant

adults there always may be found a considerable number of small-

sized individuals which evidently owe their physical inferiority to

the vicissitudes of the long hibernation period. Radicicoles raised on

fleshy and succulent nodosities attain an average size of about 1 by
0.5;-) mm., those raised during the summer on other parts of the root

system average slightly less, and the hibernant individuals average

0.75 by 0.50 mm.
Radicicole molts.—The radicicole, in common with other forms of

the phylloxera, invariably molts four times.

In 1914 and 1915 records of molts were taken, and Tables XX and
XXI indicate molting records of 20 individuals reared on severed

roots in the laboratory cellar during the summer of 1914.

Table XX.

—

Molting records of 20 rodicicolcs of flic oraiic pJii/Uoxera, summer
of 1914, Walnut Creek, Calif.

Indi-
vidual
No.
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All the individuals utilized in this experiment were reared on

severed pieces of roots in a petri dish under cellar conditions. In-

dividuals 19 and 20 lived on a much poorer root than the others, and
thus is explained the relatively slow growth (34 days) of the one

and the early hibernation of the other. Individuals 4 and 14 moved
away after their first and second molts, respectively. It will be

observed from the summary that the average period of the first instar

(13.3 days) is considerably longer than is that of the three succeed-

ing instars combined (7.9 days). The comparative periods of the

instars are about constant; that is, an individual with a short first

instar wiU have short succeeding instars and one with a long first

instar will have long succeeding instars.

The records of Table XX were made in midsummer at a tempera-

ture of 68° F. In the soil at such a time of the year the temperature

is higher and the development of the phylloxera more rapid, while

in spring and late fall the development is correspondingly slower.

The developmental period of the hibernated larvae varies greatlj'^,

not so much from temperature as from other causes. There is an

average period of two and one-half weeks from the commencement
of feeding to the shedding of the first skin, and after that an average

period of three weeks between the casting of the first skin and the

shedding of the fourth, the second, third, and fourth instars occupy-

ing an average space of a week each. As summer progresses the de-

velopment of the radicicoles becomes accelerated, as may be observed

from Table XXII.

Table XXII.

—

Molting records of radicicoles of the grape phylloxera, March to
July, 1915, Walnut Creek, Calif.

Indi-
vid-
ual

• No.
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nge of 61.75° F. this period was 24.75 days, under 65° F. it was

almost 22 days, and under 68° F. it was lowered to 20.3 days

(individual on unthrifty root disregarded). Under the lower tem-

peratures all the instars are correspondingly longer than under the

highest midsummer temperature, but the first instar is proportion-

ately less lengthened than are those following it, a phenomenon

that becomes quite apparent in the case of the hibernants, provided

their first instar be considered in a restricted sense to cover only that

period betAveen the time when they commence feeding in spring and

the date of the first molt. The hibernant feeds for two and one-half

weeks before and for three weeks after its first molt, while in mid-

summer the larva feeds for 13 days before and for 8 days after its

first molt before it matures.

MAXIMUM AND MINIMUM GENERATIONS YEARLY.

In 1911 overwintered adult radicicoles matured at the end of

April, throughout May and June, and as late as July 7. Eggs of

the first generation were deposited from the end of April until

October 1. From the earliest eggs there followed seven complete

generations from hibernant to hibernant inside of the one year. No
observations were taken of the hatching of the late eggs deposited

by late first-generation phylloxerse in September, but in the light of

contemporary observations on individuals of later generations there

is no doubt that a certain percentage of these late eggs would have

hatched into hibernants, thus giving a minimum of one generation

per annum. In 1915, taking advantage of a hibernant which ma-

tured exceptionally early in the spring, it was possible to secure

eight complete generations within the year. Table XXIII records

the development of these generations.

Table XXIII.

—

Maximum series of generations of radicicoles of the grape
phyUoxera, reared under cellar conditions, Walnut Creek, Calif., 1915.

Generation No.
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In observations with phylloxerse developing on living vines there

were secured in a period of three years 13 generations, an average of a

little over four generations a year, but had the earliest eggs of each

generation been successfully utilized, and had it been possible to

start the first of the three seasons with the earliest eggs procurable

in the vineyards, there is no doubt that six, and possibly seven, gen-

erations could have been developed each year.

Considering tliat the hibernant generation occupies a period of

half a year, it is apparent that if seven generations are to be pro-

duced in a year, the other six must be passed in an average maximum
of one month apiece. In summer phylloxerse have been reared from
egg deposition to maturity in 21 days, but in April, May, and Oc-

tober the cycle rarely falls below 35 days, so that in the six-month

period, April 15 to October 15, the average maximum cycle is roughly

30 days. Thus, in the vineyard, even on vines that move early in

spring, it is probable that more than seven generations rarely take

place in 12 months. The period, October 15 to April 15, best rep-

resents the cycle of the wintering generation, although these dates

are somewhat arbitrary.

Under vineyard conditions it is always possible to find hibernant

phylloxerse as late as the beginning of June. It is also possible

to find insects going into hibernation as early as September 20. Since

the mature radicicoles deposit eggs for periods exceeding three

months, it can be seen readily that the latest eggs of a radicicole

hibernant maturing in June may develop larvae which proceed to

hibernate. A minimum of one generation a year thus may occur.

Observations indicate that this mininnun of one generation is not

common, even on moribund vines with innutritions roots.

WANDERING RADICICOLE LARV^ OR " WANDERERS."

By the term "wanderers" are designated those forms (almost all

newly hatched larvae) which forsake the root on which they issued

from the egg and seek to reach the surface of the soil or to pass

through the soil itself, with the object of finding new food. Those

that strive to reach the surface exhibit in their efforts a very marked
positive phototropism. It would appear that their first movement
is simply one of ascending the root and that as soon as they are

brought into the focus of a ray of light they immediately make it

their goal, and thus finally ascend to the surface. The initial wan-

dering movement comes irrespective of light rays, but as soon as

these rays are brought to bear the activity is very pronounced. The
conclusion is that the production of individuals destined to wander

is due to a combination of influences more than to any single influ-

ence—the crowded condition of the phylloxerae in summer, the decay-

ing of the roots, especially the fleshy surface rootlets, found on
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PhiiUoxera vi/ifol.ae: a. Nymph, dorsal view; h, oiitlino ventral view of same: c. enlarge*
sensorium on antennae; d, enlarged tubercle ^^ith spine: <, microscopic structural view of
tubercle;/, hind leg; g, beak showing structure; h, middle leg; r, right antenna; /, left
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l^hylloxerated vines, the risin<j: teniperatiire, and the intrinsic vij[>:or

of the vine encouragin*!; enii<j:ration.

Apparently the youno- prochiced from the e<!;<ii;s dei)osited by over-

wintered females do not become wanderers, but those of later gen-

erations may, and many wandering larvao produced late in the au-

tumn settle on roots and hibernate.

Wandering larvie play an im[)()rtant part in the diffusion of phyl-

loxera.

THE NYMPH AND WINGED FORM.

DEVELOPMENT.

The individuals which are destined to become winged are termed

in their third instar "prenymphs" and in their fourth instar

"nymphs.'' They are produced from eggs deposited by adult radi-

cicoles, and until after their second molt differ in nowise from the

individuals destined to remain wingless; neither is there any dif-

ference in the eggs from which the two types hatch. In their third

instar the prenymphs (PI. X, r/, e, /) differ from the radicicoles of

that instar in that the former have more elongate and narrower bod-

ies and longer antennae and legs. The prenymphs are generally pale

greenish yellow, and their appendages appear quite dusky in com-

parison. Table XXIV gives measurements of four prenymphs.

Table KX^IY.—Measurenioits of prcnyiniiha of the qrapc i)]n/llo.rera, Walnvt
VrvcJc, Valif.

Individual No.i
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eyes show their red pigment and soon become prominent. Legs and
antennae are relatively long, and the femora exceed the tibiae in

length. At all times the rows of tubercular areas on the dorsum are

well marked. During the nymphal instar the insect shows a very

considerable growth; the newly molted individuals are quite flat,

but full-grown nymphs are roughly cylindrical.

DESCRIPTION OF STAGES.

The nymph or pupa, full grown.

PI. XI ; text fig. 9, p. 85.

General color orange or orange yellow ; anterior part of mesothorax and
mesosternum whitish, or at least always noticeably paler than the rest of body.

Antennae pale yellow, extended but little beyond anterior margin of prothorax.

Compound eyes and ocelli dark red ; former composed of large number of facets.

Head and abdomen bearing 4, thorax G longitudinal rows of dark tubercular

areas (coarse roughening of epidermis), each surmounted by a spine; wing pads
dark gray, grayish black, or rarely jet black ; legs pale yellow, often with a

dusky cast ; abdomen with 7 visible segments, mesothorax apparently bisected by

a transverse fold ; beak very pale yellow, reaching to posterior coxse.

Measurements of 6 individuals are given in Table XXV.

Table XXV.

—

Measurements of nymph of the grape phyUoxcra, Walnut
Creek, Calif.

Individual No. i
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The adult instar of the winged form shows what is pi-obably the

most highly developed form structurally of the phylloxera. The
winged insect is, on the average, slightly shorter than the full-

grown nymph. The antennae are longer than those of the previous

instar and bear two sensoria of about equal size. The comparatively

large wings are weakly veined but necessitate strong muscles in the

interior of the thorax. The legs are quite long and the tibise exceed

the femora in length. As the migrant sheds the nymphal skin, push-

ing it back and moving about its appendages, the wing pads appear

as little white rolls; the mesothorax is shining green, the head and
abdomen bright orange. The wings unroll as the skin is being passed

off the abdomen. As soon as it is entirely shed the insect moves off

and then pauses while the wings assume their final shape and posi-

tion, but remain whitish, hyaline, and limp. Soon, however, the

wings dry and the thorax hardens and darkens until it is almost

black. The head, prothorax, and abdomen remain orange, the head

with a grayish luster. The molting process occupies about 50

minutes.

The adult iringed form.

PL VIII, fl-r.

General color orniifje or yellowish brown or {gamboge yellow; head a. little

dusky on the anterior half, especially the cephalic margin (front) ; ocelli dark
red ; eyes brighter red than ocelli, comiwunded of many facets ; ocular tubercle

small ; antennre with three joints, not quite reaching the anterior margin of

the mesothorax, pale yellow, with apical fourth of joint 3 dusky gray; third

joint much the longest, considerably over twice as long as first two combined,

somewhat constricted beyond the basal sensorium and at extreme base ; posterior

half of head, prothorax, and abdomen orange, yellowish brown, or gamboge.
Thoracic lobes, scutellar lobes, scutellum, and mesosternum dark gray or

blackish ; legs pale yellow, tarsi duskier ; wing insertions, stigma, and veins

gray (at firs't greenish) ; stigma equal in length to about one-fourth of wing.

First discoidal arising from subcosta not far from basal angle of stigma,

stout, not attaining the wing margin by a space equal to one-fifth its length;

second discoidal faint, arising from the first vein or discoidal a little before

its center and almost reaching the wing margin at a point a little neai*er to

the apex of the third discoidal than to that of the first ; third discoidal faint,

arising from first vein close to its base and continuing with a double shallow

curve almost to the wing apex (the basal half of this vein generally obsolete).

Lower wings with the costal vein running parallel to the anterior margin
for its whole length; cauda bluntly rounded, bearing a fringe of hairs; beak
slender, pale yellow, and almost reaching to second coxae; two longitudinal

oval sensoria on the third antennal joint ; basal sensorium situated at basal

third of joint, apical sensorium close to apex of joint. Wings bonie hori-

zontally, apparently the positions interchangeable, the right pair sometimes over-

lapping the left and vice versa. Abdomen widest at second and third abdominal

segments, where it is wider than the thorax, and about as long as head and
(horax combined. Body about ap; high as wide, not at all flat.

Table XXVI gives the measurements from 8 individuals.
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Table XXVI.

—

Measurements of the winged migrant of the grape phylloxera,
Walnut Creek, Calif.
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inch of soil, which was a silty h)ain mixed with heavier chiy h)am.

In some half-darkened ca<!:es, containin<2: potted vines, the nymj>hs

were observed to ascend to the level of the soil surface to transform.

On the other hand, occasional nymphs have been found to transform

on the roots as much as several feet underground, and many of the

resultant migrants failed to reach the surface of the soil.

HABITS OF WINGED MIGRANTS.

Occasionally it was noticed in the jars that migrants would thrust

their beaks into the roots and appear to feed. While engaged thus

they lower the head so as to allow the beak to penetrate the tissues

of the root. This organ appears to issue from the mesosternum,

because of the curvature of the sheath. The femora are kept hori-

zontal, and the antennae are usually in motion. While the insect is

walking the antennae are in motion. The migrants, so far as has

been noted, never feed after they issue from the soil. At all times

they exhibit strong positive phototropism. When placed in a room

they seek to crawd toward windows, and their activity is greatly

increased when placed in the direct sunlight. If placed in a petri

dish in the sunlight, they travel very fast and often take to flight,

and are capable of keeping up a walking gait for hours. If the

surface upon which they are standing becomes heated, they quickly

die. If a vine leaf or other shade-giving object is placed in the dish,

the phylloxeree will finally settle on the shady side of the object.

In the vineyard most of the winged phylloxerse were observed to

issue from the soil by creeping up the stumps of the vine. On arriv-

ing at the surface many of them passed to the soil and crawled

around aimlessly. Others crawled up the vine, and when they

reached a point of vantage, such as the end of a cane, they spread

and vibrated their wings, as though inviting the wind to bear them

off. Finally they launched themselves into the air and if they struck

a wind current were borne off. Often after spreadipg their wings

once or twice they turned about and crawled down the stalk, and

frequently when they launched themselves into the air no current of

wind caught them, and they half fell and half flew to the ground

in an oblique direction, but at other times they flew off strongly

without the aid of the wind. The migrants are capable of traveling

by flight and with the wind, as is evidenced by the experiments con-

ducted with sticky papers. (See Diffusion of phylloxera, p. 100.)

They have been taken on such papers at least 80 feet from the near-

est infested vine, and undoubtedly they may travel much farther.

In order to ascertain wdiether the migrants returned to the soil by

crawling down the stem of the vine, 26 migrants w^ere placed on the

upper foliage of a small American vine (9 inches in height), on
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August 17, 1914. Around the base of the vine stem were placed

sticky papers, and the stem was encircled with glue. The vine was
kept indoors and was not exposed to wind currents. Six hours after

the phylloxerse were placed on the leaves, eight individuals were

caught on the paper. After 24 hours, 17 winged phylloxerse were
on the paper and 3 dead on the leaves, none having been caught in

the circle of glue on the stem. Thus the phylloxerse had either flown

or dropped down and none had descended the full length of the stalk.

Since none of the individuals on the papers were over 4 inches from

the stem it would appear that they dropped rather than flew from
the vine.

On August 22, 1914, 34 winged phylloxerse were placed on the

foliage of a riparia vine, 12 inches in height. This vine was potted

and sunk in the soil and exposed to field conditions. Around the base

an area of sticky paper 30 by 36 inches was laid. After two days an

examination of the paper showed on the leeward side eight winged
phylloxerse, occurring 16^, 16^, 16, 16, 12, 10, 6, and 1| inches, respec-

tively, from the stem, and one winged phylloxera on the windward
side 2 inches from the stem. The remaining 25 were not recovered,

and probably flew oif or were blown beyond the paper. The location

in which this experiment took place was subjected to wind that blew

from one direction only. It is obvious that the wind was a factor in

the distribution of these phylloxerse.

In the observations on the flying of the migrants it was found

that individuals would fly both in the sunlight and in the shade,

that very frequently they refused to launch themselves even in

bright sunlight and in all varieties of wind currents, and that they

appeared to take no definite direction in launching themselves. As
a general rule, the Avinged forms fly more abundantly in the sun-

shine than in the shade, and they are the more active the hotter and

drier are the conditions of their environment.

PRODUCTION AND RELATIVE ABUNDANCE OF MIGRANTS.

In 1911, in the course of rearing experiments conducted in the

laboratory cellar, the first winged forms were secured on August 2.

These had been raised on a heavily infested piece of vinifera root

and were part of the third generation of that year. In five localities

in central California nymphs were collected in vineyards from
August 3 to 19 and, judging from observations made in years fol-

lowing, it is possible that nymphs had been developed earlier in

that season. In the laboratory the production of migrants proceeded

until the end of November, but in the latter half of October and in

November only a few developed.

In 1912 no record was made of the earliest appearance of nymphs
and migrants, but they were found abundantlv on young potted
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vines (mostly resistants and American nonresistants) during Sep-

tember antl October, and some were reared in the cellar during

Auj^ust.

In 1913 the first nymph was observed, July 9, on the root of an

American vine, and at about the same time others appeared on

young resistant hybrids in pots. On the severed pieces of vinifera

roots kept in jars in the cellar nymphs occurred as early as July 12,

and on July 17 the first migrants appeared. This was the first year

in which experiments were conducted with living vines in cages,

and on these the earliest nymphs and migrants were reared on

July 20 and 28, respectively. In the experimental vineyard (Zin-

fandel) migrants were first collected about August 1, but some

nymphs were found on July 25 in a vineyard at Napa, Calif. In

general, migrants continued to develop until November, but after

the middle of October their production was scanty, and in the vine-

yard very few were found later than September.

In 1914 nymphs were first observed on June 16, both in the ex-

perimental vineyard at Walnut Creek and on roots kept in the

cellar. On June 18 a migrant w^as reared from a nymph collected

in the vineyard two days previously. On the roots of the vines

groAving in cages nymphs were reared June 23. Throughout July

and August nymphs and migrants were abundant in the Zinfandel

vineyard. In September the numbers fell off rapidly and none were

found in October. In infested vines in pots migrants were secured

in considerable numbers throughout August and September, but

were much more scarce in October.

In 1915, in the material reared under cellar conditions, the first

nymph was observed on June 14. The day following, a nymph oc-

curred on the root of a young vine planted in a section cage. In the

cages containing living vines, the first nymph was reared June 23,

and in the experimental Zinfandel vineyard, nymphs were collected

June 22 and evidently occurred as early as June 15. In the vineyard

the production of migrants continued until the end of September,

and w\as abundant from July 15 to the end of August. In the ma-

terial in the cellar jars, abundant migrants were secured throughout

the months of July, August, and September, and the production con-

tinued until November 8.

In summing up, it may be said that in California the period in

which migrants are developed in vineyards extends from the middle

of June until the end of October; that these forms appear in great-

est abundance from the middle of July to the middle of September

(the hottest time of the year) ; and that the production is very

limited in June and October. In small vines in pots, especially if

consistent irrigation is practiced, the October production of migrants
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was frequently large. In the case of pieces of vine roots kept in a

cellar, abnormal conditions of food, temperature, and humidity fre-

quently arose.

The conditions which affect the relative abundance of migrants

are the following: Variety of vine, vigor of vine, humidit}', tempera-

ture, condition of roots, character of soil.

Eesistant and certain American nonresistant vines normall}^ bear

the greatest proportion of migrants. These vines are the descendants

of the wild grapevines wdiich formed, and still form, the natural

food plant of the phylloxera, and which were immune from serious

injury by reason of the fact that there was produced each year a large

percentage of migrants, while few or no wingless forms persisted on

the vines after the winged forms had departed. The wingless

radicicole forms during the summer fed only upon the terminal

rootlets, and when these decayed the vine was easily able to replace

them without suffering injury of any consequence. The resistant

vines of to-day, except in instances in which the roots have been

supplied with poor or insufficient soil, as is noted below, do not sup-

port heavy and continued infestations of wingless phylloxera, and

almost all the phylloxerse born in summer and autumn develop

wings and become migrants. It may be said here that experimenting

with resistant vines grown in pots with soil unchanged for over a

year is apt to give misleading results, for as the soil becomes poorer

and insufficient for the increasing root system of the vine, fibrous

rootlets become scarce, and an abnormal infestation of wingless

phylloxera^ and a diminishing production of migrant phylloxenv en-

sue, thus approaching the conditions normally found on vinifera vines.

On vinifera vines and on many American nonresistants, such as

Isabella, Catawba, and Champion, the production of winged migrants

is never proportionately as large as that which occurs on resistants.

Well-nourished resistant vines have been observed to rid themselves

entirely of the phylloxerse, the insects all departing as winged forms,

and in all cases under normal conditions, if any wingless forms

remain after the winged forms have all left, the number is very

small. On vinifera vines the total nymphal production has been

found to be over 33 per cent of the whole in season, although three-

fourths of the individuals produced on fleshy surface rootlets and on

nodosities have been observed to develop into migrants, and on suc-

culent pieces of severed root cuttings as large a proportion has been

reared.

In the vineyard the larger roots were rarely found to produce a

number of migrants in excess of 25 per cent of the whole number of

phylloxerse simultaneously developed, and under unfavorable condi-

tions extremely few and sometimes no migrants were produced.
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Under average conditions the ^jroportion on the hirger roots was

between 5 and 10 per cent. Regarding the American vines of non-

resistant type, a considerable diversity in the pro(hi(;tion of nymphs
has been observed. On some, like Moore's Early, this production

may be proportionately very large, while on others, like Isabella and

Catawba, it may be smaller than on viniferse, as occurred in the ex-

periments in caged and potted vines. Vines like Agawam, Lenoir,

and Delaware, vinifera crosses, bore about the same proportion of

nymi)hs as the viniferse, but among the labrusca types (Isabella,

Moore's Early, Concord, Champion) there was considerable variation.

On resistant vines, the nymphs are developed on the nodosities, but

on viniferse and American vines of nonresistant type they are also

produced on other portions of the root system. On phylloxerated

viniferse, the most abundant production of nymphs occurs on the

fleshy and fibrous surface rootlets frequently observable in the

vineyard. These rootlets are sent out in May and June, and often

become grossly infested with phylloxerse in June and July. Toward
the end of July, they decay or dry out, and after that nymphs are

produced only on the larger roots and on nodosities deeper in the soil.

On the larger roots relatively few nymphs are produced before August
or after September.

Among viniferse the more vigorous vines produce the greater pro-

i^ortionate numbers of winged forms. Badly stunted vines showing

several years of phylloxeration produce comparatively few, while

the recently attacked vines around the periphery of " spots " produce

large quantities. Viniferse vines in pots produce great numbers the

first year of infestation, but if the soil is unchanged in the second

and third years, as the vines become weakened, they produce fewer

winged forms.

As far as has been observed, all varieties of vinifera? produce the

same proportion of migrants.

It has been observed frequently that a humid environment stimu-

lates the production of migrants and a dry one precludes it. This has

been especially noticeable in the cases of young vines in pots and of

the severed roots kept under cellar conditions. The late appear-

ance of the migrants in the experimental vineyard in 1913 as com-
pared with those of 1914 and 1915 was perhaps due to lack of moisture

in the soil in summer. The spring of 1913 was exceptionally dry,

and the ground became very dry by June, whereas in the two years

following, moisture was conserved in the top soil until July. The
total migrant development of 1913, however, although at first re-

tarded, was finally just about as large as those of the succeeding

years. To hold the severed pieces of roots, glass jars and dishes were
used in the cellar, and it was found that in the summer and fall

1900°—21 6
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a layer of wet sand placed in the bottom of the jar was conducive

to the production of migrants. When moisture was applied peri-

odically to filter papers, the production of migrants was greater

the more frequent the applications.

What effect, if any, temperature has upon the production of

migrants can not be shown except that they are produced during the

liottest months of the year. Contrasting the hot summer of 1913

with the cooler one of 1914, it was found that the production was
about equal each year.

Migrants are produced in greater numbers in soils which retain

moisture than in those which dry out rapidly. Otherwise no further

influence traceable to soil conditions has been noticed. Although the

general behavior of phylloxera differs considerably in relation to

different types of soil, as between these different types the production

of migrants does not appear to cliange.

In the season 1914, 12 vinifera vines were growing in cages. These

were inoculated in the spring, and six of them later treated through-

out the summer and autumn with fertilizers applied in liquid form

periodically. These fertilizers—nitrogen, potash, phosphoric acid,

and magnesium—were combined in a normal fertilizer and also

used in combinations in which one element was in marked excess.

The fertilized vines produced noticeably larger nymphal infestations.

In 1915 other potted vines were treated likewise, except that all

the fertilizer was mixed with the soil at the time of planting, and

the vines were not inoculated until a month later. In this series the

number of nymphs was no greater or less on the fertilized vines than

on the unfertilized.

Migrants formed part of radicicole generations 2 to 5, those of the

third generation being the most abundant. It was never observed

that any of the first generation (direct progeny of the hibernants)

became winged.

NYMPHICALS OR INTERMEDIATE FORMS.

The insects of the nymphical type are intermediate in form between

the winged migrant and the wingless radicicole. In their adult

stage they vary largely. Grassi (11) has figured and described sev-

eral individuals which represent stages in the variation. His speci-

mens varied from a type which differed only from the radicicole in

the possession of two or three extra eye facets and in longer append-

ages to one which superficially resembled a nymph in that it had well-

developed compound eyes and noticeable wing pads. This last type,

lioweA^er, upon close examination, differed from the nymph as follows:

(l)The antenna^ (fig. 8; compare with fig. 9, antenna of nymph)
frequently bore two sensoria, as in the winged insect, but the basal

sensorium was less developed than in that form: (2) the wing pads
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were not hard and straight and parallel to the sides of the body, but

bulged out and appeared rolled up and were soft, also sctmetimes con-

tainin<; the sensor}^ organs peculiar to the wing of the winged forms;

(8) there were no wing muscles in the interior of the thorax ; and (4)

the structure of the vaginal segment of the abdomen was more devel-

oped than in the n3^mph. From this it appeared that this type of

nymphical was more comparable to the winged insect notwithstand-

ing its superficial resemblance to the nymph, and this conclusion

would be the more obvious when it is considered that the nymphical

is an adult insect of the fifth stage.

In Italy the intermediates are said to be quite abundant among the

nymphs in the season of the year (July to October) when the latter

are being produced on the vines. They were found to be especially

abundant on vines of the American type but also not uncommon on

viniferse.

In California, in the year (1915) in which were carried on re-

searches upon the intermediate forms, there was a very small avail-

able supply of infested American vines, and the observations were

confined chiefly to viniferse. On the American vines such as were

examined one nymphical was found.

In looking over a series of slides made in 1914, a single nymphical

was recognized; the year following, during the nymphal season (June

to November), frequent examinations were made on vinifera vines,

and in all 15 intermediates were secured from these. The individual

from the American vine (Wyoming Eed) and nine of those on vinif-

erse were recognized through the medium of mounting large numbers
of insects and later examining them through the microscope. The
remaining six were discovered on the roots through the use of a

binocular microscope, and all of them had rudimentary wing pads, so

that it is likely that others of the type lacking these pads were ob-

served but not recognized as intermediates.

In the two years covering the investigation a total of 17 inter-

mediates came under observation. None of these was found earlier

in the year than the middle of September, and 12 were collected or

observed between September 14 and 27, 1915, and 1 on September 10,

1914. Of the 4 remaining, 1 was observed on a piece of root October

14, 1915, and 3 others October 27, 1915, 1 of which was in the fourth

stage and matured November 1. These 17 individuals differed

greatly one from another and represented all the types discussed by
Grassi and Foa. The types intergrade, and, in fact, no two of the

examples were alike. For the sake of comparison, they may be

divided into three arbitrary groups : ( 1 ) Those without vestige of

wing pads; (2) those with small buttonlike wing pads not visible

from above; (3) those with larger wing pads protruding (as in the

nymphs, fig. 9) beyond the lateral margin of the body and there-
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fore visible from above,

on young vinifera vines.

'Phylloxera vitifoHae: Intermediate of

tj'pe 2, ventral view. Much enlarged.

In group 1 Avere two individuals collected

One of them greatly resembled an adult

wingless radicicole, but be-

sides the larval eyes it had
two to three extra facets, and
the antenniB and legs were

longer than in the radicicole.

The other was slender, re-

sembling a prenymph in

shape, and had about six ex-

tra eye facets, and one an-

tenna showed two sensoria.

Group 2 (fig. 6) had six rep-

resentatives, all with small to

very small rudimentary wing
pads invisible from above.

In all cases the antennae (fig.

8) and legs were long, and

one insect had two sensoria

on antennal segment III. In shape the individuals resembled wing-

less radicicoles. One specimen (from Wyoming Eed) had no extra

eye facets, and the others from young viniferse had a varying number,

usually 10, although one had about 15. The remaining 9 individuals

came under group 3 (fig. 7),

and, because of their more pro-

nounced nymphlike characters,

these are more easily observed

in life upon roots than are

those of the other two groups,

and 4 of the 6 individuals rec-

ognized alive on roots were of

this type.

It is probable, judging from
random collections, that the

insects of groups 2 and 3 are

about equally abundant and
each somewhat more so than

those of group 1. All the in-

dividuals of group 3 had rudi-

mentary wing pads, in many
cases almost as large as the wing
pads of the nymphs. They bulged out from the sides of the insects,

and were soft and appeared coiled (fig. 7) or curled. The com-
pound eyes were well developed, there being from 66 to 100 per cent

as many facets as in the nymplial eyes. In some cases the larval

G. 7.

—

PliijUoxvra vitifoliae: Intermediate of

type 3, ventral view, much enlarged ; an-

tenna at light, more enlarged.
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Phylloxera vitifoUae: Types of antennae of

intermediates. Oreatly enlarged.

eyes were absent, and in no case were ocelli discernible. In most in-

dividuals there were two sensoria on the last antennal joint, and in

one antenna there were two small basal sensoria and the usual

apical sensorium, makin^:

three in all. The basal sen-

soria were not in any case

as large as those of the

winged migrant. The an-

tennae and legs were about

as long as those of the

nymph, noticeably longer

on the average than those of

the individuals of group 2,

which in turn were longer

than those of the two indi-

viduals of group 1.^" It would appear, therefore, that greater devel-

opment of wing pads and comi^ound eyes is complemented with a

lengthening of legs and antennae and a tendency to bear the extra

sensorium of the winged forms. The femora exceed the tibia? in

length.

There is among the intermediates a tendency toward asymmetr3\

This was remarked in Italy and has also appeared in California.

One eye may have more facets than the

other ; the lengths of antennae and legs

may differ in individuals, those of one

side being longer than their counter-

parts, and one antenna may possess

more sensoria than the other.

In two instances the fourth stage of

intermediates was observed in Califor-

nia. In one case an individual of group

;^ molted from what appeared, under

the lenses of the binocular microscope,

to be a true nymph. In the other case

an example of the same group molted

from an insect which itself resem-

bled a nymphical; in fact, after the

molt the individual did not appear

to have changed its structure at all.

In both fourth and fifth instars the

wing pads were large and " fleshy.''

From three individuals, all of group 3, eggs were obtained. These

eggs could not be differentiated from eggs laid by wingless radici-

coles. One nymphical deposited two eggs, which were lost. An-
>" The insect depicted in figure 7 is considerably less enlarged than that represented in

figure 6.

Pig. 9.

—

Phylloxera vitifoliar: Nymph
and antenna of newly molted in-

sect, for comparison with interme-
diates.
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other deposited two eggs, on September 28 and 29, respectively.

These hatched in 11 days, the resultant larvse obviously being

radicicoles but surviving only a few days. The third individual

matured November 1, and between this date and November 10 it

deposited 10 eggs. After this it became weak, and on November 16

was mounted on a slide. The eggs were exactly similar to those laid

by wingless radicicoles, and two of them measured, respectively,

0.310 by 0.166 mm. and 0.297 by 0.168 mm. Seven eggs were trans-

ferred for observation to another root, and three eggs hatched in

from 14 to 16 days, the resultant larvae settling down for hibernation.

One of these soon died, but the other two passed the winter in due

form, and matured in April, 1916. Both of them were typical

radicicoles and subsequently deposited many eggs.

In Italy Grassi and his assistants found that the great majority

of the intermediates were j^arthenogenetic, but one individual was
found to contain a sexed egg. In discussing the phenomenon of the

intermediates, they gave it as their opinion that the parthenogenetic

individuals Avere those which up to their third stage were destined

to become radicicoles, but in that stage changed their development

to that of winged migrants, while the character of their eggs had

been already fixed before the change and so remained parthenogene-

tic. In the case of sexuparous intermediates the change was made
in the reverse direction, the larvae at first being destined to become

migrants and, therefore, when they matured as nymphicals they

deposited sexed eggs.

In California the recorded eggs laid by nymphicals were all par-

thenogenetic, but the possibility of some of such eggs being sexual is

not entirely excluded, in the writers' opinion.

The nymphicals do not leave the roots in the manner of the

winged insects, and therefore deposit their ova on the roots. In the

case of sexuparous nymphicals, the sexes and winter egg would

presumably develop underground. Whether in California such a

development occurs or not can not be stated from our present knowl-

edge, but in view of the fact that for many years the leaf galls have

been unknown, it appears certain that such a cycle proceeds no

further than the winter egg.

DEPOSITION OF THE SEXUAL EGGS.

The migrants deposit eggs (Pi. VIII, /, A, i) which are of two

kinds, viz, male and female, and from these eggs issue the true sexual

aphids. Sexual eggs have never been found by the writers in the

vineyard, either on viniferae or on resistant vines, although a large

number of vines have been examined. In laboratory experiments a

large number of sexed eggs have been produced. Considerable dis-

cussion has taken place among European writers as to the normal
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location of the sexed eg<;s. Taking the sum of these discussions,

it appears tliat they are pUiced on the underside of the leaves and

more abundantly in the bark, generally between the year-old layer

and that of the current year, and are fastened to the inner side of

the former. Occasionally eggs are found at the base of canes where

the new wood joins the old, and rarely on the vine suj^ports (stakes).

They are laid on both viniferse and resistant vines, but preferably on

the latter.

Observations were conducted in small cages, and in a few instances

on living vines in pots. In the latter instances eggs were found laid

on both the foliage and bark. Many different kinds of cages were

used and experiments with different degrees of light, moisture, and

temperature were conducted. Vine leaves and pieces of bark were

inclosed in the cages. As a rule, the migrants, though primarily

attracted to light, deposited their eggs in semidarkness. They laid

them on the leaves and more rarely on pieces of bark offered, but

often also on the sides, lid, and floor of the cages and in cracks. In

1911 the observations tabulated in Table XXVII occurred.

Taule XXVII.

—

Sexual pro4ucti(yti of the ffrape phylloxera, Walnut Creek,
Calif., 1911.

Number
of mi-
grants.

Date and loaxt ion of migrants.

Aug. 4-6: Riparia vine in pot
Aug. 7-S: Vinifera vine in pot. .

.

Aug. 10-12: Riparia vine in pot.

.

Aug. 13, 14: Vinifera vine in pot.

Aug. 15: Riparia vine in pot
Aug. 16: Riparia vine in pot ,

Aug. 17: Glass tube in drawer
Aug. 18, 19: Riparia leaves in petri dish

Aug. 19: Leaves in petri dish
Aug. 23: Leaves in petri dish
Aug. 24: Riparia leaves in laboratory

Aug. 25, 26: Riparia leaves in petri dish.

Aug. 25, 28, 29: Riparia leaves in petri dish.
Sept. 2-17: Vinifera vine in pot

Number
of sexual
eggs de-
posited.!

Sept. 19-23: Riparia vine in pot.
Sept. 25-29: Riparia vine in pot.

Date of
deposi-
tion.

Aug.

Aug. 16

Aug. 15
Aug. 20
..do
..do

Aug. 21
Aug. 22
Aug. 23
Aug. 19
Aug. 23
Aug. 25
Aug. 26
Aug. 27
Aug. 28
Aug. 29
Aug. 27
Aug. 28
Aug. 30
Sept. 3
Sept. 25

Sept. 29

Date of
maturing
of sexes.

Aug. 26
Aug. 28
Aug. 30

Sept. 6

Aug. 30
Sept. 2

Oct. 4
Oct. 5
Oct. 6

Number
ofse.xcs

ma-
tured.

-

1 Thirteen female and three male eggs.
- All maturing sexuals were females.

Table X.^\lU.—£iummary of Table XXYII.

Number of migrants

Number of sexual eggs deposited.

Number of sexual eggs liatclied_.

734

171

13
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Individual egg deposition by migrants, recorded for 5 individuals,

was as follows : 3, 2, 1, 4, and 3 ; average, 2.6. Obviously the great

majority of migrants died without depositing eggs. The eggs above
recorded were laid in from 2 to 9 days, the majority in from 3 to 5

days, after the migrants emerged from the nymphal skin. The great

majority of the migrants did not live more than 3 days after casting

their final molt, confinement evidently having caused premature
death.

From 100 migrants produced August 15, 1912, and placed on a

small vine August 20, a single egg, which failed to develop, was
deposited August 24.

In 1913 different types of cages were utilized in an effort to induce

a larger percentage of eggs and mature sexuals. The results were
not encouraging. From July 17 to October 17 migrants were placed

in the cages. During that time in some 60 experiments, 317 mi-
grants were used, 99 sexual eggs were secured, and 7 sexed phylloxerae

(all females) matured. The migrants in no case lived more than

6 days, the majority only 3 days, and quite a number did not move
their position after having been placed in the cages. In most cases

eggs were laid singly, but there was one group of 5, three groups
of 4, and scA^eral of 3 and 2, laid by single phylloxerse. In two cases

eggs, presumably of separate sexes, were deposited in the same group
by the same individual, but in all other cases it appeared certain

that the eggs laid by individual migrants were of only the one sex.

Judging from the size, about twice as many female as male eggs

were laid, besides quite a number (about 20 per cent) of eggs of an
intermediate size. No male or intermediate sized eggs hatched, but

it was noticed that the male eggs, as they developed, assumed a

darker color than did those of the female. After a certain point in

the development, all the moribund eggs began noticeably to shrink

and turn dark brown. None of the eggs showed signs of infertility,

and within about five days of deposition hatching occurred and the

eyes and body segmentation were visible, after which the moribund
individuals discolored and shrank rapidly. Dead migrants were
found occasionally on the roots and sides of the cellar jars, beside

eggs that they had deposited. In the vineyard such a procedure was
never observed, and therefore it is believed to be quite abnormal, and
probably results from the inability of the migrant to escape from the

cellar jar after having been overlooked in the periodical examinations
for migrants.

During the summer of 1914 a further series of experiments on the

production of sexual eggs took place. The temperature that year
was considerably below that obtaining in the years 1911 and 1913,

and this may account for the lack of sexuals maturing. In 1914 the

cages utilized in 1913 and some of other types were employed.
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The experiments bejjan June 27 and terminated September 7. Three

hundred and ninety-seven mi<irants produced a total of 143 egfjs

from Avhich no sexual forms developed. Thus the proportion of

deposited eg^s to mit2;rants in 1913 was 1 to 3.2, while in 1914 it was

1 to 2.75, and in 1911, 1 to 4.3. In 1914 four migrants each deposited

four eggs, and three eggs were deposited in nine instances, but most

of the eggs were laid singly. In no case could it be definitely said

that eggs of more than one sex occurred in individual groups. About

three times as many female eggs as male Avere deposited, and about

one-fourth of the eggs were intermediate in size (probably males).

The winged sexuparae died on the average two and one-half days

after they were admitted to the cages, or about four days after they

had transformed from the nymphal instar.

In 1915 experiments were continued, migrants being secured from

June 2C to October 27. Part of these were used in stender and petri

dishes, part in small circular rubber cells (i=\ inch high, IJ inches

in diameter) mounted on microscope slides with coA^er glasses for

lids, and a few on a living vine (Riparia). In the dishes small

pieces of \dne, bark, or leaA^es Avere placed, leaA^es of the Champini

being used mostly on account of the fact that the migrants prefer

to deposit eggs on a tomentous leaf. The effect of variations in

temperature and humidity Avas noted.

A total of 1,9G1 migrants deposited in all 472 eggs, and 52 sexuals

matured. Thus the proportion of eggs to migrants was approxi-

mately 1 to 4.15. In the stender and petri dishes and on the living

vine combined, 938 migrants deposited 167 eggs, a proportion of 5.6

to 1, of which 16 sexuals matured. In the rubber cells mounted on

microscope slides, 1,023 migrants deposited 305 eggs, a proportion

of 3.3 to 1, and 36 sexed forms matured. The rubber cells therefore

gave a greater proportion of eggs per migrant. Part of these cells

were kept in a cellar and part inside a slide box in a room of the

laboratory. The egg deposition was not appreciably different in

these two situations, but the sexes under the almost constant tem-

peratures of the cellar matured better than under the fluctuating

temperatures of the room. Part of the dishes also were kept in the

cellar and part exposed to light in the room. Those in the latter

situation averaged more eggs per migrant, but the proportion of

sexes Avhich subsequently matured was similar to that of the migrants

and dissimilar to that of the eggs.

It appeared at first that exposure to light induced the migrants to

deposit a greater proportion of eggs and later appeared to have

prevented a large proportion from maturing. Judging from the

fact that the amount of light to which these eggs were subjected

during their development Avas not greater than occurs under natural

conditions, howeAer, it Avould appear that this supposition is incor-
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rect and that the disproportionate mortality among the eggs was
caused rather by the uneven temperatures prevailing in the room.
The presence or absence of humidity had no apparent effect on the

deposition of eggs. Eggs and sexed forms developed better in dry
than in moist rubber cells, but in the dishes exposed to light the

converse occurred. Part of the migrants were stimulated to fly in

the sunshine before being placed in the cages, and deposited a some-
what larger average number of eggs than those which had not flown,

but the flight or nonflight of the migrants did not appear to influ-

ence the subsequent development of the eggs and sexes. In July
and the first half of August, when the temperatures reached a maxi-

mum, there was a higher average in egg production and in the pro-

portion of sexuals matured, yet during the period September 16 to

October 27, despite lower temperatures, a larger average proportion

of eggs per migrant and of mature sexes was produced than during

the intermediate period from August 16 to September 15.

On the whole, development was most successful where migrants had
flown and when eggs were kept in moderate light and in a moderately

humid environment.

The longevity of the migrants, the number of eggs deposited per

individual, and the proportion of male and female eggs laid coin-

cided with the results of experiments in 1914.

It is only necessary to consider the very small proportion of eggs

laid per migrant (in 1915, for instance, 1 to 4.15) and the very

3mall proportion of eggs which succeeded in developing into mature
sexes (in 1915, 1 in every 9) under artificial conditions to realize

how abnormal these conditions must have been. From observa-

tions made in California during 1915 the comf)lement of migrant

eggs was found to average 2.6, so that if all the migrants in the

experiments in that year had deposited their full complement, ten

times as many eggs as were actually deposited would have been

obtained. European experimenters have had, for the most part,

similar results in their study of migrants in confinement.

In not a single instance was a migrant observed to deposit other

than a sexual egg, so the possibility of the occurrence in California

of a parthenoparous winged form may be regarded as excluded.

There occurs, however, a parthenoparous nymphical form, which has

been discussed above (p. 82).

THE SEXUAL FORMS.

The sexual forms (PI. VIII, j-^n), male and female, issue from
eggs deposited by the winged sexuparse or migrants. These eggs

are of two types, male (PI. VIII, /) and female (PI. VIII, h, i).

Writers have attempted to recognize a third type intermediate in size
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between the larger female and the smaller male efi^, but these inter-

mediate e<2:^s are apparently always of the male sex. Thus there is a

considerable variation in the dimensions of the male eg^s, as, indeed,

there is in those of the mature male insects. According to CJrassi

(11, p. 134-135) eggs producing females vary in length from 0.384

to 0.323 mm., and in width from 0.176 to 0.164 mm.; eggs producing

males, in length from 0.247 to 0.250 mm., and in width from 0.152 to

0.134 mm. He also states that eggs of the intermediate dimensions

are fertile and are of the male sex, and that male and female eggs

may exceed the limits in one dimension, but never in two. On the

average the female eggs were slightly larger than the radicicole eggs

and the male eggs slightly smaller, but intermediate eggs had meas-

urements identical with those of the radicicoles.

Measurements of sexual eggs, made in California in 1913, indicated

a range in length from 0.450 to 0.257 mm., and in width from 0.171

to 0.117 mm. A single female of these hatched (0.357 by 0.171 mm.).

In the light of measurements made in 1914 and 1915 it apjDeared that

eggs of the sexes were similar in dimensions to those recorded by

Grassi for Italy, except that the range in sizes was somewhat greater.

The sexual eggs are bright shining yellow. The eggshell is very

thin and membranous, quite differently formed from that of the

radicicole. The egg hatches after about four or five days' incuba-

tion, the process of hatching consisting in the sloughing off of the

thin shell, the emerging aphid settling at the place of hatching.

The eyes and body segmentation become visible, and the undeveloped

appendages are carried under the body. The insect then undergoes

four successive molts, and does not move away until it is mature.

During the first three instars there appears but little change, except

that the body segmentation becomes more distinct. After the third

molt the appendages project slightly beyond the sides of the body,

but otherwise no visible change occurs. All the molted skins are

contained one within another, adhering to the posterior end of the

body, and when the last molt has taken place the adult moves away,

leaving the " nest " of telescoped skins and eggshell behind. It

sometimes happens that the adult is unable to cast off this pad of

skins. The mature sexuals are capable of running actively, and,

according to European investigations, they may live for some weeks,

thereby facilitating a meeting of the sexes. The sexuals take no

nourishment. The female is slightly larger and the male slightly

smaller than the newly hatched radicicole.

DESCRIPTION.

THE SEXUAL FEMALE.

Orange or orange yellow ; antenure and legs dusky grayish ; antennfe longer

than those of uewly hatched radicicole. Body a little longer and wider than
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the young radicicole. Caudal segment bluntly rounded. Eyes as in the vadi-

cicole larva. When the adult issues the single egg within is small, but within
three days it becomes very evident (PI. VIII, j) and occupies in section an area
equal to about three-fourths of the entire insect.

Table XXIX. -Meamrcmcnts of motvrc sexual females of the grape phylloxera.
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In 1915, in all, there Avere reared to maturity 52 sexiials, of which

9 were males, 2 of these having hatched from eggs of intermediate

dimensions. These 2 males were noticeably larger than the other T.

The majority of the sexuals were reared in darkness under cellar

conditions, the temperatures never averaging over 70.5° F, and in

one instance falling to 61.5° F. A noticeable phenomenon was the

death of a great number of sexes during the fourth instar, which

appeared to be due to their inability to cast the final skin as a result

of a deficiency of moisture. Tables XXXII and XXXIII show

the development of the sexes in 1915.

Tahle XXXII.- -Dcrciopriioit of sv.vcil foriiis of tlic (/ntpc jihiillo.rt ni, Wahiut
Creek, Calif., 1D15.

Individual No.
Date of

egg de-
position.

Date of

maturing
of sexual

Develop
mental
period.

Environment.

July 17
-.do
..do

July 28
..do
..do

..do

..do
July 18
July 22
..do
..do
July 30
July 31
.-do

July 30
...do
July 28
Aug. 2

Aug. 3

...do
Aug. 8

Aug. 10
...do

Aug. 1

-.do
..do....,

..do....,

..do....,

..do.....
Aug. 3
..do.
...do.

-.do.
..do.
Aug.
Aug.
. .do.

, . -do.
. .do.

. .do.

-.do.

Aug. 12
...do
...do
...do
Aug. 13
Aug. 14
Aug. 12
Aug. 13
.--do
.-.do

..do.
Aug. 6
-.do
.-.do-..,
...do....,

Aug. 25
...do
Sept. 1

Sept. 22
Sept. 24

do.
do.

Sept. 26
...do....,

Oct. 6
...do.....

Aug. 14
Aug. 15
Aug. 16
...do
...do
...do
...do
...do
...do
Aug. 17
Aug. 18
..do
Aug. 19
Sept. 8
Sept. 9
Sept. 15
Oct. 4

Oct. 9
..do
Oct. 10
Oct. 12
Oct. 13

Oct. 21

do.
..do.....

Oct. 7
..do....,

Oct. 13
..do....,

..do.....

Oct. 22
Oct. 24
Oct. 25
Nov. 1

..do
Nov. 3

Days.
'

11

11

11

13
13

10
11

70.3
70.3
70.3
70
70

08.

8

68.8
68.8
68.8

68.5.

68.5
68.5

68.'

7

68.7
66.9
64.9
64.9
64.9
64.8
64.3
64.3

61.5
61.5
61.7

Cellar.

Room oflaboratory,

[cellar.

Room of laboratory.

Cellar.

Room of laboratorj'.

Room of laboratory.
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Table XX:S.IU.—Summary of Table XXXII.
Days.

Maximum developmental period 21

Minimum developmental period 9

Average developmental period 12. 73

Average developmental period, female 12. 65

Average developmental period, male 13. 10

During the developmental period preceding September the sexes

developed in an average of 11.1 days, and in the remaining period,

from September 1 to November 3, in 16.1 days.

The males appeared to develop more slowly than the females, but

a larger series might not indicate such a difference.

The sexes, as soon as mature, were confined in a microscope-slide

cell with a piece of vine bark and some filter paper. None lived more

than three days, and copulation Avas observed in several instances,

but on the whole the sexuals showed little activity and were not

much attracted to each other. Several of the females partly ex-

truded a winter egg, but chose no especial locality for oviposi-

tion, and their action was undoubtedly abnormal.

Mating is said to occur normally on the bark of the vine, the

female depositing a single egg under and between the layers of

bark. The egg is attached by a curved peduncle generally to the

inner surface of the 2-year-old bark, but sometimes to older layers.

The Italian investigators found that eggs were most abundant

about midway between the base and head of the vine trunk, but that

they might be deposited on any wood of 2 or more years of age as

well as on buds. The egg at first is greenish yellow, and later becomes

greenish brown, remaining so until the time for hatching in the

spring following. The phylloxerse issuing from the winter egg are

said always to become the gallicole (gall-inhabiting) stem mothers.

At Walnut Creek all types of vines exposed to phylloxera infesta-

tion have been searched exhaustively without more than a single

winter egg being found. Among these vines were included viniferse

taken from phylloxerated vineyards, and viniferse and American

experimental vines grown in pots and boxes. The single egg brought

to light was observed in December, 1912, located under the outside

layer of bark of a young potted vine (Champenal). This egg, after

having been kept under observation for three weeks, died.

From all observations in California it appears that conditions are

unfavorable for the successful development of the sexual phylloxerse

and, therefore, for the " winter " egg and succeeding generations of

gallicoles. Since in some parts of France a similar condition in the

phylloxera cycle obtains, it was concluded that some factor was

lacking to insure successful development, and there was reason to

believe that humidity was one of the factors until the discovery of
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the existence of the <::allicoles in Arizona under dry climatic condi-

tions appeared to disprove this theory. At present it is held that

the phylloxera in California is undergoing, and since it was first

introduced (about 60 years ago) has continuously undergone, a

marked change in habits resulting from variations in the character

of its food. Wherever the phylloxera is attacking vinifera vines its

habits are undergoing change. In many localities the production of

sexuals, v^inter eggs, and gallicoles proceeds simultaneously with

prolific agamous radicicole infestation, and in sucli places speedy

diffusion of the species obtains by reason of the winged insects and

gallicole in addition to the wanderers. In California and in certain

other localities the spread of the phylloxera has been slow, primarily

because the danger from the agencies of the migrants and gall in-

habitants has been very slight, and this notwithstanding the presence

of resistant vines, the type on which the gallicoles normally form the

galls and on which the " winter " eggs develop the more successfully.

Thus it appears that the phylloxera, since it has been in California,

has modified its habits to suit its environment, by exchanging the

complicated life cycle on its native plants (native vines of eastern

North America) for the more simplified life cycle upon Vitis vini-

fera.

THE GALLICOLE AND ITS RELATION TO CALIFORNIA CONDITIONS.

In the eastern United States, in Arizona, and in the majority of

the phylloxera districts in Europe the gall form or gallicole occurs.

This is most prevalent in the more humid districts, and occurs chiefly

on American vines and American hybrids and only rarely on Vitis

vinifera and its hybrids. Recent research in European countries,

especially in Italy by Grassi and his colleagues, has proved that

the original gallicole hatches from the winter egg deposited during

the previous autumn by the sexed female in a crevice in the bark.

This larva hatches wdth the appearance of the first leaves and

attaches itself to the surface of a young leaf, where its punctures

produce a " pocket " formation in the leaf tissue. In this pocket it

grows, matures, and deposits its eggs. Upon hatching, the resultant

larvse seek young leaves higher up on the growing cane, and, settling

on the surface, cause further pocket formations. Succeeding gen-

erations follow throughout the summer, the numbers being more and

more reduced by predacious enemies (Syrphidae, Agromyzidae, Coc-

cinellidae, etc.) , and also by a certain percentage of the newly hatched

larvte deserting the cane for the roots. Among the later genera-

tions the percentage of larvae that seek subterranean existence in-

creases, and such larvoe may be differentiated by certain character-

istics, when newly hatched, from those destined to continue on the

foliage. They possess relatively longer beaks and a different anten-
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nal structure, including relatively larger sensoria. To these small

larva3 has been given the name neogallicolcE-radicicolai (young gall

lice With root louse characteristics), while to the type which merely

moves from one leaf to another younger one has been given the

name neo(jallicol(K-gallicolce (young gall lice with gall louse char-

acteristics).

On the European vine {Vitis vinifera)^ according to Grassi, winter

eggs were rarely laid and galls rarely found, the majority of those

found being imperfect. It was apparent also that growth was much
slower than on American vine foliage. In Italy, from eggs pro-

duced by nine gallicoles that had produced galls on a European

vine, a few of the progeny had radicicole characteristics. This,

however, was a rare occurrence, the great majority of young larvae

hatching in galls on European vines showing the gallicole charac-

teristics and thus not being destined for subterranean life. The
Italian investigators were able to cause radicicoles to settle and

produce generations of gallicoles on the leaves of a Clinton (Ameri-

can) vine. This succeeded after several fruitless efforts. In this

connection it may be said that, at Walnut Creek, on a small Golden

Champion (American) vine, radicicoles ascending the stalk and

ovipositing in crotches of the stem as high as 5 inches above the

surface of the soil were observed in the fall of 1914. A few of the

resulting larvae settled still higher up on petioles. Finally cold

weather in November ended this aerial infestation either by killing

the larvae or compelling them to descend below ground.

On July 16, 1913, a shipment of eight leaves of an American vine

well infested with gallicoles was received from Vienna, Va. The
gallicoles were egg-laying females, probably of the second genera-

tion (progeny of stem mothers), newly hatched larvae, and large

numbers of eggs. Only one adult occurred in each gall. Four of

these leaves were placed contiguous to foliage of three resistant

vines. The varieties were Riparia X Eupestris 3309, Columbaud X
Eiparia, and Solonis X Riparia. The first two named, small vines

in pots, each were inoculated with one infested leaf; the third vine,

larger and growing in the vineyard, was inoculated with two leaves.

In no case were galls developed on the foliage of the three vines

inoculated. It is to be recorded that these three vines were of a

different type from the infested vine, but the Riparia type is sus-

ceptible to gallicole infestation.

On September 6, 1913, a selection of foliage of a Riparia hybrid

infested with gallicoles was received from Washington, D. C. The
following vines grooving in the vineyard were inoculated with the

infested foliage in close contiguity : Riparia X Rupestris 3309, Ru-

pestris St. George, Rupestris X Berlandieri 301 A, Berlandieri X
Riparia 34 E. M., Riparia X Cordifolia X Rupestris 111-8, Riparia
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Gloire de Montpellier. Tlie infested folia<:^e had an abundant sup-

ply of newly hatched larvae, but in no case did the inoculation suc-

ceed. It is possible, however, that many of the larvae of such a late

generation had radicicole characteristics, and therefore none such

would settle on the leaves. Both of the fore^oin<j series of inocula-

tions were made under conditions of light atmospheric humidity.

Recent research in Italy (11, p. 335-345) (17) shows that in that

country, at least, humidity and irrigation have much influence in the

production of galls on resistant vines. Both the Riparia X Rupestris

3309, and the Rupestris St. (leorge are said by Panatelli to produce

many galls in dry locations. It appears, however, that in general

a greater humidity is conducive to the production of gallicoles on

resistant vines and their hybrids. Thus out of 24 well-known resist-

ant varieties enumerated by Panatelli, 21 produced many galls and
3 few galls in humid localities, while in dry locations 10 produced no

galls, 5 few galls, and 9 many galls (17). In this connection, it may
be added that in California resistant vines have been frequently

observed growing among badly infested viniferse and never showing

any sign of gall infestation. On no occasion, indeed, have the writers

ever observed phylloxera galls in California, and there is only one

authenticated case in California of gallicoles, that being the discovery

in August, 1884, by Dr. F. W. Morse (16), of gall-inhabiting phyl-

loxerae on a Canada (labrusca X riparia X vinifera) vine on the

University of California grounds at Berkeley.

The two shipments of gallicoles cited above were also used in

experiments to determine whether this form Avould live on roots.

On July 16, 1913, 75 newly hatched gallicoles were placed on two
pieces of severed root (Zinfandel) in a petri dish in the cellar. On
a third smaller root 100 eggs from the galls were located. On
August 18, on the two larger roots, five phylloxeras with the typical

radicicole characteristics matured. On September 3 there were

altogether seven mature egg-laying radicicoles, of which six had
matured on the two larger roots. Thus out of 100 eggs and 75 newly

hatched larvae only seven phylloxerae matured.

On September 6 a similar experiment was begun on severed roots

in the cellar. On two roots 75 eggs apiece were placed. These all

turned black and none hatched, it appearing that the embrj^o suffered

injury through fermentation that developed during the transconti-

nental journey. This supposed fermentation did not affect the larvae

already hatched and which were used for the foliage experiment.

A further experiment took place on roots of a living vine (Thomp-
son's Seedless) which was inoculated July 16 with 50 eggs. Three
insects from this inoculation matured August 12, 13, and 14. They
were typical radicicoles and laid eggs at the rate of between two and

1900°—21 7
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three daily, at first exceeding that number. These eggs were typical

radicicole eggs, and produced further radicicole generations. Twelve
of the eggs laid August 21-24 were transferred to another root of

the same vine (Thompson's Seedless) and four insects matured
between September 28 and October 5, after an average egg stage of

about seven and one-half days and an average growing joeriod of 35

days. The progeny of these four became hibernants, several of which

matured and oviposited the following spring. These experiments

demonstrate that under California conditions it is possible for larvae

hatching in galls to mature on the roots and become typical radici-

coles. No observations were noted regarding the characteristics of

the newly hatched gallicoles used in the experiments. After the

inoculation, July 16, of 50 eggs on the root of the living vine it was
seen that most of these eggs turned dark brown and failed to hatch.

The observations on the hatching of this batch of eggs indicate that

those failing to hatch were the earliest deposited, and it may be that

the change in conditions and environment aflfected the embryonic

development adversely.

The present nonappearance in California of the gallicole and its

work on the foliage of grapevines, a condition paralleled in certain

portions of Europe, vitally affects the entire biology of the insect,

since it has been ascertained that the phylloxera issuing from the

winter egg can only exist on the leaf or petiole as a gallicole. The
Italian investigators Grassi, Topi, Grandori, and Foa found that no

larvse hatching from winter eggs fastened on the roots and that

all of this generation of stem mothers (fundatrices) had the galli-

cole characteristics. This is a very important biological point. It

is borne out by observations in those parts of Europe where the

gall form is absent and in which winter eggs are extremely rare.

It is similarly borne out in the phylloxera regions of California,

where similar conditions occur. During the winters of 1912-13 and

1913-14, art extensive series of vines, large and small, of all types,

many of which had been infested the previous summer with winged

phylloxeree, and others which, while themselves uninfested, had been

growing near such infested vines, were examined. With only one ex-

ception, no trace of winter eggs or dead sexuals was found. This ex-

ception consisted in the single winter egg noted under the preceding

heading.

EFFECTS OF WATER AND HEAT ON PHYLLOXERA.

Experiments were carried out to determine (1) the resistance of

hibernant larvre and eggs to water heated to various temperatures,

(2) the resistance of hibernant larvae to submersion in water at ordi-

nary temperatures, and (3) the resistance of eggs to the heat of the

sun.
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During the winter of 1913-14, two experiments were made on

the resistance of hibernants to hot water. The temperatures used

ranged from 116° to 137° F., and tlie duration of submergence

ranged from one to four minutes. A temperature of 120° F. failed

to destroy the aphids completely, while 125° F, with a submergence

of one minute destroyed all the insects. Similar treatment of the

roots of living vines resulted in no appreciable injury to dormant
plants.

The same winter, between December 3 and March 17, a series of

nine experiments were carried out bearing upon the resistance of

hibernant larvae to submersion in water of ordinary temperatures.

Pieces of heavily infested grape roots were placed in petri dishes

under about 1 inch of water. The periods of submersion ranged from
48 hours (two days) to 1,512 hours (nine weeks). It was found that

with the lengthening of the submersion period the percentage of

aphids succumbing increased. A submersion of six weeks, however,

resulted in the destruction of only 72 per cent of the aphids, one of

five weeks in 64 per cent mortality, the final test (that of nine weeks)

alone destroying all the aphids. In tests of from 48 to 168 hours'

submergence the temperature of the water averaged 47° F., in the

final test of nine weeks it averaged 55° F., and in four intermediate

tests of from three to six weeks, 53° F.

In the light of the results of this series of tests the fact that a

practical vineyard submersion requires at least two months' flooding

is not a cause for wonder.

An observation made during the winter of 1913-14, from Decem-
ber to February, showed that hibernant larvae can withstand short

intermittent submersions in water interrupted by periods of low

temperatures, even passing below 32° F.

On June 9, 1914, two experiments were conducted, bearing on

the resistance of eggs of the radicicole to heated water. In four of

these tests the length of submersion was 90 seconds, and the tem-

peratures ranged from 112.1° to 131° F. ; in the other seven, the eggs

were submerged 60 seconds under temperatures varying from 108.5°

to 132° F. Results showed that a temperature of 123° F., Avith an

exposure of 60 seconds, destroyed all eggs. For practical use it is

desirable to have a temperature of at least 125° F.

In the experiments the eggs after treatment were placed on pieces

of vine roots and observed for possible development. Temperatures

of 123° F. or over killed the eggs immediately, but the lesser tem-

peratures killed none or only a variable percentage. Those eggs

not killed hatched normally.

During June and July, 1914, a series of tests was made with

radicicole eggs exposed to atmospheric temperatures varying from
76° to 90° F. for periods varying from 5 to 60 minutes. With a
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shade temperature of 90° F., eg'gs exposed to simli<jht were killed

in 20 minutes. At a shade temperature of 76° F., 40 minutes' exposure

to direct sunlight killed all aphids, but when placed in the shade

the eggs resisted the maximum test of 60 minutes' exposure.

It is therefore apparent that eggs can resist the sun's rays to a

considerable extent. The extent of their resistance to atmospheric

temperatures in the shade can not be estimated, though it is of course

greater than their resistance to direct sunlight. The eggs utilized in

these tests were selected at random, and therefore were in various

stages of embryonic development.

Experiments with the submersion in water of active newly hatched

larvae are detailed under the heading " Diffusion," which follows,

DIFFUSION OF PHYLLOXERA.

In European countries four natural means of diffusion are recog-

nized: (1) By the winged insect; (2) by newly hatched wandering

larvse issuing from the soil; (3) by neAvly hatched wandering larvae

traveling through the soil; (4) by the gall-inhabiting form. To
these there should be added casual means, as follows: Cultivating

instruments, vine supports and picking boxes, plants between the

vines, man and domestic animals, water, cuttings and rooted vines,

phylloxerated land, and old stumps.

DIFFUSION BY FLIGHT.

Comparing the slower diffusion of the phylloxera in California

with that of certain European vine-growing sections, it was from the

first doubted that the winged form was a common diffusing agency,

in spite of the fact that its production is often abundant in California

vineyards on the roots of vines the second and third years after the

initial infestation. This doubt became strengthened by (1) lack of

leaf galls in nature and failure to discover winter eggs on a large

number of vines of different varieties known to have been infested

by migrants, or to have been close to vines thus infested; (2) the fact

that, in confinement, during five years, thousands of migrants were

utilized and only 72 sexual forms were secured, and, in turn, no

normal winter eggs. On comparing the researches of European

observers it is found, however, that in most cases they were unable

to raise the sexual forms in confinement in any numbers, so this

second point is inconclusive.

Grassi (11, p. 138-148) and his colleagues demonstrated that the

insect which hatches from the winter egg always settles on the young

vine leaf and becomes the gall-making stem mother (gallicole).

They also found (11, p. 274-280) that there occurred a nymphlike

form which deposited parthenogenetic eggs from which issued root-
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feeding insects. This form generally occurred on resistant vines,

but also on viniferse along with the sexuparous migrants. The indi-

viduals exhibited much diversity in development, ranging from tliose

with large wing pads to others bearing no vestige of wing pads, but

having more fully developed eyes than the typical adult radicicoles.

In nearly every case their eggs were parthenogenetic, the resultant

larvae becoming root feeders. This form has been styled " inter-

mediate," in that it is intermediate in structure between the radi-

cicole and the w^inged form. Observations indicate tliat it occurs

rather infrequently in California. It has been discussed under the

heading " Nymphicals or intermediate forms" (p. 82). All the

fully winged indivithials observed in California which deposited eggs

were sexuparous.

To sum up, it is not believed that in California there is diffusion

through the winged form. It is perhaps worth while to record

some observations upon the behavior of the insects of this form in

the vineyard. During July and August, 1914, these occurred in a

Zinfanclel vineyard badly infested with phylloxera. Previously

roots of many of the vines on lighter soil had been dug up, and it

had been found that a large production of migrants was developing,

especially on vines having the external appearance of not being badly

phylloxerated. The condition of the roots on this type indicated

that phylloxeration had not been in progress more than two years

and the tuberosities had not reached a stage of advanced decay; but

phylloxerse were abundant, and it was evident that another year

would find the vines much less thrifty. Sticky paper, tacked to

boards, was placed in the vineyards, both on the surface of the

ground in a horizorttal position and in a vertical position. The hori-

zontal papers were placed beside infested vines at distances varying

from 6 inches to 5 feet from the trunks. The vertical boards were

placed throughout the infested part and outside of the vineyard

and extended from the soil surface to a height of 74 feet. More
winged migrants were obtained on horizontal boards than on the

vertical boards in proportion to a given area of paper. The majority

of migrants caught on the horizontal boards were found at the

edges, indicating that they reached the papers by w^alking rather

than by flight. In some cases where individuals Avere found in the

middle of the sticky papers it appeared that these might have
fallen down from canes of the vine above, but in many instances the

phjdloxerse obviously had reached the papers by flight or had been

.blown thither by the wind. Those on the vertical papers had either

been borne by the wind or had flown voluntarily. On the vertical

boards facing away from the prevailing wind no migrants were

caught. Vertical boards with sticky paper were placed in the vine-

yard on the following dates: June 20; July 7, 10, 13, 21, 24, 31;
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August 3, 7, 11, 14, 17, 20, 21, 31. Horizontal boards were placed

July 10, 13, 21, 24, 31 ; August 7, 11, 14, 17, 21, 25, 31 ; September

5, 11, 26.

On the vertical boards eight migrants were captured between July

13 and August 21, and on the horizontal boards, between July 10 and

August 17, 51 were taken. The area of paper exposed on the vertical

boards was 63,725 square inches, almost 50 square yards, while that

of the horizontal boards was 7,625 square inches, not quite 6 square

yards. The papers kept sticky for about four days on the average.

Considering the comparatively large number of migrants captured

on the limited areas of sticky paper, there must have been a

heavy infestation throughout the vineyard. Winged phylloxerse were

observed on and about the bases of vine trunks, and many were

caught in spider webs and died. Whether the migrants deposit the

sexual eggs in the vineyard or not, the total absence of galls on

the vines (viniferse and resistants) surely indicates that such eggs

come to nought.

From rather meager observations it appears that the sexuals require

a high temperature, coupled with considerable humidity, for their

successful development, and that the climatic conditions of Califor-

nia lack the requisite combination.

DIFFUSION BY NEWLY HATCHED RADICICOLES ISSUING FROM THE SOIL.

In the summer of 1868, Faucon, in France, observed young radici-

coles wandering over the surface of the soil following a heavy rain,

Avhich had caused the soil to crack open in drying. He also observed

the phylloxerse to enter cracks and disappear. In 1872, he again

observed these phenomena between August 4 and September 30. The
year following, his observations were made from June 14 to Septem-

ber 13, so that he was able to see wandering larvae during a period of

three months. In 1876, Boiteau, in France, confirmed the observa-

tions of Faucon, adding that he found that the greatest number of

wanderers issued from vines at the periphery of the phylloxera
" spot." Since then other observers have discussed the phenomenon
of "wanderer" diffusion. Grassi (11, p. 351, 138, 148) and his col-

leagues, working from 1907 to 1911, conducted a series of experiments

with the wandering larvae. They found that these were strongly

attracted to light and that in walking over the soil surface they did

not go in a straight line, but deviated according to the variations of

the surface. On a piece of glass they proceeded in a straight line and

covered a distance of about 2 cm. the first minute.

As regards inoculation of vines by these wandering young, suc-

cessful experiments were carried out in Europe on vines in pots, it

being found that the wanderers penetrated the cracks formed be-

tween the inside periphery of the pot and the drying soil and infested
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the rootlets oTowin<^ in contact with the pot. Experiments showed

that when sand was dry it obstructed the wanderings of the phyl-

loxera?, but when moistened the phylloxera} mi<j^ht be drawn through it

with the water. It was also found that in sandy soils water might

occupy all the interstices between the grains of sand, repelling the

phylloxera^, whereas in soils of other types air cavities existed suf-

ficient to enable the phylloxerse to live.

In California the wandering larvse were first observed in glass

jars in which were kept phylloxerated roots in the summer of 1918.

When such jars were removed from the darkness of the cellar to a

light room, young larvse were observed wandering up the sides of

the jars. In the dark cellar such wandering took place, but after

light was admitted to the jar the wandering became much accentu-

ated. Similar wandering of larvae was observed in the cages used

for observations on living roots (Pis. V, VI, fig. 1; VII).

ITntil 1914 no vineyard observations in this direction had been

made, but in that year wanderers were observed in their normal

state. For these observations, vines in a phylloxera "spot" in a

Zinfandel vineyard 10 years old were selected. This " spot " was

situated on light clay loam upon sloping ground, and within its

confines wandering larvae were observed during July and August.

These were found in greatest numbers coming from vines near the

outer edge or periphery of the " spot." Such vines had little ex-

ternal evidence of phylloxeration, but upon examination it de-

veloped that the roots were heavily infested and produced many
migrants as well as wanderers. From vines obviously moribund a

smaller number of wanderers appeared. Wanderers also were ob-

tained on the same horizontal boards with sticky papers on which

migrants were caught. These were captured close to the edge of

the sticky substance and never farther from it than 6 mm., and it

appeared that all those taken had crawled to the papers and that

none had been borne on the wind. On vertical papers, not even

when placed within 2 feet of the wanderers, and to the leeward of

them, were any phylloxerse captured. It was observed, however,

that on favorable occasions wanderers are easily borne off by gusts

of wind. The part of the vineyard in which wanderer activity oc-

curred was moderately well cracked through drying. On the hori-

zontal sticky papers wanderers were caught at points from a few

inches from the vine trunk to 5 feet from the nearest vine and
directly in the center of a square described with a vine at each angle.

In this latter case either the phylloxeree had ascended by the trunk

of the vines, and then walked 5 feet, or else they had ascended by
means of cracks nearer the paper. In either case it is obvious that

the spread of a given phylloxera " spot " may result from the activi-

ties of these wanderers without the agency of wind.
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Wanderers were first caught on sticky papers July 21 and first ob-

served alive in the vineyard August 11. After August 18, no more
were caught on the sticky papers, and after August 25, no more were

observed alive. The weather during July and August was for the

most part bright and warm. In the vineyard the wanderers were

observed in by far the greatest abundance near the trunks of the

vines, and it appeared that they had reached the soil surface by fol-

lowing up the roots. No wanderers were observed on the aerial

portions of the vines themselves. They showed much activity, wan-

dering aimlessly around over the soil. They seemed to prefer the

shaded parts, but appeared also on ground surface exposed to the sun.

Large numbers were found dead close to the vine trunks, and these

occurred in places where the soil was very fine, indicating that the

phylloxerse were unable to progress in fine soil. Laboratory ex-

periments bore out this supposition. Many others became caught

in spider webs stretched over the soil surface. The character of the

soil in the vineyard in August, 1914, was such as to enable phylloxeree

to pass from one vine to another without necessarily encountering

very fine soil, as no cultivation had been practiced since May, 1914,

and the vineyard had been cultivated previously only in one direction.

As regards the capture of wandering larvse upon sticky papers,

the data ffiven in Table XXXIV are of interest

:

Table XXXIV.- -Wanilerixf/ larv(P of the f/iripc plniUoxera ; diffusion in vine-
yard; Walnut Creek, Calif., 191.',.

Date caught on paper.
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trunk is considered as the central point. On two occasions wan-

derers were caught on paper placed e<iuidistant (5 feet) from four

trunks of infested vines. Kxaniinations showed that between one

vine and another, even of apparently equal phylloxeration, a great

variation in the production of wanderers took place. It also ap-

peared that there was a tendency to produce these forms all at one

time as though they had collected in a mass and then issued all to-

gether. As regards the time of day at which they were most abund-

ant, it appeared that more might be observed between 10 a. m." and

1 p. m. than at other daylight hours. European observers found

that in general the wandering larvae appeared in greatest abundance

in the early afternoon, which is the hottest part of the day.

Vineyard observations were continued in 1915. The same vine-

yard was used, but more attention was paid to phylloxerated vines

on the parts in which the soil was a heavy black clay. On
this heavy soil no wanderers appeared before July 24, and none

was found after July 29. The larvae also w^ere always very scarce,

notwithstanding the fact that the soil contained numerous cracks

which would enable the wanderers to reach the surface. On the

lighter soil (clay loam), wandering larvae first appeared July 14,

and they continued to issue until August 18. During this period

of over a month about two-thirds of the phylloxerated vines exam-

ined were producing wanderers. Between July 15 and 21 they

were most abundant, as many as 20 or 30 living individuals being

visible at one time beside the more heavily infested vines. In

August hundreds of dead larvae could be seen on the surface of the

soil around the bases of the vine trunks, and large numbers were

caught in spider webs. As in the previous year, the vines bearing

the largest numbers of wanderers were those of recent phylloxeration.

In 1915, during the period of wanderer activities, the weather was
for the most part quite hot and dry. Occasionally there were cool

days, and on these the wanderers appeared to be as active as on the

hot days.

It appeared certain that the great majority of the wandering larvae

ascended to the light by way of the main trunk of the vines, around
which there occurred almost always a wide crack. More issued from
Zinfandel vines than from Carignan vines equally phylloxerated,

perhaps because the Zinfandel had thrown out more fleshy rootlets in

May and June, and these had decayed in July while heavily infested.

It would thus appear that many of the wandering larvae are pro-

duced on these surface fleshy rootlets and leave them because they

have become overcrowded or have started to decay.

In each of the years 1914 and 1915 wandering larvae appeared in

the vineyard over the same period, i. e., from the middle of July to

"All references to clock time refer to " Standard time."'
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the end of the third Aveek in August. The condition of the soil was

about the same in both years, moisture being somewhat higher than

usual because of extra heavy precipitation each spring. The reten-

tion of moisture near the soil surface tends to produce many fleshy

rootlets, and these in turn produce abundant nymphs and wandering

larvae. Thus a wet spring results in the early production of migrants

and wandering larvae.

A number of laboratory observations were made on the wandering

larvae. From these it appeared that the insects were capable of

walking as much as 14 feet on a smooth surface, provided a strong

light attraction was present. On fine soil their appendages became

clogged very soon, and prevented further locomotion, but on hard

surfaces, they progressed successfully. On warm surfaces they easily

became " baked " to death, and in fact always lived the longest when
least exposed to the sun, as the heating of the surface soil killed the

aphids. Larvae easily passed over wet sand and were able to make
headway on dry sand, but could not penetrate sand. It was found

that the larvae could remain alive at least for three days, wandering

around partly upon the soil and partly in cracks in the soil in a

flowerpot subjected to an average amount of direct sunlight.

During the summer and autumn of 1914 a number of young rooted

vines were planted in 9-inch pots, and these were inoculated during

May and June by burying phylloxerated roots around the stalk or by

transferring eggs to the larger roots. These vines included viniferae,

American nonresistants, and resistants. On the top of these pots

and resting on the earth were fitted tightly circular pieces of wood
with a hole in the center, through which passed the stalk of the

vine. The whole aerial portion of the vine was inclosed in a muslin

cage. This construction was designed to compel phylloxeras ascend-

ing to the soil surface to make their way through the hole around

the stalk; and having done so, they would be unable to escape by

reason of the white muslin cage and would soon die. In October

and November these cages were examined, and in some of them

small numbers of dead wanderers were found, in others none, and

in still others very large numbers. Those containing dead wan-

derers in abundance were the ones in which the vines had been fer-

tilized with chemical fertilizers, and there was also a corresponding

abundance of winged migrants from such vines. The action of the

fertilizers produced many migrants and many wanderers and in-

vigorated the vines, yet in all cases a large root infestation by wing-

less forms persisted through the winter following. In the cages

above mentioned fertilizers, in liquid form, were applied periodically

during the summer. In 1915 a similar series of vines were fertilized

with solid fertilizers at the time of planting in early spring, and
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later observations shoAved that wanderers were no more abundant on

fertilized than on check, unfertilized vines. On young vines in

pots wanderers were often observed to ascend the vine stalks to 6

inches above the soil surface, and in one instance on an American

nonresistant vine (Golden Champion) several of them fastened on

the bark and matured there (1914). This vine was never exposed

to the brightest light and, moreover, during 1914, within a radius

of 4 inches from its stalk was placed a glass cylinder, around the

bottom of which was fastened 2 inches of black paper, so that the

stem of the vine received little light. In 1915 the glass cylinder

and black paper were removed and no wanderers settled on the aerial

portion, although from June 29 to September 10 a limited number

of them could be seen almost daily ascending the stalk to about 6

inches as in the previous year.

During 1913 and 1914 many instances were observed of wanderers

infesting the rootlets in the pots used in the cages for observations

on living vines (Pis. V-VIl). In these cases the wanderers were

produced on the exposed portions of the roots, and wandering off

these, they found themselves on the surface of the soil in the pots.

They then proceeded to pass down through the cracks around the

inside periphery of the pot, where the soil had dried, and finally

reached the rootlets growing against the inside of the pot. Such

infestations occurred on rootlets from the surface to the total depth

of 9 inches. This infestation occurred during July, August, and

September, and in November, when the vines were pulled up, most

of the nodosities produced by the phylloxerse had rotted. In some

cases rootlets appeared above the soil around the peripher}^ of the

pot, and these were infested easily and abundantly through the

agency of wandering larvae. In the pots in which quartz had been

substituted for earth for experiments with fertilizers, the wanderers

were able to find their way down to the rootlets, although the cracks

in the quartz were fewer and narrower than in the earth. It may
be mentioned that the earth used in the pots in 1913 was a rather

heavy dark loam, mixed with sandy loam, and in 1914 only the

heavy dark loam was used. A layer of gravel and sand about one-

fourth inch thick was laid on the surface, but this did not prevent

cracking around the inside periphery of the pot. The heavier soil

of 1914 seemed to allow of easier passage for the wanderers.

In the spring and summer of 1914 three vine section cages con-

taining cuttings were placed together in a trench. Two of these were

infested with phylloxerse throughout May and June. On July 18

it was found that a vine in the third cage was infested with two egg-

laying adults, each situated on a nodosity. The vines in this sec-

tion caffe never had been inoculated, and it is certain that their in-
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testation was caused by two wanderers from an adjoinino; cage. It

was judged that this infestation must have occurred about Jiuie 20,

when many eggs Avere hatcliing in the adjoining cages and many
rootlets decaying, thus compelling the newly hatched larvae to seek

food elsewhere.

INOCULATIONS WITH WANDERERS.

On July 81, 1918, 80 wandering larva^ were taken from jars in

the cellar and placed on pieces of sound severed roots in a petri dish.

On August 18, 25 half-grown phylloxerse found roaming around in

jars were added. All the latter deserted the roots and died, but of

the former, three matured August 25 to September 18. A later in-

oculation (Sept. 25) with 40 young wanderers resulted in none of

these remaining. Another similar experiment was tried on Septem-

ber 29, with 40 young wanderers, but it also failed. Thus out of

135 individual wanderers only three matured.

In 1914 this experiment was repeated, and two pieces of sound

severed roots were inoculated in a petri dish, one with 8, the

other with 40 wanderers. In this case a layer of moist sand was
placed below the roots, whereas in 1913, only filter paper had been

used. Of the smaller lot 1 and of the larger lot 20 matured. Thus
On August 28, 15 wanderers from jars in the cellar were placed on

the living root of a Tokay, and 8 of these hibernated and developed

tlie following s})ring.

In the autumn of 1918 an attempt was made to inoculate the roots

of sound potted vines by means of wandering larvae placed upon
the surface of the soil in the pots. For this purpose, 85 wanderers

were placed on the soil of each of four potted vines (Resistant

hybrid, Sept. 18 ; Agawam, Sept. 28 ; Burger, Sept. 26 ; Thompson's

Seedless, Oct. 6). In no case did the wanderers succeed in inoculat-

ing the roots. The soil, however, contained extremely few cracks.

The following year this phase was pursued further. Sound pieces

of roots were planted 4 inches below the surface in four 9-inch pots.

On July 8, 80 wanderers were placed on the soil surface of the first

pot, the soil being cracked from having been watered the previous

day. The root below was never infested. The soil of the second

pot was watered to cause it to crack extensively. After it became

well cracked about 25 wanderers were shaken on it, July 8. An ex-

amination of the root, August 25, showed it to be infested with a

thriving colony of phylloxeras. In the third pot the soil was not

watered; conseijuently there was no cracking. On July 12, 50 wan-

derers were shaken out on the surface. No infestation of the root
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below occurred. 'J'lio soil of the fourth pot was watered si)arin<i:ly,

and few cracks were formed. July 17, 12 wanderers were shaken onto

the soil. No infestation of the root below occurred. Only one out

of the four experiments resulted positively, and in that one the

soil was very well cracked, affording access to the root.

Inoculation of the wanderers on living vines was attempted

through the following experiments : Five lots of four vinifera vines

each were i)lanted, two on light sandy loam and three on heavy clay

loam. Tiie vines were all young rooted vines, and they were planted

roughly in the form of si^uares during the month of June. In the

center in each one of four of the groups a phylloxerated vine (potted)

was put in the ground at varying distances from the four surrounding

vines. In one group the four outside vines were distanced, respec-

tively, 14 inches, 2 feet, 3 feet, 3^ feet from the central vine. In a sec-

ond group they were distanced, respectively, 2, 3, 4, and 6 feet from the

central vine. In the third group they were distanced, respectively,

2, 4, 6, and 8 feet from the central vine. In the fourth group they

were distanced, respectively, 2, 3, 4, and 6 feet from the central vine.

In the fifth group the four vines were potted, and in place of an

infested central vine, infested roots were buried 1, 2, 3, and 4 feet,

respectively, from the outside vines. In this last case the vines were

potted to prevent possibility of underground inoculation. The four

central vines remained infested throughout the summer, but it was

not disclosed that they, or the buried roots, produced any wandering

larvae above the surface. The surface of the soil in the area used

for these experiments was kept well cracked. In no instance did the

20 outside vines become infested.

In 1915, field experiments were conducted in a vineyard whicli

had several large phylloxera " spots " both on light and heavy soils.

The light soil might be described as a silt loam with a clay admix-

ture, and the heavy soil "was black, sticky clay. In spring a number

of sound rooted vinifera vines 1 year old were procured and planted

in 5-gallon kerosene cans from which one side had been cut. Diifer-

ent tyi^es of soil were used in these cans. The vines thus planted

were kept apart until July, when they were carried out to the vine-

yard selected and planted level wdth the soil at varying distances

from vineyard vines from wdiich wandering larvae were known to

be issuing. To insure cracking of the soil, water was applied to

the soil surface and also to the soil between the cans and the near-by

vine. Wandering larvae were observed in this vineyard from the

middle of July to August 20. In September, after the wandering

of the larvae had ceased, the cans were dug up. Table XXXV gives

the results of this experiment.
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T.\BLE XXXV.

—

Field experiments on inoculation of vines by wandering larvw
of the (/rape phylloxera, Walnut Creek, Calif., 1915.

No. of

vine.
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from a single wanderer. Similarly, it is possible that the infesta-

tions on vines 11 and 12 ori<rinated with one individual each.

In all of four inoculated vines the infestations were confined to

the larger roots, and there was no nodositous infestation such as oc-

curred with wanderer inoculations in potted vines at the laboratory.

This is explained by the fact that the soil in the cans did not crack

deeply enough to reach the rootlets (none of which came near the

soil surface) while it cracked badly around the base of the stems of

the vines. It is therefore most probable that the wandering larvae

passed down the vine stem. Cracks of 1 foot or more in depth were

quite abundant in the vineyards in July and August, and it was

possible to find rootlets such as form nodosities when punctured by

phylloxerse at a depth of 6 inches from the soil surface. At that

time of year there is generally in the vineyards a wide crack about

the base of the vines, and it is through these cracks that the great

majority of the wandering larva? ascend to the surface. In the vine-

yard a wanderer could never be kept under observation long enough

to be sure that it entered a crack permanently, therefore, with the

purpose of seeking a root. Wanderers readily enter any crack which

they can not bridge but frequently reappear after a short period

of time. In pots they have been observed to enter whatever cracks

they encountered, subsequently inoculating roots buried below. In

other experiments with pots the wandering larva? have been found

to crawl down the crack between the soil and the inner side of the

pot and inoculate the rootlets growing around the inside of the pots.

Also it has been observed that in the vineyard experiments the inoc-

ulation w^as probably made by the wanderers crawling down the

stem, since no other available cracks were favorable. In the vine-

yard, therefore, it is assumed that the wanderers enter the first crack

they encounter.

In the experiments of 1914 with sticky papers, wandering larvae

were captured at varying distances up to 5 feet from the nearest

infested vine. The four inoculated vines the year following were

2, 1|, 1|, and 5 feet, respectively, from the nearest infested vines.

It should be said that there was a possibility that the infestations

were inoculated by wanderers coming from infested vines at a greater

distance. In the instance of the three inoculated vines planted in

cans around one single vineyard vine it is reasonably certain that

all three became inoculated from the central vine. From this vine

large numbers of wanderers were observed to issue.

No vines were planted more than 54 feet away from a vineyard vine,

the vineyard being planted 8 by 8 feet.

The soils used in the cans were of different types, but no satisfactory

conclusions were drawn from this feature. It was noted that the
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vines planted in lighter soils grew poorly and that the percentage

chat died was greater than in the case of heavy soils.

In 191J:, wanderers Avere taken from jars in the laboratory cellar

and successfully colonized on pieces of roots. It was found that they

developed into the usual type of radicicole phylloxeras. In order to

ascertain definitely the future of wanderers observed in the vine-

yard a thrifty section of sound grape root was transported to the

vineyard on July 17, 1915, and 12 larvae, wandering upon the sur-

face of the soil, were placed thereon. Four of these subsequently

matured as wingless radicicoles between August 23 and 27, and
before the advent of winter a considerable colony was established.

A contemporary experiment of similar nature was carried out with

a like result with larvae taken wandering on the surface of the soil

in pots containing infested vines.

In conjunction with the inoculation experiment in the vineyard

four Zinfandel vines were planted in kerosene cans in the laboratory

yard, and after watering to insure soil cracking they were inocu-

lated artificially by placing the larvae on the soil surface. These

inoculations comprised, respectively, 21, 190, 300, and 625 wanderers

collected during the summer. Two of the cans contained sandy silt

and two heavy black clay. In no case did infestation result.

For another experiment two galvanized-iron cans, 4 by 4 inches,

and 10 inches deep, were used. Sound pieces of vine root were placed

in each, 7 inches below the soil surface, and the cans then filled to the

top, one with sandy silt and the other with heavy black loam, after

which the cans were buried, their tops at a level with the soil surface.

The surfaces were watered to insure cracking of the soil. Between
July 15 and August 4, several hundred wanderers were placed on the

sandy silt, and between July 18 and iVugust 4 several hundred on the

black loam. On August 27 the roots in the cans were examined.

Those buried in the sandy silt Avhich had failed to crack much were

uninfested, while those buried in the heavier soil bore a small infesta-

tion, indicating that one or more wanderers had penetrated to the

roots.

From the results of experiments on natural and artificial inocula-

tions of vine roots by wandering larvae through the soil two facts

stand out: (1) Notwithstanding the large numbers of wanderers

available or utilized, positive results were infrequent. In the years

1913, 1914, and 1915, altogether 14 vessels containing vine roots,

either living or cut into sections, were inoculated by placing wander-

ers on the soil surface, and only two of these gave positive results.

The average number of wanderers used for each vessel was about 150.

In the vineyard experiment in 1915, only 4 of 27 exposed vines be-

came inoculated, yet all these vines were planted near vineyard vines
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from which wanderers were issuinjjj. It is true that the soil surface

inside the cans was a small area—126 square inches—and that the

soil itself w^as not as thorou<;hly cracked as it mio;ht have been; but

in many instances the cans were not more than 1 foot from the

trunks of the infested vines, therefore, from the wanderers when
they issued, whereas in vineyards vines are set 6 or more feet apart.

(2) The presence of cracks in the soil leadino; directly to roots is

necessary to permit the wandering larvae to descend to roots, for the

larva3 can not dig their way through the soil, and during the period

wdien they are issuing, rain, which might provide moisture to draw
them into the soil or wash them onto exposed roots, is lacking.

The writers are of the opinion that wandering larvae are the cause

of considerable local spread of phylloxera, that is, w^ithin the vine-

yard or district; and that they are instrumental in causing the

formation of new phylloxera " spots " or foci. Under favorable

conditions it has been proved that they may live for at least three

days above the surface of the soil, and thus may be transported

from place to place with the possibility of finally becoming located

on a vine root. There is no reason why Avanderers may not live for

as long as two w'eeks on the soil surface without feeding, provided

this surface is not heated by the sun. In one instance, after being

placed on a piece of root, several of them wandered for as many as

live days before settling down to feed. It may be said also that

larvae have been found to live in water as long as nine days without

food, and it may thus be assumed that they might remain as long in

the open air under average conditions of temperature and humidity.

This fact would explain how the insect may be spread from one

locality to another by wandering larvae that lodge in such vine

material as picking boxes (see following under " Casual agencies of

diffusion," p. 115).

There are certain marked instances in California vineyard dis-

tricts where phylloxeration has developed '^ with the prevailing

winds." The only wand-borne forms of the phylloxera in California

are the winged migrants and the wandering larva?. The California

biology indicates that the migrant has no bearing on the preserva-

tion of the species, and therefore such phylloxeration has resulted

from wind-borne wandering larvae.

DIFFUSION BY NEWLY HATCHED RADICICOLES TRAVELING THROUGH THE SOIL.

In 1914, experiments on subterranean diffusion were conducted.

In April three Muscat rooted vines were planted in a 4-foot square box

containing heavy loam cohered wdth a 3-inch layer of fine sand. The
sand was used for the purpose of preventing wandering larvae from

emerging upon the surface and reaching the sound vines. May 20,

1900°—21 8
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one of the vines was artificially inoculated. The second vine was 1

foot distant, and the third 2 feet distant from the first. On October

10, all three vines were dug up, and it was found that the first had a

small infestation all over the root system. The second vine had a

small infestation chiefly on nodosities on roots nearest those of the

first vine. So far as could be observed, the roots of the two vines did

not approach nearer than 2 inches at the closest point, but as some of

the terminal rootlets had died during the summer and autumn it is

quite possible that earlier in the season rootlets of the two vines were

contiguous. The third vine was uninfested. Its roots had been sepa-

rated from those of the first vine by at least 12 inches and from those

of the second vine by at least 5 inches.

This experiment did not appear to show that subterranean infesta-

tion was a common mode of diffusion. The condition of the roots on

the first vine when it was pulled up showed that its summer infesta-

tion had been large and that many wanderers had been produced;

therefore, one would expect that some of these would have found their

way to both of the other two vines. The earth at the time of plant-

ing, however, had been packed very solidly, and the layer of sand pre-

vented cracking so that there were very few, if any, subterranean

passages affording access to the phylloxerse.

The following experiments also were made : On May 22 two young
viniferse (Feher Szagos) were planted in a galvanized tin, 8 by 8 by

10 inches. Two sides of this tin were basally produced in the shape

of a cone (PI. VI, fig. 2, p. 52), and at each apex was a hole of one-

half inch diameter. The cones were then tightly fitted into wooden
tubes, through the centers of which ran a square passageway of one-

half inch diameter, and the junctions cemented. The cones and

wooden tubes were buried 8 inches below the soil surface. At the

farther ends of the two wooden tubes similar galvanized tins Avere

connected, and in each of them was planted a single sound vine

(Feher Szagos). In this experiment the tubes Avere, respectively, 2

and 10 feet in length. The conical projections were expected to draw

the roots toward the hole, therefore toward the tubes. No earth,

except for about 2 inches at the ends, was placed in the passage in the

tubes. Black paper was glued on to the top of the outside of the

wooden tubes so as to prevent entrance of light. Thus the phylloxerse,

if they passed through the hollow inside of the tube, would not be

influenced by any light rays. On September 23 the tins and tube were

pulled up and the vines examined. Both central vines inoculated in

May were well infested. Their rootlets and those of the two end vines

had penetrated not more than 3 inches into the hollow of the tube,

but in all four cases rootlets were abundant inside the conical projec-

tions. The vine at the end of the 2-foot tube was well infested with
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radicicoles in all staj^^es and with a few nymphs, indicating that the

original infestation occurred at least before August 1. The vine at

the end of the 10-foot tube was uninfested and showed no indications

of ever having been inoculated.

On May 22 a similar experiment, with single vines (Carignan),

was started, the length of the wooden tubes being 6 and 14 feet, re-

spectively. On September 30 the vines were examined and the roots

of the central vines were found to be well infested. Rootlets of all

four vines had penetrated not over 3 inches into the hollow interior

of the tubes. The vine 6 feet distant from the infested vines showed
a good infestation, whereas the vine 14 feet away was not infested.

Thus, wandering larvae, in two cases out of four, had found their

way along the whole length of the interior of the tubes and had
inoculated the roots at the farther ends of such tubes. The inocu-

lated vines were those at the ends of the two shorter tubes (2 and 6

feet), and the sound vines those at the ends of the two longer tubes

(10 and 14 feet). Thus it would appear that there is a limit to the

distance over which the phylloxerse will proceed when they have left

a root, intent on finding new food. These experiments with wooden
tubes demonstrated the wandering habits of the young radicicoles,

and it may be readily understood how this subterranean movement
may cause a phylloxera " spot " to enlarge, especially when the soil

is cracked to any depth.

DIFFUSION BY YOUNG GALLICOLES.

In districts where the gall-inhabiting forms (gallicoles) are found,

they may be the cause of diffusion. Either the branches of vines

intertwine and the young gallicoles pass thus from one vine to

another, or the young gallicoles are carried by the wind on to foliage

of other vines or to the ground. Since the gall-inhabiting form is

normally absent in California, this means of diffusion will not be

discussed further.

CASUAL AGENCIES OF DIFFUSION.

CULTIVATING INSTRUMENTS.

During May and June badl}^ phylloxerated vines are accustomed

to put forth an abundance of short fleshy or fibrous rootlets close to

the surface of the soil. Usually these are infested heavily with the

progeny of the overwintered phylloxerse. The vineyards usually are

cultivated and hoed at this time, and these surface rootlets are fre-

quently broken off and carried along by the cultivator and hoe.

This possible means for spreading the insect having been considered,

a series of experiments was initiated as follows: On May 30, in the

vineyard, pieces of infested fleshy surface rootlets were secured,

placed in earth, and the whole transported to the laboratory. Four
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lumps of earth and roots were partially buried in the soil of a pot

containing a youno; sound vine (Pierce Isabella). The earth and

roots exposed to the sun quickly dried up and no infestation to the

vine resulted. It may be stated that the diameters of the lumps

varied from one-half to 2 inches. On June 4 the experiment was re-

peated, but the infested fibrous rootlets were wrapped loosely in four

lumps of earth Avith diameters 1| to 2 inches, and half buried in the

soil of a pot having a sound vine (Cornichon) growing in it. The
rootlets kept in good condition and the phylloxeree lived four days

(one of which was cloudy and rainy). On September 3 it was found

that the vine showed a rather scanty infestation. On July 16 many
strongly infested fleshy rootlets found in the vineyard, from 4 to 8

inches below the soil surface, were inclosed in a large piece of earth,

half buried in the soil of a pot in which grew a sound vine (Carignan)

.

On September 3 the vine was found to be strongly infested, especially

on its upper rootlets near the inner periphery of the pot. On July 17

the experiment of the day previous was repeated in its entirety, with

a Pierce Isabella vine, and on September 3 this vine was found to be

severely infested, bearing many nodosities both on the upper and

lower rootlets. Thus in three out of four attempts success was ob-

tained in securing an infestation upon sound vines by placing pieces

of infested rootlets in lumps of soil half buried in the earth of the

pots in which those vines were growing. In practice it would very

frequently happen that such rootlets severed by a cultural instru-

ment would be buried several inches deep after being dragged along

by the instrument. It is easy to understand how the insect might

be diffused in this manner.

VINE SUPPORTS AND PICKING BOXES.

Vine supports or stakes (universally used), by reason of the fact

that they enter the soil contiguous to the main stem of the vine,

are very likely to bear phylloxersR upon them. Since the newly

hatched larvae can live for at least three days, and probably many
more, out of the soil and when not exposed to the sun's rays, it is

apparent that infested stakes could be transferred to a considerable

distance and when set out in a vineyard upon their arrival could be

the origin of phylloxera infestation.

Many growers have declared that in their vineyards the phyl-

loxerse first showed evidence of their presence at a point or points

where picking boxes coming from infested vineyards had been piled.

If picking boxes w^ere scattered in an infested vineyard during the

time of the aerial wanderer migration, one can readily see that the

opportunity would be afforded for the phylloxerse to climb upon

them, later to be transported to other vineyards, since it is a common
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])ractice to use the same boxes many times in the pickin<i: season,

and the same boxes may be used in more than one vineyard or dis-

trict. In California, wine t^rapes are rarely picked before the middle

of September, and raisin grapes are picked toward the end of Au<^ust.

In the experimental Avine-<^rape vineyard, wanderin<j larvae were not

found issuinf^ after Au<»;ust 25, but in young vines in pots they were

collected well into September. The fact that the wanderers were

not found issuing in the wine grape vineyard at the time when picking

boxes were distributed to a certain extent invalidates the theory of

spread by these boxes. It is within the realm of possibility, however,

that the latest issuing wanderers remained active and alive until the

boxes were distributed some two weeks later. Observations on wan-

derers issuing from potted vines lead to the conclusion that the natural

period of wanderer issuance may be considerably lengthened beyond

that which was found to obtain in the experimental vineyard during

the years 1914 and 1915. This longer period would include the time

of picking wine as well as raisin grapes.

PLANTS BETWEEN THE VINES.

Walnut trees planted in vineyards indicate the possibility of

diffusion through the agency of plants. The long roots of the

walnut offer facilities for phylloxerse to spread whenever vine

roots come in contact with them or are very close to them. That
phylloxerse have been found moving on these roots would indicate

that the latter often provide an underground channel of diffusion.

MAN AND DOMESTIC ANIMALS.

The possibility of the portage of phylloxerse by man and do-

mestic animals should not be overlooked. The winged forms and

aerial wanderers may be blown on clothes or animals, and thereby

spread, or they may be picked up with wet earth. This latter chance

is greatly lessened under California conditions, because during the

months in which wanderers and winged migrants are produced,

the surface soil is dry, and the winged migrant is not a factor in

diffusion.

Recognizing the possibility of the spread of phylloxerse through the

agency of flowing water, the writers conducted the following experi-

ments in 1914: From May 5, 11 a. m., to May 6, 11 a. m., a piece of

severed root, infested by six adult overwintered phylloxerse and about

100 eggs and larvee, was subjected to a stream of water for the most

part playing directly upon the insects and flowing 6 feet to an unin-

fested vine ( Catawba ) so as to effect contact with some of its roots and
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also to stand on the surface of the soil about its stem. Examination

of the piece of severed root after the experiment was concluded

showed that about 40 eggs and young had been washed off. Five of

the adults suffered no injury from exposure nor did most of the

remaining young and eggs. On July 12 the Catawba vine was found

to bear a strong nodositous infestation. On June 6, for eight hours,

two pieces of severed roots bearing a total of about 200 phylloxeras

were subjected to a similar stream of water which subsequently flowed

6 feet to a sound Mission vine. On the severed roots the majority

of aphids were not washed off. In this instance the roots of the living

vine were not bared, and there were no cracks on the surface of the

soil around it. On July 27 this vine was examined and found to be

uninfested. The third experiment took place July 29. For eight

hours two pieces of severed roots bearing a total of about 250 phyl-

loxerse were subjected to a stream of water which subsequently flowed

10 feet to a sound Feher Szagos vine growing in a pot. The surface

soil in this pot had been previously watered, and thus was cracked.

After the experiment was concluded, it was found that very few of the

phylloxerse had been carried off the severed roots. September 16 the

vine was examined, but it proved to be quite uninfested. In each of

these three experiments a fine stream of water was used and the angle

of declivity was slight. In the first experiment only, wherein the

roots of the living vine were actually exposed to the stream of water,

did an inoculation through water agency occur. It is evident, how-

ever, that diffusion may occur by means of water-borne phylloxerge.

In the California vineyards such a condition could arise normally

only between November and May, for in the other months it is very

rare to have rain in any abundance. In April and May, however,

when the phylloxerae are active, heavy rains occasionally occur, and

sometimes on the hillside vineyards deep waterways are formed,

exposing the roots of vines to a depth of more than a foot.

In this connection some laboratory experiments were made upon

the resistance of eggs and larvae to water exposure. For this pur-

pose small-sized glass vials and distilled water at about 64° F. were

used. In one instance, in a corked vial, 9 out of 12 eggs hatched

from 2 to 10 days after they were placed in the water. All those

that hatched remained on the surface, while those that failed to

hatch went to the bottom of the vial. In another instance eight

recently deposited eggs were placed on the surface of the water in

an uncorked vial. Six days later all had sunk to the bottom, but

subsequently hatched. In a third experiment 11 well-advanced eggs

were placed on the surface of the water in an uncorked vial. After

11 days all the eggs had hatched, six having remained on the surface

and five having sunk to the bottom. In all three experiments the

hatched larvae failed to fasten to pieces of roots provided for them.



THE GRAPE PHYI.T.OXERA TN" CALTEORNTA. 119

In a fourth experiment 26 e^gs were placed in water in a stender

dish. Two days hiter all but four eggs had sunk, but subsecjuently

all eggs hatched and none of the resultant larvae settled on the roots

provided for them.

Table XXXVI indicates the results of experiments bearing on the

behavior of newly hatched larvae in water.

Table XXXVI.

—

Behavior in water of newlv hatched larvce of the grape
phylloxera, Walnut Creek, Calif.

Date
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swimming around in circles, but those at the bottom remained almost

motionless unless disturbed.

To sum up, it appears: (1) That eggs of radicicoles hatch readily

in water, floating and sunken; (2) that the newly hatched larvae

may live for more than a week submerged, or on the surface film;

(3) that these larvae are capable, at least after four days of exposure

to water, of fixing upon roots and developing in a normal manner.

Further proof of the ability of young phylloxeras to live submerged

occurred in an observation made from September to November,

1914. A Eiparia cutting had been placed in a glass vial in the

laboratory. Immediately a callus formed, and many rootlets grew
around the inside of the vial. On September 15, 20 eggs of radici-

coles were floated on the water surface. None of the resultant larvae

persisting, more eggs were floated October 10. October 12 the water

had evaporated, and four days later two young larvae had settled.

These had hatched after the water evaporated. About 1 inch of

water was then poured into the vial to cover completely all the root-

lets and the two phylloxerae. October 22, three larvae were observed

under water, one of which had been fixed since October 16. October

27, there were visible under water, besides the original larvae of

the IGth, six additional larvae, five of which were settled. October

30 all seven observed on October 27 had settled and an eighth was
visible moving over the rootlets. A small tuberosity had been set

up by one of the phylloxerae. All the unhatched eggs had died. It

was noted that when the insects were exposed to sunlight they moved
their appendages actively. November 2, three settled larvae were

visible. These included the individual on the tuberosity and the

one which had settled October 16. All others were dead. November
10 the only survivors were the original settler and the individual

on the tuberosity. Shortly after November 20 all disappeared.

Thus one individual, destined apparently to hibernate, persisted more
than a month fixed on a root under water, and several others lived

under water from 3 to 14 days.

There also exists the possibility of infestation by seepage. On
vineyards of porous soils young larvae on the surface may be drawn
into the soil in time of a storm or irrigation. Also on steep hillside

vineyards in the springtime, when heavy rains may fall or Avhen a

rise and fall in the " water table " may occur, a seepage infestation

may take place. Any artificial irrigation during the months June

to October invites the spread of phylloxerae because in this period

phylloxerae occur above the surface of the soil or are active on surface

rootlets.

CUTTINGS AND ROOTED VINES.

In European countries where a small percentage of the winter

eggs are deposited under the bark of yearling wood there is a slight
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danger of phylloxera infestation followino; the plantin<ji: of a cuttiiiL''

from such wood. This danger does not exist in California, provided

the cuttings are not " heeled in " before transi)ortation, because the

winter egg does not persist successfully. If the cuttings are " heeled

in " before transportation in an infested district, the ]iossibility of

their becoming phylloxerated exists. Similarly, the possible danger

from gallicoles remaining upon the foliage of canes late into au-

tumn is nullified, because the gall-inhabiting forms do not normally

occur in California.

The greatest danger of phylloxeration resides in the planting out

of infested rooted vines. This is a very abundant means of distrib-

uting phylloxera. Even if only one or two out of a thousand vines

are infested at planting, a " spot " or " spots " will form within a

few years, and the whole acreage eventually will become infested.

While the vines remain small, diffusion is slow because the roots of

one vine are separated from those of its neighbors, and imderground

diffusion thus is rare if not impossible. Also, the relatively small

number of roots, coupled with the relatively small number of phyl-

loxeras able to flourish thereon, prevents many opportunities for

aerial diffusion by wanderers. If the majority of the vines planted

out contain phylloxerae, however, the vineyard's complete phyllox-

eration is not long removed. In a phylloxerated district the employ-

ment of resistant roots obviates the necessity of treating the vines

before planting out in the vineyard, yet danger exists in cases where

grafted vines are planted too deeply and the stouter vinifera scion

is enabled to send out its own roots, in many instances crowding out

the roots of the resistant stock. The scion's roots, being nonresist-

ant, decay when phylloxerated just as though no resistant stock had

been employed, and the expense and trouble of the grafting process

are wasted. Even though phylloxeree live on resistant stock roots

in grafted vineyards without necessarily injuring the crop or vines,

there still remains the possibility that infestation will arise from
these grafted vines and that nongrafted vineyards near by will be-

come inoculated. Such a possibility is accentuated the greater the

proximity of two such vine areas, and especially if the nonresistant

area is to leeward of the grafted area or if water flows from the

grafted to the nonresistant vineyard. It is advisable, therefore, to

disinfect even resistant roots when these are to be planted in a region

free from phylloxera.

PHYLLOXERATED LAND.

Experiments wnth potted vines have given proof that phylloxerae

may live at least 10 months on buried severed pieces of roots, and
also that such pieces may remain sound for 18 months and at the

termination afford acceptable food for the insect. It is evident, there-
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fore, that the planting of vines on land from which phylloxerated

vines have recently been pulled up is a dangerous procedure. It is

next to impossible to pull up grapevines without leaving pieces of

roots in the ground. In the case of vine nurseries, this danger is very

apparent.

OLD STUMPS.

Since the phylloxerse may live under the bark of vine stumps to

several inches above the soil surface, it is apparent that these infested

stumps might possibly be a means of diffusion if sound vines should

be placed near them. Such stumps, however, soon decay after they

have been pulled from the ground and severed from their roots. In

the active season, however, any insects dwelling upon them would

hasten to leave and seek other food, so that in this season it is quite

possible for diffusion to occur from the stumps. In the winter the

phylloxerse would all be hibernants, and these would die as the stump
decayed.

SUMMARY.

The grape phylloxera was introduced into California about the

year 1858, having been brought on vines imported by settlers from
the East. It thus appears that the pest arrived on the Pacific coast

at least as early as it reached France, where the first evidence of its

activity was vaguely noted in 1862.

For many years j^revious to this introduction the Spanish settlers

and Missions had cultivated on a moderate scale the Mission grape,

and this, though a very susceptible variety, as was afterwards

proved, had flourished without disease. About the time of the advent

of the phylloxera grape culture was receiving a great impetus, and

many European varieties were being introduced which shortly showed

signs of disease in localities in which the eastern vines had been

planted.

The phylloxera has since spread throughout most of the grape

districts of California wherever conditions have been suited to it,

but never has the pest assumed such disastrous proportions as it did

during the first years of its ravages in France. It is possible that

the insect has never reached such isolated vine districts as those of the

southern California counties, but in many of such isolated localities

the conditions are unsuited to the insect, and thus we can not be

certain that it did not reach these places and fail to establish itself.

Coming upon the scene at the infancy of the commercial grape

industry, the phylloxera has been present throughout the growth
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of that industry and, it is estimated, has in the course of some GO

years destroyed ahont 75,()()() acres of fijra})es.

In many instances the insect has been (hstributed throuf;h the

agency of infested rooted vines imported into an uninfested district

or vineyard. In other cases the insect has been carried on vineyard

materiaL In no instance has the distribution been as rapid as that

which took place in the vineyard districts of France. The modi-

fied life cycle in California, i. e., sterility of the wingeil form,

coupled with topographic barriers, consisting of mountain chains and

dividing valleys, is in very great part responsible for this.

VINEYARD DESTRUCTION.

There is great variation in the rapidity of the destruction of vines

and vineyards by phylloxera.

Apart from some variation in the different grape varieties, soil

conditions must be considered as of great importance. In poorly

drained soils the vines succumb much more rapidly than in well-

drained land. Accumulation of moisture in the subsoil materially

assists in the decomposition of infested roots, whereas if the subsoil

is well drained, vines may flourish notwithstanding infestations ex-

tending over many years. Vines attacked when young and before

their root systems have become established will succumb more rapidly

than will those infested at a greater age.

The first indication of phylloxera in a vineyard occurs in the form
of one or more stunted vines and a premature yellowing of the

foliage. In time, adjacent vines will show similar indications, and
those first infested are more noticeably stunted. Gradually more and
more of the surrounding vines are affected, and those in the center

become very much weakened or die outright. Thus are formed the

so-called " oil spots " or foci for the distribution of the disease, which
may be likened to the ever-increasing concentric circles of waves that

are formed when a stone is cast into placid water.

Following the initial infestation of a vine under favorable condi-

tions for phylloxera, the insects multiply rapidly, and within two
or three years increase their range to involve the entire root system.

Those which settle on the growing rootlets form fleshy lesions or

swellings, which are termed nodosities. These swellings are gener-

ally somewhat curved, the insect inhabiting a depression of the inner

arc. In the great majority of instances the insect stops further apical

growth of the rootlet, and thus the rootlet ceases to supply nourish-

ment to the vine. Although the percentage of rootlets thus infested

is often large, a vine of vigor can easily send out more and continue

to draw its nourishment from the soil. Other phylloxerse settle on

the older roots and in most cases cause swellings termed tuberosities,
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which vary in size, but the majority are about one-fifth of an inch

in diameter. They are frequently very abundant, and two or more

may coalesce. The bark of the root often cracks longitudinally, and

a chain of swellings arises from phylloxera punctures. As long as

these swellings remain fresh, the health of the vine is not much im-

paired, but as soon as they decay the vine is injured, and when they

decay in numbers the roots are fre<|uently destroyed, causing first the

stunting and subsequently the death of the vine.

The grape phylloxera was named in 1855 by Fitch in America

from the gall-inhabiting form, and in 1868 by Planchon in Europe

from the root-inhabiting type. In 1870 Riley and Lichtenstein

proved that the two forms were two separate phases of a single

species; consequently, Fitch's specific name mtifoUae must be con-

ceded priority.

In its native region, eastern North America, the insect has a very

complicated life cycle^ which includes an aerial gall-inhabiting

form. In California the gall form has been observed only once and

that in the year 1884.

The California life cycle (fig. 10), as indicated by research, is

much more simple than that which obtains in the East, and as far

as the economy of the insect is concerned, is purely parthenogenetic.

Winter is passed in the form of the hibernant larva. Virtually

all hibernants are newly hatched larvae which settle down to hiber-

nate immediately after hatching from the egg in the autumn, but

a few hibernate in an older stage. Coincident with the first flow

of sap in spring, these hibernants commence to feed, and mature on

the average five and a half weeks later. The hibernant larva is light

brown in color, and is about one-third millimeter long and half as

wide. The mature hibernant is about 0.75 mm. long and 0.40 mm.
wide, and does not differ from the adult radicicole of any other

generation. On the average, it takes the hibernant six months to

mature, the period ranging from four and a half to seven and a

half months. The mature hibernant gives rise to a number of genera-

tions—as many as eight—of root-feeding phylloxerse throughout the

summer and autumn. Although somewhat arbitrary, April 15 to

October 15 best indicates the period of the active half-year of the

insect, the period October 15 to April 15 being the dormant or

hibernating season.

All forms of the phylloxera are oviparous. The average number
of eggs per adult radicicole is about 110 and the average egg-laying

period about 45 days. Incul)ation varies with temperature and lasts

from 5 days in midsummer to over 30 days in December. The eggs
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are lemon yellow and oval. TTpoii liatchiii^ fi-om the egjj:, the brifjht-

yellow larva seeks food. Larvae hatchiii<»: in sprinjj; mostly settle near

the eggshells, but in summer and autumn a considerable percentage

travel along the roots or forsake the vine altogether, either following

cracks in the soil to reach neighboring vines or ascending to the sur-

face of the soil and traversing the ground in their endeavors to reach

other vines. To those that voluntarily forsake the vine has been

given the term " wanderers." The larva? molt four times, and on the

Fig. 10.—Diagram to illustrate annual life history : innermost shaded crescent, active

period of wandering radicicole larva- ; middle shaded crescent, period of development
of the sexuparous migrant ; shaded portion of outer circle, hibernation period of

radicicole larva; ; unshaded portion of outer circle, period of active life on the roots.

completion of the final molt become mature insects. At first oval,

they tend to become pyriform as they grow. The color, yellow,

yellowish-green, or yellowdsh-brown, is dependent on the nature of

the food. The length of the developmental period varies according

to food and meteorological conditions. On succulent living roots

the average period of larval development was found to be about 22

days (hibernant generation excluded), and the maximum and mini-

mum respectively 36 and 10 days.
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The winged form is produced from the middle of June until No-

vember. It is more abundant in the coastal districts than in the in-

terior valleys. In their first two instars the larvsB of the winged

form do not differ from the corresponding stages of the wingless

form, but in the third and fourth stages they differ structurally, and

in these stages are termed, respectively, prenymph and nymph. Both
these forms are elongate in shape and are light greenish-yellow or

yellowish-brown. The nymphs have two pairs of grayish-black wing
pads. The winged insect is orange in color with grayish-black head
and thorax and two pairs of scantily veined wings.

The nymphs transform in most instances near the surface of the

soil and the winged migrants issue on the surface and fly about in

the vineyard and neighboring regions.

The winged insects deposit eggs of two kinds, viz, male and

female, and the insects which mature from these eggs are the true

sexes. These forms are unable to take food, and under normal con-

ditions mate upon reaching maturity and the female forthwith de-

posits a single ef!;g under the bark of the vine. This egg hatches in

spring and gives rise to a series of generations of gall-inhabiting and

gall-making wingless aphids. A certain percentage of larvae born in

the galls, however, migrate to the roots before taking food, and in

this way the species returns to the soil.

In California, under natural conditions, it is doubtful whether

any sexes mature and still more doubtful whether any winter eggs

hatch. Laboratory experiments indicate that the sexes mature in

about 12 days.

In the late autumn, along with the nymphs are found curious

forms intermediate in appearance between adult radicicoles and

nymphs; These are called intermediates or nymphicals. They are

not abundant and all those whose progeny have been observed were

parthenogenetic.

The diffusion of the phylloxera is effected in nature by the wan-

dering newly hatched larvse of the radicicoles during summer and

autumn. These pass from vine to vine, either on the surface of the

soil or through subterranean cracks or pathways. They may also be

borne b}' the wind or on vineyard material, such as picking boxes.

Probably water is responsible for some diffusion in hilly or irrigated

vineyards, and cultivating instruments by picking up pieces of in-

fested roots may effect fresh infestations. The phylloxera is easily

introduced into a vineyard or section by the practice of planting

infested rooted vines to make up for cuttings which did not succeed

in previous years.
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INTRODUCTION.

The important factors long known to modify damage to the fruit

and foHage of citrus trees under orchard conditions of fumigation

with hydrocyanic acid include temperature, moisture, light, and

physiological condition of the plant. Of these, light appears to

have more completely influenced the application of this gas than any
other factor and early confined fumigation to a night practice.

Coquillett (3),^ the originator of orchard fumigation with hydro-

cyanic acid, found early in his studies that citrus trees were less

liable to injury by this gas when treated at night than in daytime,

and explained that this result was due to decomposition of the gas

by light and heat into other gases more injurious to the plants.

Gossard (7), working with citrus trees in Florida, stated that "mid-

day fumigation can hardly be practiced." More recently Fernald,

Tower, and Hooker (5), experimenting with cucumbers and tomatoes

under glass, concluded that for such tender plants day fumigation,

even in cloudy weather, is unsafe.

Literature treating of the causes of fumigation injury is confined

almost exclusively to the consideration of conditions, physiological

Resigned September 11, 1920.
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as well as environmental, which prevail during the actual ex-

posure of plants to the gas. The prefumigation and postfumiga-

tion environments have been given scant attention. The writer

early in his fumigation studies observed types of injury not fully

explainable by influences during the gas exposure, and subsequently

it developed that certain factors must be considered, not only during

but also before and after the gas treatment. Accordingly, a series

of experiments was performed to determine the prefumigation and

postfumigation influence, if any, of the two very important factors,

heat and light. This paper presents the results of these experiments,

and furthermore interprets the results in the light of field experience.

In the discussion it has been found necessary to touch on other

factors which also bear on the subject of fumigation injury.

THE EFFECT OF HYDROCYANIC ACID ON PLANTS.

The modification of plant injury by most external factors can be

ascertained with sufficient accuracy and comprehensiveness to guide

field work without attempting to determine the actual physiological

action which occurs witliin the plant tissues when these are exposed

to varying concentrations of hydrocyanic acid. Studies of the effect

of tliis gas on plant metabolism have been made, however, and some
very important papers have appeared setting forth the results of

careful research on this subject. One of the earliest comprehensive

papers confined to this subject was issued by Schroeder {17), in

which he concluded, as the result of a long series of determinations on

the effect of potassium cyanid on the fungus Aspergillus niger, that

injury arises through paralysis of respiration, but that the reduced

respiration is followed by complete recovery when the poison period

does not last too long. Moore and Willaman (12), working with

greenhouse plants, siriiilarly conclude that the absorption of more or

less hydrocyanic acid by plants results in a reduction of respiratory

activity, and show that tliis inhibitory effect on respiration is due
primarily to disturbance of the respiratory enzymes, oxidases, and
catalase. Various other physiological effects resulting are the inhi-

bition of photosynthesis and translocation of carbohydrates; also an
increase in the permeability of the leaf septa.

Since the passage of gases takes place between the open air and the

intercellular spaces of leaves thi'ough the stomata, it has been

believed by most investigators of fumigation that hydrocyanic acid

gains entrance into the tissues of fumigated plants through these

openings. Researches by Moore (11) led to the conclusion that during

fumigation hydrocyanic acid not only does enter plants through the

stomata, if they are open, but also through the cuticle, depending
upon its thickness and degree of cutinization. In a recent paper

Clayton (1 ) emphasizes that the stomata seem to be the most impor-

tant single factor in determining the amount of injury resulting from
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hydrocyanic acid fumigation, although Stone (18) concluded from Ms
investigations that susceptibility to injury is due more to the condi-

tion of the tissue, whether thin and tender or resistant, than to the

open or closed condition of the stomata.

It has not been uncommon in California to hear practical fumi-

gators state that plant injury during fumigation is due to impurities

in the cyanid or sulphuric acid. One writer (23) has attributed

injury to sulphuric-acid fumes given off during the gas generation

and has discussed in great detail how such action is brought about.

The work of Schroeder, Moore, and others disproves any conclusion

that does not mention the cyanid gas itself as the cause of plant

injury, and experiments by the writer (19) furnish further data in

disproving these theories with reference to sulphuric acid. Further-

more, the recent wide use of high-purity liquid hydrocyanic acid, a

material free of sulphuric acid, has been attended by the customary

fruit and foliage injury.

DETAILS OF EXPERIMENTS.

Boxed seedling orange trees, pruned to several branches and from

1 to 2 feet in height, were grown beneath a canvas shelter which

afforded protection from the midday sun. The foliage was dense

and for the most part consisted of heavily cutinized leaves, except

for the tender growth toward the top.

The gas-tight fumigatorium (PI. I, A) in which the experiments

Were performed contained 100 cubic feet of space and was equipped

with two large glass windows, wliich permitted the regulation of light

conditions. Treatment in the shade signifies that both windows were

fully exposed to diffused light. The temperature of the fumigato-

rium for any one experiment was uniform during the exposure, unless

otherwise noted. All records were made in the Fahrenheit scale.

Only high-grade commercial cyanids of 96 to 99 per cent purity were

used. Potassium cyanid was used according to the 1-1-3 formula,

or sodium cyanid according to the l-H-2 formula (19). The foliage

in all cases was dry, unless otherwise noted. Check plants were used

in all experiments and failure to refer to them signifies that the checks

were in no way injured. The dosages in these experiments approxi-

mate those employed in orchard treatment in California. All plants

in any one experiment were fumigated at the same time. Immedi-

ately after treatment they were removed from the fumigatorium and

placed in different environments of temperature and light. Final

notes on results were taken five to seven days after treatment. Shade

signifies protection from the sun by a canvas shelter or a wooden
building. Darkness means total exclusion of light. Moisture does

not include atmospheric humidity. Injury as included in tliis paper

should be interpreted as meaning damage to or death of tissues, so
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that the effect is observable to the naked eye. Burned signifies

severe injury amounting to the partial or total discoloration of

numerous leaves, as by heat. Singed indicates slight burning, espe-

cially at the tips or edges of leaves.

Varying degrees of damage to the plants were indicated as follows

in all experiments:

—Plants entirely unaffected externally.

1—Some of the tenderest undeveloped leaves or tips of tender

shoots at least slightly injured.

2—^Tenderest tips with undeveloped leaves severely injured; fully

grown tender leaves sometimes slightly affected; mature

leaves uninjured.

3—Tender growth, including fully developed new leaves, destroyed;

old leaves slightly affected.

4—Mature leaves in large numbers severely burned.

5—One-half to entire plant severely burned.

THE EFFECT ON PLANT INJURY OF TEMPERATURE, LIGHT, AND MOIS-
TURE BEFORE FUMIGATION.

The fumigation of growmg plants is usually conducted without

regard to their environment prior to the gas exposure, barring the

factor moisture relative to which a divergence of opinion exists. The

experimental evidence presented in this paper bearing on prefumiga-

tion conditions draws attention not only to the influence of moisture

but also to that of temperature and light. Data on the influence of

these factors are brought out in experiments 1 to 9, inclusive, as well

as in 11, 12, 14, 15, and 18, these latter experiments being discussed

under the subject of postfumigation influences. Certain of these

experiments, namely, 1, 2, 12, 14, 15, and 18, are of special value

by reason of the number of postfumigation environments also in-

cluded in each experiment.

EXPERIMENT 1.

Condition during fumigation, shade, 58°-60° F.

Dosage, IJ ounces KCN.
Date, March 18, 1915, 8.45-9.45 a. m.

Plants in each test, 2; total, 30.

Remarks: Plants somewhat hardened.

Besults.

Condition after fumigation.



Dept. of Agriculture Plate I.

Fumigation of Citrus Plants With Hydrocyanic Acid.

A, Fiunigatorimn used in experimental work, showing interior arrangement.
B, Orchard citrus tree fumigated in the da>*time and immediately afterward
exposed to a hot sunshine; foliage completely destroyed. Other trees in the
same grove, fumigated at an equal temperature but free from sunshine influence,

were uninjured.





Condition during fumigation, shade, 67

Dosage, 1-^ ounces KCN.
Date, March 15, 1915, 9.30-10.30 a. m.

Plants in each test, 2; total, 18.

Remarks: Plants somewhat hardened.

FUMIGATION OF CITRUS PLANTS.

EXPERIMENT 2.

F.

Results.

Condition after fumigation.
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EXPERIMENT 5.

Condition during fumigation, dark, 64°-66° F.

Condition after fumigation, dark, 60° F.

Dosage, IJ ounces KCN.
Date, May 17, 1916, 6.07-6.57 a. m.

Plants in each test, 7; total, 14.

Results.

Condition before fumigation.
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EXPERIMENT 8.

Condition during fumigation, dark, 62° F.

Condition after fumigation, shade, 67° F.

Dosage, IJ ounces KCN.
Date, May 17, 1916, 9.50-10.40 a. m.

Plants in each test, 5; total, 15.

Besults

Condition before fumigation.
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TEMPERATURE.

The relation of temperature before fumigation to plant injury is

brought out in experiments 2, 3, 5, 14, 15, and 18. In experiment 3

it is seen that plants at a shade temperature of 90° F. before fumiga-

tion were no more severely injiu-ed than othere at a temperature of

56° F, Practically identical results occurred in experiment 5, where

the prefumigation conditions were darkness at temperatures of 64°-

66° F. and 90°-102° F., and in both cases merely the tenderest growth

was slightly injured. Experiments 3 and 5 were performed at cool

temperatures, and the posl^fumigation environment was cool. On
the other hand, experiment 15, which was conducted at the high tem-

peratures of 86°-91° F., developed no difference in injury between

plants at prefumigation temperatures of 62° and 90° F.

In experiments 14 and 18 most of the plants showed no apparent

difference in injury attributable to temperatm-e before exposure. . A
few plants, however, did show slightly greater injury than others

under similar postfumigation conditions and in these cases all the

more severely injiu-ed plants were under the highest prefumigation

temperatures (80° and 76° F., respectively). These two experiments

were performed at comparatively high temperatures (85° to 92° F.).

It would appear from these experiments, therefore, that where

plants are in shade or darkness the temperatm-e immediately previous

to fumigation has little influence on the resultant plant injury.

Sometimes, however, a difference in plant injury apparently due to

heat influences develops, and in such cases the greatest injury appears

on those plants subject to the highest prefumigation temperatures.

In the experiments in this paper the prefumigation temperatures

ranged between 56° and 102° F. Within these limits there was little

or no difference in injiu-y where the fumigation and postfumigation

temperatures were both below 70° F. However, slightly more

increased injm-y did occur at the prefumigation temperatures of 76°

and 80° F. than at 56° F. in two experiments in wliich the actual

fumigation temperature was about 85° F. This would indicate the

advisability of keeping plants at a cool temperatm-e prior to fumiga-

tion in case the fumigation and postfumigation environments are

hot. If the fumigation and postfumigation temperatm-es are cool

a comparatively high prefumigation temperature appears to have

little more effect on the results than a cool temperature.

SUNSHEVE.

The influence of sunshine on plants before fumigation is shown by

the results of experiments 1 to 4, 12, 14, 15, and 18. In experiment

1 this influence previous to the gas treatment contrasts sharply with

that of diffused light or darkness. Sun and shade exposed plants

under cool temperature conditions were fumigated at the same time

and on removal from the fumigatorium were placed under five dif-
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ferent conditions. In each of the five con(Htions the prefumigation

sun-exposed plants developed decidedly greater injury than those

that were in shade before treatment. The results of experiment

18, in which plants were exposed to a hot sunshine (83° F.) imme-

diately before fumigation and fumigated at a high temperature,

show all sun-exposed plants killed regardless of the postfumigation

conditions; yet others in the shade at approximately the same pre-

fumigation temperature (76° F.) and placed at a temperature of

56° F. after the treatment had only the very tenderest foliage singed.

The effect of prefumigation sunshine is not so conclusively brought

out in the other experiments, but, with the exception of No. 3, it

appears to have intensified the injury in at least a few of the trees

treated. Experiment 3 alone shows no difference between plants

in the shade and those in the sunshine previous to fumigation. It is

noted in this casethat the sunshine temperature was 60° F. and the

fumigation and postfumigation conditions were equally cool, aU

three being ideal for exposui*e to cyanid gas.

A comparative study of the temperature before and after treatment

shows that the effect of prefumigation sunshine is modified by the

degree of heat present at these different times. For instance, in

experiment 3 where the sunshine appeared not to affect the degree

of injiu-y more than the shade, aU fumigation conditions, the pre-

fumigation, postfumigation, and actual fumigation, approximated

60° F, On the other hand, experiment 2, which was performed

with the same type of plants, the same dosage, and at approximately

the same temperature, exhibited a decided difference in injury between

the prefumigation shade and sunshine-exposed plants, the injm-y

in the latter being greater than for experiment 3. It is noted that

the sun temperature in experiment 2 was 75° F., whereas in experi-

ment 3 ibjwas 60° F., which shows that the degree of injury attribut-

able to sunshine increased with the increased temperature. Thus a

hot sunshine before fumigation is more to be avoided than a cool

sunshine.

In conclusion it can be stated that the experimental evidence in

this paper appears to show that sunshine coming in contact with

citrus plants before fumigation tends to produce greater injury than

where plants are in the shade or darkness; that sunshine accom-

panied by a high temperature is more injurious than if accompanied

by a low temperature; that the degree of injury is modified by the

postfumigation conditions, greater injury developing at high tem-

peratures than at low temperatures; that the most critical environ-

ment is to subject plants exposed to a hot sunshine before fumiga-

tion to a hot sunshine after fumigation; finally, that a high tempera-

tui-e during fumigation probably increases the injury of prefumiga-

tion sunshine-exposed plants over that taking place at a low tem-

perature.

4533°—Bull. 907—20 2
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The effect of moisture on fumigated citrus trees is shown in experi-

ments 4, 6 to 9, and 11, in which varied prefumigation conditions

occur. In Nos. 4, 8, 9, and 11a number of plants in the shade at

temperatures between 60° and 68° F. were drenched with water

before they were placed in the fumigatorium with others having

perfectly dry foliage, and were then immediately subjected to

hydrocyanic-acid gas. Thirty-seven plants in all were used in these

four experiments and in no case was there any apparent difference

in injury between the wet and the dry plants, even though a num-

ber of the trees had some very tender foliage.

In experiments 4, 6, and 7 plants were exposed to prefumigation

sunshine at temperatures ranging from 67° to 80° F. Immediately

before fumigation a part was drenched with water and afterwards

fumigated with others having perfectly dry foliage. Experiment 6

exhibits the same degree of injury for the wet plants as for the dry,

a condition which holds true whether the water used in the treatment

was 58° or 86° F. In experiment 4 the dry plants were slightly

more severely injured than the wet, quite the contrary to what

would be expected, and in fact to what is shown by Moore {11) to

take place in the case of tender greenhouse plants. In experiment 7

the dry plants were likewise more severely injured than those treated

with cool water, although where wet with warm water the injury

was equal. While these two experiments are insufficient in them-

selves to prove definitely that plants subjected to a hot sunshine

before fumigation are more severely injured when dry than when wet

it at least indicates that the wetting of such plants can, in some cases

at least, reduce tlie degree of injury to an extent. In this connection

it should be noted that the reduction of injury to the wet plants

occurred where the water used was at a temperature considerably

lower than that of the sunshine. Water at a temperature equal to

or higher than the sun temperature did not appear to influence the

degree of injury over that normal to dry plants.

In conclusion it may be stated that water on citrus plants appears

in no way to affect the degree of injury, if the plants are subjected

to shade or darkness before treatment; if, however, plants are in the

direct sunshine before treatment, water appears to reduce the injury

slightly, at least in some cases where the temperature of the water

is below that of the sunshine.

THE EFFECT ON PLANT INJURY OF TEMPERATURE, LIGHT, AND MOIS-
TURE AFTER FUMIGATION.

Fumigation with hydrocyanic acid is usually considered completed

with the separation of the treated plants from exposure to the gas.

Little or no attention has been given to the postfumigation environ-
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ment. That this environment may modify the degree of })lant injury

is shown in the following experiments, which indicate the influence

of different light intensities and of different temperatures on citrus

plants immediately after fumigation with hydroc3'anic acid. These

experiments were performed, some in darkness and some in the shade,

at temperatures ranging from 60° to 91 ° F. All plants in each experi-

ment were fumigated at the same time, part being placed immediately

after treatment in direct sunshine, part in the shade, and, excepting

Nos. 11, 13, and 19, part in darkness. An effort was made in several

experiments to have the shade temperature approximate that of

the sunshine, thereby eliminating consideration of the heat factor and
furnishing an exact basis for determining the influence of the sun's

direct rays, a factor of special consideration. Most of the experiments

also contain postfumigation environments of shade or darkness at

decidedly cooler temperatures than those of sunshine, and thus

furnish data for study of comparative temperature influences. Four
experiments, Nos. 12, 14, 15, and 18, include plants under three

different prefumigation environments, each set of which was sub-

jected to either four or five different postfumigation conditions.

Such experiments offer a wide range of data on the influence of

various prefumigation as well as postfumigation factors.

EXPERIMENT 10.

Condition during fumigation, dark, 64

Condition before fumigation, dark, 64^

Dosage, 1 ounce NaCN

.

Date, September 22, 1915, 7-7.40 a. m
Plants in each test, 4; total, 20.

Results.

Condition after fumigation.
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Besults.
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EXPERIMENT 14.

Condition during fumigation, dark, 91°-92° F.

Dosage, 1^ ounces KCN.
Date, March 15, 1915, 1.30-2.30 p. m.

Plants in each test, 2; total, 22.

Remarks: Plants were in a somewhat resistant condition. Temperature of the

fumigatorium 80° F. when plants entered, being raised immediately to 90°-9l° F.

before fumigation, and thus maintained throughout the exposure.

Results.

Condition before
fumigation.
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EXPERIMENT 17.

Condition during fumigation, shade, 60°-62° F.

Condition before fumigation, dark, 64° F.

Dosage, 1 ounce NaCN,
Date, September 21, 1915, 6.50-7.35 a. m.

Plants in each test, 5; total, 20.

Results.

Condition after fumigation.
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DARKNESS AND SHADE.

15

The effect on plant injury of shade and darkness after fumigation

is well illustrated by experiments 10, 12, 15, and 16 which are arranged

in Table I for comparison of these influences.

Table I.

—

Comparative effects of diffused light and darkness on plants aft^r fumigation
with hydrocyanic acid.
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An examination of this table shows that a dosage which slightly

injures merely the tenderest growth of plants placed either in the

shade or darkness after fumigation may result in severe burning of

even the old, resistant leaves if the treated plants are exposed to

sunlight (PL II, A), while in extreme cases complete defoliation fol-

lows, as happened in experiments 13 and 19. Increased injury due

to sunshine was apparent even at as low a sun temperature as 65°

F., which was the minimum experienced (experiment 11). The

plants in this case were comparatively tender, and this condition

natiu-ally invited greater injury than would have been the case with

more resistant foliage. A study of the data presented in these experi-

ments would appear to indicate that, all other conditions being the

same, injury increases more or less directly with the sun temperature.

The plants in experiment 11 were somewhat tender yet the degree of

injury in the case of those exposed to the sunshine (65° F.) was less

than to the plants in a hardened condition in experiment 19, in which

the postfumigation sunshine temperature was 87° F. In this latter

experiment the hardened or resistant gi'owth of plants placed in the

sunshine was almost completely destroyed, although plants placed

in the shade at the same temperature merely had the tenderest growth

injured (PI. II, A). This would indicate that sunshine at such a high

temperature is more injurious than sunshine at a low temperature;

in short, that the toxic action of hydrocyanic acid on fumigated

plants subjected to sunshine increases with the sun's intensity.

Turning to experiment 12 it is seen that the sun-exposed plants

were no more injured than those in the shade at a slightly higher tem-

perature. It so happened that in this experiment the fumigatorium

contained a piece of ice which had been used to maintain a low tem-

perature prior to the treatment. This ice absorbed gas with the

result that the strength of the gas was greatly reduced at the end of

the hour's exposure. A conclusion to be deduced from this experi-

ment is that plants exposed either to a strong gas for a short period

or to a dilute gas for a longer period before being placed in the sun-

shine are much less injured by fumigation than plants exposed to a

gas which maintains its proper strength throughout the period of an

hour's exposure, as in the other nine experiments. Data in support

of tliis statement are found elsewhere in this paper and, furthermore,

are supported by other experiments performed by the author but not

included in this article.

The relation of the temperature of fumigation to injury to plants

subsequently exposed to sunshine is not well shown by the experi-

mental data presented. Plants in experiments 10, 11, 13, 16, and

17 were fumigated at comparatively cool temperatiu-es (60°-68° F.),

yet the injury was about as severe to those plants subsequently placed

in the sunshine as to those under similar postfumigation conditions
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Fumigation of Citrus Plants With Hydrocyanic Acid.

A , Comparative effect of hot sunshine and shade, after fumigation, on citrus plants with resist-

ant foliage. Immediately following the treatment two plants were placed in direct sunlight

and one in the shade, at 87° F., and held at parallel temperatures throughout the remainder
of the day. It is noted that leaves in the sun-exposed plants have abscissed at the base of the

blade. B, Citrus plants with tender foliage which were exposed immediately after fumiga-

tion to the sun or shade at 79° F. The plant in the shade had merely the tender tips injured.

All leaves and petioles of the sun-exposed plants were completely burned and cling without
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in experiments 14, 15, and 18, which were fumigated at temperatures

ranging from S6° to 92° F. This would appear to indicate that the

temperature of fumigation within the limits of those experiments, 60°

and 92° F., has little if any modifying influence on the resulting

degree of injm*y to plants subjected to the sunshine after treatment.

It happens, however, that the prefumigation or postfumigation

conditions in experiments 14, 15, and 18 were exactly comparable to

those in none of the other experiments mentioned. Although section

1 of experiment 15 approximates experiment 10 as to prefumigation

and postfumigation conditions, it is seen that the maximum sun tem-

perature for the day in experiment 15 was 77° F., whereas in experi-

ment 10 it was 102° F. Therefore, definite conclusions regarding the

influence of the temperature of fumigation on plants subsequently

placed in sunshine can not be drawn until there is further experi-

mental evidence bearing on this subject.

The effect of postfumigation sunshine on plant injuiy appears to be

modified to a certain degree by the prefumigation light condition.

This is well shown by experiments 2 and 14, in which the damage to

the plants under postfumigation sunshine is greater in the case of

plants exposed to prefumigation sunshine than to plants in prefumi-

gation shade at a comparable temperature. It is probable that the

prefumigation temperature modifies to some degi^ee the effect of

postfumigation sunshuie, but this point is not conclusively proved

in this paper.
TEMPERATURE.

The importance of the temperature to which plants are subjected

after fumigation as a factor bearing on plant injuiy is brought out by
"the experimental data presented in experiments 1, and 10 to 19. It

is shown in experiment 12 that fumigated plants placed immediately

after treatment under a shade temperature of 88° F. or a darkness tem-

peratm-e of 90° F. are slightly more injm-ed than those placed at a

temperature of 60° F. A like condition is presented in experiment

15 between postfumigation temperatures of 63° F. and 89° or 91° F.

Experiments 1, 14, and 18 also show slightly increased injmy due to

higher postfumigation temperatures in the shade or darkness. On
the other hand, each experiment of numbers 2, 10, 13, 16, and 17

shows the same degree of injury for plants subjected to different

temperatures of shade and darkness foUowing fumigation. An
examination of the details of these experiments, however, brings out

a significant difference between the two groups. In the set of experi-

ments (2, 10, 13, 16, and 17) in which there was no apparent difference

in injmy due to the different postfumigation temperatm'es it is seen

that the difference between the high and low temperatures in any one

experiment varies from 9° in experiment 16 to a maximum of 16° in

experiment 17; furthermore, that the maximum postfumigation

4533°—Bull. 907—20 3
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temperature for these five experiments is 80° F., a maximum only a

few degrees higher than the limit of optimum temperatures estab-

lished for field fumigation. On the other hand, in the set of experi-

ments (1, 12, 14, 15, and 18) which shows a difference in injury

between plants submitted to high and those submitted to low post-

fumigation temperatui-es, the range is from a minimum of 23° in

experiment 18 to a maximum of 34° in experiment 14. In short, the

minimum range in the last set of experiments is 7° higher than the

maximum range in the first set which developed no difference of

injuiy; furthermore, the maximum postfumigation temperatures are

higher, ranging from 86° to 90° F., except in experiments 14 and 18, in

which they are 80° and 79° F. respectively. Another consideration

of special importance is the temperature of fumigation, which in the

first set of experiments ranged from 60° to 69° F., whereas in three

of the five experiments of the set which developed differences in

injury the fumigation temperature ranged from 85° to 92° F. Two
of the experiments in this last set, namely, 1 and 12, were performed

at temperatures of 60° and 64° F. In these two experiments, how-

ever, the postfumigation temperatui-es were very high, 86° and 90°

F., and the range between the cold and hot postfumigation tempera-

tures was from 26° to 30°.

The general conclusion to be di-awn from these experiments is that

the postfumigation temperature exerts an influence on the degree of

injury, especially at temperatures of 80° F. or above. The effect of

such high temperatures is modified by the temperature of fumigation
;

for instance, a high postfumigation temperature preceded by a high

fumigation temperatiu-e is more destructive to plant tissue than a

high postfumigation temperature preceded by a low fumigation tem-

perature. In fact, as is well shown in experiments 10 and 15, it is

possible to subject plants treated at such low temperatures as 60° to

65° F. to moderately high postfumigation temperatures (79° and 80°

F.) without any more injury than at the lower temperatures of 64° or

65° F. The postfumigation temperature of shade or darkness is so

closely related to the actual fumigation temperature in modifying

plant injury that it is important to take cognizance of each in plant

treatment. The influence of temperature on plants subjected to

sunshine foUowing treatment has been discussed imder the heading

''Sunshine." To avoid injury, or at least to reduce the possibility

of damage to the lowest degree, the data presented in this paper

appear to indicate that after fumigation plants should be placed at

temperatm-es below 80° F. The exact number of degrees the opti-

mum faUs below 80° will depend on the prefumigation and fumigation

temperatures. When these are ideal the maximum optimum ap-

parently approximates 80° F., but if they are not the optimum is low-

ered a few degrees.
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THE INFLUENCE OF SUNSHINE AT VARYING PERIODS AFTER FUMIGATION.

Wliilc experiments 10 to 19 clearly demonstrate the influence of

sunshine on plants exposed immediately after fumigation, the

following four experiments set forth the effect of this factor where

plants are placed in the sunshine fom- hours or more after treatment.

EXPERIMENT 20.

Condition during fumigation, shade, 62°-65° F.

Condition before fumigation, shade, 66° F.

Dosage, 1 ounce NaCN.
Date, September 21, 1915, 8-8.45 a. m.

Plants in each test, 3; total, 21.

Results.

Condition after fumigation.
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EXPERIMENT 22.

Condition during fumigation, shade, 58° F.

Condition before fumigation, shade, 59° F.

Dosage, IJ ounces KCN.
Date, March 30, 1916, 8.15-9.05 a. m.

Plants in each test, 3; total, 18.

Remarks: Plants in a slightly resistant condition. Maximum sun temperature

76° F. Plants were removed from fimiigatorium to cool shade for the period elapsing

before placement into sunshine.

Results.

Condition after fumigation.

Shade,
60° F.

Sun, 66° F.
exposed
at once.

Sun, 67° F.
exposed
after 30
minutes.

Sun, 68° F.
exposed
after 1

hour.

Sun, 72° F.
exposed
after 2
hours.

Sun, 74° F.
exposed
after 3

hours.

EXPERIMENT 23.

Condition during fumigation, shade, 65° F.

Condition before fumigation, shade, 68° F.

Dosage, 1-|^ ounces KCN.
Date, March 30, 1916, 12.03-12.53 p. m.

Plants in each test, 3; total, 18.

Remarks: Plants in a slightly resistant condition. They were removed from

fumigatorium to cool shade for period elaj^sing before placement into sunshine.

Maximum sun temperature, 76° F.

Results.

Condition after fumigation.
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under shade temperatures of 79° and 90° F. immediately after the

exposure, althougli plants exposed to the sunshine (76° F.) at the

same time had almost all foliage, hoth tender and resistant, destroyed.

Plants held in the shade for 30 minutes and one hour, respectively,

after treatment and then subjeeted to sunshine at temperatures of 79°

and 80° F, were about equally affected and this amounted to having

a large part of the old resistant foliage destroyed. The injury, how-

ever, was noticeably less than where the plants had been expos(Ml

immediately after the treatment. Plants withheld for a period of

two hours before placement in the direct sunshine had the tender

growth destroyed and a few old leaves slightly affected, while phxnts

held three horn's before placement in the sunshine were no more

5

4

53
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diately or witliin a few minutes after the fumigation ; that the influ-

ence of sunshine wliich first reaches plants 30 minutes after treatment

is practically the same as that of sunshine wliich first reaches the

plants one hour after fumigation, and in all cases is severe; that the

effect when plants are withheld for three hours before exposure to

smisliine is seldom greater than where they are kept in the shade or

in darkness at ecjual temperatures; in short, that sunsliine appears

to affect fumigated plants little or not at all at periods exceeding

three hours after treatment.

THE EFFECT ON PLANT INJURY OF TEMPERATURE, LIGHT, AND
MOISTURE DURING FUMIGATION.

The effect of certain weather conditions during the period when
plants are actually exposed to hydrocyanic acid is brought out

clearly in experiments 1 to 27.

DARKNESS AND SHADE.

The comparative influence on plant injury of shade to darkness

during fumigation is shown by certain experiments, of which num-
bers 10 and 16 are especially representative. In these experiments

are found practically identical prefumigation and postfumigation

conditions, and the actual fumigation environments differ only in

that No. 10 was performed in the dark while No. 16 was carried on

in diffused light. The results of these experiments indicate no dif-

ference in degree of injury between plants fumigated in the shade and

those fumigated in darkness. Experiments 5 and 17 contain a series

of plants which present results corroborating those shown in experi-

ments 10 and 16. A careful comparison of other experiments given

in this paper supports the conclusion that citrus plants are as safely

fumigated in diffused light as in total darkness.

No experiments were performed in which plants were exposed to

sunshine during treatment, but in consideration of the results pre-

viously shown where plants exposed to the sunshine immediately

after fumigation developed very much more severe injury than

others in the shade or dark at equal temperatures, it would appear

that at least equally severe injury would develop from sunshine dur-

ing the actual treatment. Factors which bring about injury from

exposure to sunshine after fumigation would appear to be present

in at least equal force in exposure to sunshine during actual

treatment. Sunshine exposure during actual treatment would be

possible only under glass, and in such cases would be accompanied

by a temperature greater than that of the outside air.
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MOISTURE.

Experiments 4, 6 to 9, and 1 1, were performed with, both dry and
wet phmts. A comparison of results of these experiments has been

presented under the paragraph treating on prefumigation influences.

It was found that moisture on plants in prefumigation shade or

darkness in no way affects the results where the fumigation is per-

formed in shade or darkness. However, where plants were in sun-

shine before fumigation it appeared that a wetting with cool water

tended to reduce the injury below that normal to dry plants.

TEMPERATURE.

Temperature is a factor of much concern during actual fumigation,

and has already been discussed in this paper. Its influence is so

modified by the prefumigation and postfumigation temperature and

light conditions that it is necessary to pay full attention to these two

latter environments in determining the temperature of safety during

actual gas exposure. The experiments included in this paper in

which plants were at no time exposed to the sunshine, and in which

the prefumigation and postfumigation temperatures were within the

range of optimum heat conditions, exhibited very little injury where

plants were fumigated at temperatures below 80° F. In some experi-

ments in which the temperature of fumigation exceeded 80"^ the

injury appeared to be little if any more severe than at lower temper-

atures of fumigation, provided the prefumigation and postfumigation

temperatures were both low; in other experiments the injury appeared

to be greater at the higher temperatures of treatment. When, how-
ever, either the prefumigation or more especially the postfumigation

temperature was high as well as the actual fumigation temperature

the injury was, in general, noticeably more severe than at cooler tem-

peratures. This is well illustrated by a comparison of experiment 1

with either experiment 14 or 15. Unfortunately none of the experi-

ments performed at temperatures exceeding 80° F. were held at a

uniform heat tlii'oughout the exposure, but the temperature fluctu-

ated at least several degrees after the plants were inclosed in the

fumigatorium. This condition introduces a secondary factor which

must be taken into consideration in drawing conclusions as to the

effect of high temperatures on plant injury.

It appears from a comparative study of the experiments in this

paper that severe injury is most noticeable where any two or all

three of the fumigation environments, prefumigation, fumigation,

and postfumigation, are at high temperatures. In short, if the actual

fumigation temperature is high, a minimum of injury is likely to fol-

low if both the other environments are cool. If, however, either the

prefumigation or more especially the postfumigation temperature is

also high, much more severe injury is likely to result. The evidence
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presented in experiments 1 to 27 appears to indicate that the greatest

safety demands fumigation at temperatures below 80° F., unless the

dosage is weak or the exposure short, and this condition has been

corroborated by experiments in orchard treatment.

SUDDEN CHANGES IN TEMPERATURE DURING FUMIGATION.

The following four experiments, when viewed in the light of data

given in the preceding experiments, show the effect of a sudden

increase in temperature immediately before or during the first few

minutes of exposure and followed by a fluctuation of several degrees

during the remainder of the treatment. The actual temperature

during the gas treatment in the first three experiments was 86° F. or

above, while in experiment 27 it was cool, ranging from 61° to 70° F.

EXPERIMENT 24.

Condition duiing fumigation, dark, 86°-92° F.

Condition before fumigation, dark, 64° P.

Dosage, 1 ounce NaCN.

Date, September 23, 1915, 6.10-6.50 a. m.

Plants in each test, 4; total, 20.

Remarks: Temperature of fumigatorium was raised from 64° to 92° F. imme-

diately before fiunigation and held at 86°-92° F. throughout the exposure. Maxi-

mum temperature for day, 93° F. at 2 p. m.

Besulls.

Condition after fumigation.
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KXI'KRIMENT 26.

Condition during fumigation, shade, 8G°-91° F.

Dosage, I2 ounces KCN.
Date, March 18, 1915, 2.05-3.05 p. m.

Plants in each test, 2; total, 20.

Remiuks: Temperature of fumigatorium was raised from about 75° to 91° F. im-

mediately before fumigation and maintained at temperature of 86°-91° ¥. through-

out the treatment.
Rfsuits.

Condition before
fumigation.
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experiment 27 the temperature was suddenly raised during the initial

exposure to the gas from 54° to 70° F., a rise of 16°, and fluc-

tuated within the range of 61° to 70° F. during the exposure. It

would appear that the shock to the plant resulting from this sudden

rise in temperature during the gas exposure accounts for the greatly

increased injury in experiment 27 over that in experiment 3 or

experiment 8.

The effect of a sudden rise of temperature is also shown in experi-

ments 24, 25, and 26, all of which were performed at temperatures

ranging from 86° to 92° F., which are much higher than that of

experiment 27. An examination of experiment 25, in which the pre-

fmiiigation temperature was 65° F. and in which part of the postfumi-

gation conditions were equally favorable, shows that the injury is very

severe irrespective of prefumigation or postfumigation environment,

in all cases a large proportion of the most resistant leaves being

destroyed. The degree of plant injury was much greater than that

in experiments 14 and 18, which were performed at equally high

temperatures with the same dosage and exposure. In experiment 25

the temperature was quickly raised 19°, from 73° to 92° F., imme-

diately before generating the gas, and was maintained between 86°

and 92° F. throughout the treatment. This sudden rise in tempera-

ture, supplemented by fluctuation during the exposure, appears to

be the cause of abnormally severe plant injury. The results in experi-

ments 24 and 26 are in full accord with that in experiment 25, and

corroborate the influence of a sudden rise of temperature immediately

before and during the exposure of plants to hydrocyanic-acid gas.

Experiments 14, 15, and 18 also fall within the class of tests in

which the temperature was raised during the exposure of plants to

the gas. The injury in these experiments is comparatively less than

in Nos. 24 to 27.

An examination of the data presented in this paper shows that aU

experiments performed at high temperatures (above 85° F.) indicate

a greater degree of injury, in general, than where plants are treated

at cooler temperatures. In each of these experiments the high tem-

peratures were attained by increasing the heat artificially during the

gas exposure. These sudden increases in temperature during the

fumigation exposure varied from 10° in experiment 14 to a maximum
of 28° in experiment 24. Furthermore, after increase to the maxi-

mum temperature, fluctuations took place during the actual gas expo-

sure ranging from 2° in experiment 14 to 10° in experiment 27. This

condition of sudden rise in temperature, especially when accom-

panied by wide fluctuation during the exposure, appears to exert a

highly injurious influence on the plant. Where the rise of tem-

perature was only 10° to 14°, as in experiments 14 and 18, and was

held during the exposure with slight fluctuations of 2° to 4°, the
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injury was not es])ecially severe; where, however, (he sudden increase

was over a wider range, as in experiments 24 to 27, of from 16° to 28°

and aiicompanied by fluctuation in temperature of 5° to 10°, the

injury was most severe.

These data are of importance in showing that sudden and wide

fluctuations of temperature during the gas exposure should be avoided

where possible. Such fluctuations appear to bo damaging to plants

even where the ranges of temperatures of exposure fall below 70° F.,

which is considered within the range of optimum for field fumigation.

GENERAL DISCUSSION OF FACTORS WHICH INFLUENCE FUMIGATION
INJURY.

Evidence has been jjresented in the foregoing experiments bearing

on the relation of darkness, difl'used light, sunshine, temperature,

and moisture to foliage injury during the fumigation of citrus trees.

Abundant additional data have accumulated during field and labo-

ratory experiments to ofi'er further corroboration of the deductions

made from these experiments. The efi'ect of hydrocyanic acid on

fruit was not taken up in connection with this series of laboratory

experiments, but a very large amount of data on this subject has been

taken during field experimentation.

In the fumigation of citrus trees injury to fruit and injury to foliage

should be considered separately. The fruit has been observed to be

•severely injured without the foliage being burned in the least, while

on the other hand trees have been noted as defoliated although the

fruit was entirely uninjured. Several different types of injury- are

presented in the fruit and foliage of fumigated citrus trees. Tliese

types, though somewhat related in the case of either the fruit or the

foliage, are sufficiently distinct to be easily detected.

Foliage injury is properly characterized by discoloration or burning,

and is usually accompanied by the shedding of leaves which vary in

appearance from those completely burned to others free from deface-

ment of tissue. The tender expanding leaves of very tender succu-

lent stems usually show the first signs of fumigation injury, and this

is not localized at any particular place, but sometimes occurs at the

edge and sometimes in the body of the leaf. These affected areas

are frequently confined to one surface of the leaf though more com-

monly the injury is equally apparent on both surfaces. As the

degree of injury increases the entire tender tips are affected, this at

first being evidenced by wilting and finally by death. The length of

time following fumigation before tip injury appears depends upon
the tenderness of the tip, the concentration of the gas, and such fac-

tors as temperature and sunshine conditions surroimding the fumi-

gation. The tender foliage of plants placed in bright sunshine imme-
diately after treatment with a strong dosage may start wilting or dis-
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coloration within 2 to 3 hours after the exposure. However, like plants

fumigated under like conditions but placed afterwards in the shade or

darkness at a cool temperature might not show injury for at least a

half day. As a general rule, evidence of injury to active citrus trees

unexposed to the direct sunshine for at least several hours after the

treatment develops within 24 hours, though the severity of injury

may not become fully apparent for 2 or 3 days. Wliere plants are

hardened or dormant at time of fumigation a much longer period is

covered before the effects of treatment are definitely exhibited.

Burning of the tender, fully expanded leaves in which the cuticular

layer has not yet become fully matured requires a slightly stronger

gas than to produce tip injury. As the expanded leaf matures greater

resistance to the gas develops. The injury to leaves as observable

by defaced tissue may be confined to small distinct areas, sometimes

in the case of very tender growth not larger than the head of a pin,

or in other cases may include the whole of a leaf. Severely injured

leaves drop within a few days to several weeks after treatment, but

the shedding of foliage having little or no defacement of tissue is

indeterminable because such foliage, especially in the case of mature

leaves, might be and apparently is greatly affected ph3^siologically

even when little or no superficial evidence is presented previous to the

actual abscission. The abscission usually occurs at the base of the

blade (PI. IV, B, h) rather than the base of the petiole, but later this

also falls.

In any examination into the causes producing plant iiijury from

fumigation with hydrocyanic-acid gas at least four distinct condi-

tions, each of which contributes toward modifying the result, must be

considered. These are: (1) The concentration of the gas; (2) the

length of exposure; (3) the physiological condition of the plant; (4)

atmospheric conditions.

THE CONCENTRATION OF THE GAS.

The modifying influence of gas concentration on plant injury has

already been briefly mentioned in this paper. It has been found in

experimental work that under the most favorable conditions of treat-

ment fully one-half ounce of high-grade sodium cyanid to 100 cubic

feet of space in an air-tight fumigatorium is required to produce

injury to normal healthy citrus plants, and dosages in excess of this

amount were used in experiments 1 to 27. In orchard work fruit or

foliage injury seldom results unless upward of 50 per cent strength

of the full dosage schedule recommended by this department and

followed in commercial fumigation in California is used. As the gas

concentration increases above the strength required to produce initial

injury the effect on the plant becomes increasingly severe. In

extreme cases the entire plant may be killed, but this result with
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Fumigation of Citrus Plants With Hydrocyanic Acid.

A Valencia orange tree, fumigated six months after the trunk and main branches had been
painted with Bordeaux paste. All the foliage was burned and the fruit ultimately dropped.
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Fumigation of Citrus Plants With Hydrocyanic Acid.

A , B, Fumigation injury to foliage at point of infestation with purple scale (Lepidosaphes
beckii). The injury appeared most prominent on the side of the leaf opposite the in-

festation. A, Upper side of leaf, showing purple scale. B, Lower side of same leaf,

showing collapsed tissue opposite scale infestation. C, An immature Valencia orange
injured by exposure to simshine following fumigation. The uninjured area was
shaded by leaves. D, Twig from a fumigated tree, showmg how the leaves are ab-
scissed at the base of the blade, leaving the petioles clinging to the tree.
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citrus trees is seldom experienced, so extended is the range between

initial injury and death.

It has been shown by the author {21) that the distribution of gas

beneath the tent is modified by the method of application; that in

pot-generated gas the greatest concentration is toward the top of the

tree, whereas in the case of gas generated from liquid hydrocyanic

acid the concentration is greatest toward the bottom of the tree.

Correspondingly the injury in the case of pot or machine generated

gas is most marked toward the top of citrus trees fumigated after

this method ; whereas, when li(iuid hydrocyanic acid is used, the ten-

dency is for greater injury toward the bottom.

THE LENGTH OF EXPOSURE.

Variations in the length of exposure very naturally modify the

effect of the gas on the plant, as early pointed out by Woods and

Dorsett {22), and recently clearly presented by Fernald, Tower, and

Hooker {5) in experiments with tomatoes and cucumbers. Tliese

latter writere performed experiments in which plants were entirely

uninjured when exposed to a certain dosage for 10 minutes but when

exposed to the same dosage for 2 hours the plants were killed. Tlie

writer has performed many similar experiments with citrus trees and

reached the conclusion that for these plants very heavy dosages may
be safely used with exposure periods up to 20 or 25 minutes' dura-

tion, but where the period of exposure approaches or exceeds 40

minutes the injury is decidedly increased.

Whereas short exposures to hydrocyanic acid have very little dele-

terious effect on plants, a correspondingly less destructive action to

insects occurs with short exposures than with long exposures. In

the commercial fumigation of citrus trees for scale insects the normal

exposure ranges from 40 minutes to 1 hour. Results under shorter

exposures with the dosages used have not proved entirely satisfac-

tory from the standpoint of killing the scales. Experiments by the

writer have shown that satisfactory results can be secured with

shorter exposures if an increased dosage is used. If, however, the

exposure with these increased dosages is greatly extended more

injury results. Since commercial outfits consist of from 30 to 100

tents, their movements under all conditions within fixed periods of

less than 40 minutes is scarcely practicable. At the present time it

is not uncommon for large outfits operating on the basis of an hour's

exposure to require H hours for sliifts or throws with damp tents on

large trees. Thus commercial orchard fumigation appears to resolve

itself into using dosages which wiU not injure trees even when the

length of exposure slightly exceeds an hour. An outfit consisting of

such a few tents that they would be operated unfailingly within short

periods could undoubtedly fumigate successfully with greater dosages

and shorter exposures than are now common to the practice.
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THE PHYSIOLOGICAL CONDITION OF THE PLANT.

The influence of the physiological condition of the plant on injury-

has until recently received scant attention by writers on fumigation.

It is evident that plant injury from hydrocyanic acid is influenced by
the chemical condition of the cells at the time of treatment, for other-

wise how could the fact, well known to every fumigator, be explained

that tender growing citrus plants are less resistant to gas than those

in a dormant and hardened condition, as during the winter. This is

equally true with the young leaves as with the mature ones, which
indicates that in becoming resistant young growth passes some sort

of maturation process. In fact it appears that the condition of citrus

plants which renders them hardy or resistant to frost injury likewise

develops increased resistance to hydrocyanic acid.

Harvey (8) has shown that in the case of cabbage the hardening

process results in an increase in the glucose and sucrose content over

that present in nonhardened plants and quotes Lidforss as authority

for the statement that this is a common transformation in plants

generally during the cold season. Chemical changes increasing or

reducing the percentage of other substances are also shown to be a

result of hardening tissues. It is further stated that the hardening

of plants which results in an increase in the cell-sap concentration is

an accommodation brought about by low temperature. Plants can

also be rendered resistant by growth in a dry soil.

Stone (18), working with cucumber plants grown under different

light and soil-moisture conditions, showed that the development of

tissue is influenced by these factors as weU as their susceptibility to

burning Avith hydrocyanic acid. The weaker tissue produced by
inferior light or excessive moisture was decidedly more injured than

that grown under full light conditions or in dry soil.

More recently Clayton (1) experimented with tomato plants and

similarly observed that resistance to hydrocyanic-acid gas was modi-

fied by the conditions under which the plants were grown. Slow-

growing plants with a high chlorophyll content per unit area were

found to be more resistant to hydrocyanic acid than plants grown
rapidly with low chlorophyll content per unit area, and his conclu-

sions that the water supply was the underlying cause of these differ-

ences is in full accord with the prior work of Stone. Chemical

examination of the two sets of plants gave results in agreement mth
those of Harvey (8) and others for hardened and nonhardened or

actively growing plants, that the more resistant forms have greatly

increased carbohydrate content, especially of the reducing sugar

calculated as dextrose. Experiments conducted by this writer mth
plants infiltrated with dextrose showed that resistance to hydrocyanic-

acid gas was developed by this procedure and the conclusion was
reached that glucose in a plant acts as a protective agent against

injury by cyanid.
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This important couclusion oflcrs a possible explanation of certain

features which the writer has observed in connection with orchard

fumigation, namety, the greater resistance of the blossom growth than

that of the leaf growth appearing at the same time on the same tree;

the greater resistance of this first leaf growth in the winter or spring

than that which develops during the hot summer months ; the greater

resistance of the ripening orange than that of immature fruit.

That chemicals in the cell sap other than reducing sugars can

modify injury is strikingly brought out in the case of citrus trees

sprayed with Bordeaux mixture or where trunks and main branches

have been painted with Bordeaux paste a short time before fumigation

with heavy dosages. This damage attributable to Bordeaux appli-

cations is evidenced by burning of the foliage and fruit. Plate III

shows the severity of injury that frequently follows the fumigation of

a tree whose branches and trunk were previously Bordeaux painted.

Since the foliage and fruit of this tree were not touched by the

Bordeaux paste, but only the branches and trunk, it is evident that

certain elements of the fungicide must have been taken into the cell

sap and transported to the fruit and foliage which was so severely

injured. Proof of this contention has been seen in the extraction

of traces of copper from the foliage of such treated trees by Mr. PI. D.

Young,' while chemist of the Citrus Experiment Station at Wliittier,

Calif. It would thus appear probable that the injur^^^, at least in part,

was due to reaction of the cyanid gas on the copper for which it has a

great affinity.

It has been observed by the writer {20) that fruit injurj^ from
fumigation often occurs at places of weakness in the epidermis and

that such a condition is sometimes the result of insect action. . Plate

IV, A, shows that insects can likewise influence injury to leaves by
feeding. In this particular case it is of great interest to note that the

mjury^ is most apparent at the leaf surface opposite to that on which
the insects rest.

It has been pointed out by different authors that the moisture condi-

tions surrounding growing plants influence their development and their

susceptibility to injury from hydrocyanic-acid gas, those growing un-

der moist conditions being less resistant to gas than those growing

under dry ; in short, that dry soil induces gas-resistant plants. Studies

made by the writer in the case of field-grown citrus trees appear in

general to support this theor^^. A large lemon orchard, through

which a deep, narrow swale extended, was fumigated in November,
1918. At the time of treatment the soil in this swale was moist and

had been in this condition at least since the previous irrigation six

weeks before. The soil on the upper slopes was very dry. The tents

were pulled in a straight string which extended down the slope on

1 From unpublished results.
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across the swale and up on the other side. The three or four trees of

each row which were in the damp soil of the swale were severely

injured, whereas the trees in the dry soil of the upper slope were

entirely uninjured. In another case a 16-acre orchard on heavy soil

had been abundantly irrigated twice during the month prior to

fumigation and was very moist at the time of fumigation. This

orchard was severely injured throughout, whereas an adjacent orchard

of the same soil type which had been without irrigation for so long

that the soil was dry and the foliage of a hardened appearance at the

time of treatment showed very little injury to any trees. Many
similar instances of greater injury on damp soil have been noted.

The mere wetness of the soil does not in itself offer full explanation

of plant injury due to this factor. For instance, the writer has

conducted fumigation of orchard trees immediately following a

heavy rain with no more injury than to trees in dry soil. Likewise

fumigation frequently follows immediately after an irrigation without

noticeable damage to the trees. The writer's own observation

inclines him to believe that the greater injury to citrus trees in wet

soil is induced especially after the plants have been subjected to a

very moist condition for a sufficiently long period to set in action

forces which change the general metabolism of the plant and result

in foliage or fruit so constituted as to be less resistant to hydrocyanic

acid. Support to this is presented by the work of Fowler and Lipman
(6) on the effect of soil moisture on young lemon trees. These

writers concluded that soil moisture in excess of the optimum leads

to depressed growth, light colored foliage, and general lack of vigor,

the visible damage being greater than if the moisture condition is

below the optimum. Of further interest is the statement of Pfeffer

(15) that the supply of water affects the formation of cuticle. Al-

though a dry soil tends to slacken growth and hasten maturity of

plants, thereby rendering them more resistant to hydrocyanic acid,

it has been observed that protracted situation in soil so deficient in

moisture that the plant suffers ultimately leads to a physiologically

weakened condition. It has been stated elsewhere in this paper that

plants in a state of impaired health are more susceptible to injury

than normal healthy plants.

The soil type also appears so to influence the physiological con-

dition of the tree that modified reaction to hydrocyanic acid some-

times occurs. A 30-acre lemon orchard which was fumigated

experimentally in 1918 was about equally divided between two
distinct soil types, one a loam designated as a "barren" soil, the

other black adobe which contained about 10 per cent humus. Injury

occurred throughout this orchard but the degree was noticeably

greater on the loam than on the black adobe. Other instances of

injury due to different soil types have been noted. Groups of trees
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whose growth has not kept i)acc with the rest of an orchard, due

possibly to inferior subsoil, to hard pan, gravel, etc., are not uncom-

mon. Trees under such adverse conditions have sometimes been

noted to be more adversely affected by fumigation than healthier

trees.

The general conclusion to be drawn from this discussion is that

plants best resist cyanid gas if in a hardened or dormant condition

at the time of fumigation. Hardening is brought about either by

cold weather or a dry soil. From the standpoint of the action of

cold, plants are most matured or dormant during the winter season

and at this time least injury from fumigation is to be expected.

Since citrus is mostly grown in countries that practice irrigation, the

dryness of the soil can be regulated by regulating irrigation. There-

fore, as a general rule, fumigation should precede the run of water

rather than follow, as is frequently the practice at the present time.

ATMOSPHERIC AND LIGHT CONDITIONS.

DARKNESS AND DIFFUSED LIGHT.

Experimental evidence presented in this paper has shown that

diffused light before, during, or after fumigation in no way modifies

the degree of injury to citrus trees. Since the active stomata of

citrus plants open during the daytime and for the most part remain

closed at night it is evident that the condition of the stomata does

not noticeably alter the degree of injury from fumigation. Such a

conclusion is not fully in accord with the statement of Clayton that
'' the stomata seem to be the most important single factor in deter-

mining the amount of injury resulting from hydrocyanic acid * * *

.

Injury closely paralleled the stomatal movement, increasing as the

size of stomatal aperture increased."

These differences in results are readily explained in the light of

the work of Stone (^cS") and Moore (11). The former states that the

condition of the stomata does not appear to have anything to do with

susceptibility to burning from fumigation but the injury is due rather

to the development of the cuticle and texture of the tissue in general;

that tender immature tissue is least resistant to fumigation injury.

Moore has shown that hydrocyanic acid enters plants to a greater or

less extent through the cuticle and that those with thin cuticles are

far more severely injured than those with thick, strongly cutinized

cuticles. Geranium, Tradescantia, and tomatoes, the plants with

which Clayton worked, have very thin cuticles and were injured with

a concentration of gas at the rate of approximately yV ounce of potas-

sium cyanid to 100 cubic feet. The smallest dosage used in the

writer's experiments with the thicker and more heavily cutinized

citrus plants was 1 ounce of potassium cyanid to 100 cubic feet.
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This shows the comparative resistance of the two types of leaves.

Mature citrus leaves are so resistant to cyanid that it appears that the

concentration needed to produce injury is so great that the gas pene-

trates the tissues whether the stomata are open or closed, and the

amount which enters while the stomata are open over that entering

while closed ^ is insufficient to modify to any great extent the degree

of injury. Of particular interest in this connection are the obser-

vations of Coit and Hodgson {2) that early in the life of the leaf the

stomata lose their power of opening and closing and remain for the

most part practically closed thereafter. On the other hand, such

tender plants as Tradescantia react to such small amounts of cyanid

that the stomata seem able to exercise an influence on the passage

of gas sufficient to modify the effect on the plant.

The earliest fumigation of citrus trees was performed during the day-

time and accompanied by much injury. Coquillett {3) offered as an

explanation of this result that ''in the daytime the light and heat

decompose the gas," the assumption being that the products of

decomposition are more injurious than the hydrocyanic acid gas

itself. In an effort to correct the action of sunlight blackened tents

were used but without marked success. The final solution was night

fumigation. American writers on fumigation who have experimented

with sunshine work have been unanimous in proclaiming its impracti-

cability as a general practice.

The results of the many experiments presented in tliis paper show

that sunsliine is one of the most important factors influencing injury

and that its effects are not confined solely to the period of exposure,

but are also exerted immediately before and immediately after the

treatment. The postfumigation influence appears to be somewhat
greater than the prefumigation influence and its effects are sometimes

so injurious as to discolor fruit (PI. IV, B, a) and destroy the foliage of

plants which, if protected from the direct sun, would have been but

slightly affected (PL I, B). This action on the foliage is most con-

spicuous through burning which, if including the entire petiole as

well as the blade, results in the destroyed foliage clinging to the tree

until exfoliation takes place by mechanical means. (PI. II, B.)

This postfumigation sunshine influence in such experiments as No. 10,

in which plants in the dark were fumigated in the dark and placed in

the sunshine with the result of severe injury, would appear to disprove

Coquillett's explanation of decomposition of the gas, for in this case

the sunshine did not reach the plants until they had been removed
from the fumigatorium.

1 According to MacDougal {10) stomata do not close their pores so tightly that some gaseous diffusion

may not take place tlirough their diminished opening.
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Temperature has a very direct relation to simshine influence, and

the degree of injury appears to be increased or decreased as the

temperature of the sunshine is greater or less. Furthermore, where

plants are subjected to sunshine immediately })efore treatment, the

actual fumigation and postfumigation temperatures influence the

degree of injury. Likewise in the case of plants exposed to sunshine

immediately after treatment, the prefumigation and actual fumigation

temperatures require consideration. The writer's own experimental

evidence shows that the optimum temperatures of fumigation are

below 80° F., and that work conducted at higher temperatures is

performed with increased risk. The greatest injury follows the sub-

jection of plants to both sunshine and high temperatures both before

and after fumigation. The effect of this combination, sunshine and

temperature, has long influenced the time of starting orchard work in

California. The fumigation season begins in the summer and extends

throughout the autumn into the winter. During the warmest

weather work is not started until the sun has set, but with the advent

of the late autumn and cooler temperatures the first row of trees is

sometimes covered before sundown, and in the winter period of

dormancy entire rows are treated in the sunlight. During very hot

weather, when the atmosphere is clear and dry, injury to the first row

fumigated at night and the last in the morning has been of frequent

occurrence and in the latter case has been observed to occur even

when the tents were removed from the trees before sunrise. Full

explanation of this situation is presented in the results of experi-

ments 20 to 2.3 which show that the postfumigation sunshine influence

may extend up to three hours after exposure, although the maximum
of influence is confined to the first few minutes after removal from the

gas.

In spite of the fact that sunshine has from the first been considered

one of the most harrhful agents to plants in connection with fumiga-

tion, the greater desirability of daylight work has led to continued

attempts to substitute day practice for that at night. These efforts to

revolutionize accustomed practice usually were made during the

winter months, and frequently successfully over short periods if the

weather was moderate and the trees well hardened. Sooner or later,

however, this attempt to fumigate by day without modification of

dosage or exposure was followed by severe tree damage and was

promptly discontinued.

It has been explained previously that cyanid injury is modified by

the concentration of the gas and by the length of exposure. There-

fore it is reasonable to assume that either of these factors can be so

reduced as to render fumigation safe on the hottest sunshiny day.

Orchard work is performed with a concentrated gas, usually as con-

centrated as an active tree will stand safely during cool nights. In
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the liglit of the experiments presented in this paper it is to be expected

that the use of such dosages during warm sunshine woukl cause severe

injury. Experiment 3 shows that by reducing the strength of the gas

the influence of the sunshine is corresponchngly reduced. One
orchardist known to the writer has practiced daylight fumigation on

his small lemon orchard during the growing season for several years,

accomplishing his purpose through reduction of both dosage and
exposure. He was observed on one occasion to fumigate lemon trees

safely at a temperature of 84° to 86° F. by using a dosage calculated

as less than one-half the usual dosage, with an exposure of 30 minutes.

The effect on the scale was not noted.

Since liquid hydrocyanic acid has come to be used m fumigation,

daylight practice is no longer considered a dangerous experiment.

During the winter months outfits operate throughout the daytime in

bright sunsliine, in many cases with complete safety, and under

conditions which in the past with pot or machine generated gas were

wont to produce severe injury. Outside of possible differences in

physical properties of the gas due to the method of generation and

application, the one most plausible reason for the increased safety of

daylight operation is the difference in diffusion tliroughout the tree.

In pot-generated gas the greatest concentration is toward the tree

top, whereas with liquid hydrocyanic acid in warm weather the greatest

concentration is toward the bottom of the tree (21). The writer has

determined by a series of experiments that the temperature of the

tented tree rapidly rises on the sunward side after covering and that

the greatest increase is toward the top of the tent. In pot-generated

gas the maximum gas concentration, maximum heat, and most

sudden change of temperature are exerted at the same place, the top

of the tree, whereas in trees fumigated with liquid hydrocyanic acid

the greatest concentration of gas at the bottom of the tree is at the

coolest part of the sunward side of the tree, while at the top or point of

maximum temperature the gas is most dilute. A seeming explana-

tion is presented in the comparative appearance of damaged trees

under these two methods of gas application. Sunshine-injured trees

from pot-generated gas show the greatest damage on the sunward

side toward the top; in the case of trees treated with liquid hydro-

cyanic acid the damage toward the bottom is greatly increased over

that as compared with pot-fumigated trees while that toward the top is

lessened.

It was stated in a previous paragraph that the open or closed

condition of the stomata does not appear to affect the degree of injury

to citrus plants in darkness or diffused light before, during, and after

fumigation. In the case of plants subjected to sunshine either im-

mediately before or immediately after exposure to cyanid gas, equally

conclusive data bearing on this subject have not been developed. Cer-
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tain exporimcnts already prcsoiited in this paper liavc shown that

plants in a prefumigation and fumigation environment of darkness (in-

dicating closed stomata) were severely injured by placement in sun-

shine immediately after the exposure, while check plants placed in

the shade at an erjual temperature were little affected. In these cases

the increased damage to the sun-exposed plant was brought about m
spite of the fact that the stomata were apparently (dosed during the

fumigation. Furthermore, data have been collected during daylight

work, both in the morning and afternoon, showing that trees some-

what protected from the direct sun were little affected by a strength

of gas that severely injured trees in the direct sunshine treated at the

same time. On the other hand, the increased injury to plants in a

prefumigation condition of sunshine, as previously explained, and

observation that greater injury is usually apparent during morning

orchard fumigation than during that performed late in the afternoon

at an equal temperature, might indicate possible stomatal influence

when viewed in the light of Lloyd's {9) conclusions that the morning

sun may hasten stomatal opening, that this opening is at its maximum
toward midday, and that closure occurs during the afternoon.

Stone, Moore, and others conclude that a strong concentration of

gas tends to close the stomata. This closure of the stomata from

fumigation would reduce the rapidity of the escape of gas wliich

remained in the intercellular spaces after treatment and might

thereby modify the degree of injury, especially in plants subjected to

such adverse conditions as postfumigation sunshine. -

The condition of the soil apparently influences cyanid injury from

sunshme, as shown m the case of a 10-acre citrus orchard fumigated

duriiig a clear hot day m November, 1919. This orchard was so

irrigated that the soil nearest the head of the furrows was thoroughly

wet to a normal depth, whereas the soil at the lower end of the furrows

was for the most part wet only for a few inches at the surface, or

sometimes not at all. The trees reflected this lack of required moisture

m their general less healthy appearance. The tents were strung in

the direction of the irrigation fm^rows. Severe injury resulted from

the fumigation, amounting almost to complete defoliation on the

smiward side of a large part of the trees. This injmy was confined

almost exclusively to the trees on the dry soil, those on the moist

soil being very little affected. The explanation is that the trees which
had long suffered from lack of moisture were in a weakened condition

at the time of fumigation, whereas the others were not.

TEMPERATURE.

It has been clearly shown by the experimental evidence presented

in this paper that temperature exerts one of the most important
modifymg influences on injury from fumigation. Furthermore, not
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only must the temperature of treatment be considered, but also the

temperature surroundmg plants after exposure and to a much less

extent that before exposure. It has been shown that high tempera-

tures are more injurious than low, and in the case of each of the three

fum.igation environments, the prefumigation, actual fimiigation, and
postfumigation, the maximum optim.um fell below 80° F. Exactly

how much this maximum for any particular environment fell below
80° F. depended on the temperature of the other two; when any two

were low the maximum optimum for the third approximated 80°;

when they were high, however, the maximum for the third was a few

degrees less than 80°. In one case it did not exceed 75°. These

conclusions differ very little from the writer's experience in orchard

fumigation in southern California, for which 70° is held as the maxi-

mum when a heavy dosage is used. This same maximum is recom-

mended by Sasscer and Borden {16) for greenliouse plants. An
interesting relation apparently exists between the maximum opti-

mum temperature for fumigation and the activity of plants, for Mac-

Dougal {10) states that temperature is one of the most widely inter-

locking factors concerned in the activity of protoplasm, and that the

temperature of greatest activity in- seed plants varies from 80° to

100° F. The experimental work presented in this paper shows

increasing fumigation injury as the temperature of 80° is approached

or exceeded, which corresponds with the degree at which greatest

protoplasmic activity commences.

It is possible to conduct fumigation at temperatures of 80° F. or

above without serious injury provided the prefumigation and post-

fumigation conditions are ideal. A high postfumigation temperature

increases the probability of damage, and especially is this true if the

fumigation temperature is also above the optimum. The greatest

damage follows when all three temperatures surromiding the treat-

ment are high. A prefumigation temperature in shade and darkness,

even up to 100° F., appears to alter the results very little unless the

fumigation or postfumigation temperature is also high, in which case

the high prefumigation temperatures are more injurious than the loW.

The temperature of 55° F. was the minimum at which experimental

work was conducted. The little injury evidenced at this temperature

showed it to be withm the range of the optimum. In field work it

has been stated by the writer {19) that operations are safe as low as

38° F., although fumigation below this point is not advocated.

In experiments 24 to 27 it was shown that a sudden increase in

temperature immediately preceding or during the first few minutes

of exposure produces very severe injury, especially if followed by

sharp fluctuations of temperature. This factor offers a partial

explanation for the severe injury in sunshine fumigation on the sun-

ward side of the tree, especially toward the top, and also presents a
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reason for the less amount of injury in daylight fumigation with

liquid hydrocyanic acid. -This is shown by Table III, in which are

presented data giving the increase in temperature at different parts

of a 12-foot tree covered with a canvas tent, December 17, 1919.

Table III.

—

Rise in temperature at different points within a tented citrus tree in the

sunshine at varying periods following the covering. Thermometers placedfrom 6 to 10
inchesfrom the canvas.

Minules
after start.
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protoplasm passes into a state of immobility. Since the maximum
daily temperature of the Tulare citrus belt during the summer fre-

quently exceeds 100° F., the mean maximum for the hottest months
seldom falling more than 1° to 3° below this temperature, a reason for

reduced activity is presented.^ This condition is doubtless promoted
by the usual practice of withholdmg irrigation until after fumigation.

In the more equable, damper climate of the coastal region, where the

temperature very seldom attams a maximum of 100° F., but rather

approaches the optimum for protoplasmic activity, dormancy during

the summer is less noticeable and the physiologically active plants

are more subject to fumigation injury.

MOISTURE.

Moisture, even when present in excessive amounts, appears to

have no influence on injury to citrus trees either before, during, or

after the treatment, under conditions of shade or darkness, and this

conclusion agrees with the work of Gossard (7), Morrill (13), and

others. Under conditions of exposure to hot sunshine before fumi-

gation the application of cool water appears to reduce the degree of

injury slightly. These results on the relation of moisture to the

fumigation of citrus trees do not necessarily apply to tender green-

hojise plants, for moisture on such plants with thin cuticles has been

shown by various authors (11, 18) to produce increased injury.

Clayton (1), however, in a recent paper states that some species are

made more susceptible to injury by wetting the leaves while other

species are not visibly affected. He places the tomato in the latter

class although Moore found that wetting tomatoes as well as various

other plants with thin cuticle increased their susceptibility to injury.

The influence of soil moisture has been referred to in previous dis-

cussions and may be passed with the statement that soil moisture in

sufficient quantity to make plants physiologically very active and

tender renders plants more susceptible to fumigation injury than

where present only in such quantities as place the plants in a re-

sistant or hardened condition.

Hydrocyanic-acid gas has a great affinity for water, and under con-

ditions of excessive moisture sufficient gas might be absorbed to so

materially reduce the concentration that less injury would be pro-

duced than otherwise, and, furthermore, its insecticidal value would

be lessened. Where fumigation is conducted in gas-tight con-

tainers this condition can not be ignored, and the necessity of atten-

tion thereto has been clearly shown by Penny (IJf), and Sasscer and

Borden (16). In orchard work under cloth tents the absorption

of gas by moisture is offset by the greater gas-holding prop-

erties of the moist canvas.

2 Taken from published records of the U. S. Weather Bureau, which are lower than orchard sunshine
temjieratures.
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SUMMARY.

(!) It is necessary to consider the prefumigation and postfumi-

gation environments of fumigated plants as well as that during the

actual treatment.

(2) Sunshine is the chief prefumigation factor that increases

injury and this influence is greater at high temperatures than at low.

Under darkness or diffused light, temperatures upward to at least

100° F. do not appear to increase injury unless the fumigation or

postfumigation temperatures exceed 80° F.

(3) The environment after fumigation approximates in im-

portance that during the actual treatment. Of the postfumigation

factors both sunshine and temperature modify the degree of injury.

Sunshine, the more important, is most destructive to plants exposed

immediately after fumigation, but affects them deleteriously at least

two hours after the treatment. Temperatures of 80° F. or above

injure plants more severely than lower temperatures.

(4) The fumigation of citrus plants is most safely performed at

temperatures below 80° F.

(5) Diffused light before, during, or after fumigation exerts no

more deleterious influence than darkness.

(6) Moisture on citrus plants does not increase the degree of injury.

An application of cool water to plants in hot sunshine immediately

prior to fumigation appears to reduce slightly the effect of the gas.

(7) Sudden changes of temperature over a wide range during ex-

posure to hydrocyanic-acid gas tend greatly to increase plant injury.

(8) The optimum environment for safety to plants is diffused light

or darkness at uniform temperatures below 80° F. before, (lunng, and

after the fumigation. Tiie lowest temperature tried, 55° F., was
within the range of the optimum.

(9) Fumigation at temperatures upward of 80° F. is safest under
cool prefumigation and postfumigation environments. The maxi-

mum of injury follows high temperatures for all three environments.

(10) The physical and chemical conditions of the soil influence

injury from fumigation. Trees in a wet soil tend to be more severely

injured than healthy trees in a dry soil. However, trees in soils

deficient in moisture for such protracted periods as to be severely

weakened are more susceptible to injury than if grown under opti-

mum moisture conditions. Irrigation should follow fumigation, not

precede it.

(11) The physiological condition of plants is one of the most im-

portant factors regidating fumigation damage. A condition akin to

hardiness appeai-s to be the optimum for gas resistance and is brought

about by dryness of the soil, cold weather, and possibly by continued

very hot dry weather which exceeds the optimum for the plant.

(12) Sunshine fumigation can be conducted with safety by proper

regulation of the dosage and length of exposure.
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METHOD OF CONDUCTING REARING WORK.

The studies reported in this paper on the grape-berry moth

(Polychrosis v'deana Clem.) began in 1916 with the collection of

grapes which were infested with early hatching first-brood larva?.

These infested grapes were taken to the open-air insectary and

placed in cylindrical wire baskets which held from 1 to 1-| quarts

each. These baskets were placed in glass battery jars which had

been supplied with about one-half inch of sand in the bottom. This

sand absorbed the juice from the infested grapes and maintained a

fairly constant humidity in the jars. The jars were closed with

cloth covers.

Fresh grape leaves were placed in the battery jars in the sp^ce

between the wire baskets and the glass surface, and the larvae pupated

The data reported in this paper were accumulated during the seasons of 1916, 1917, and 1918. The ac-

tual rearing records were secured at Sandusky, Ohio, and the field observations were made in the grape

sections about Sandusky, including the Lake Erie islands, in Dover and Avon sections west of Cleveland,

and in the Euclid section east of Cleveland.

Control experiments based on these life-history studies were conducted each season and the satisfactory

control effected proved the value of such life-history data. The results of the control experiments are

published separately as U. S. Department of Agriculture Bulletin 837.

These investigations were conducted in cooperation with the Ohio Agricultiu-al Experiment Station.

During the season of 1916 the writer was assisted by E. R. Selkregg, then field assistant in the U. S. Bu-

reau of Entomology. Mr. Selkregg was in direct charge of the rearing work for 1916. In the seasons of

1917 and 1918 the wTiter was assisted by Chester I. Bliss, field assistant in the U. S. Bureau o f Entomology.

7678°—20 1
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in these leaves. The leaves bearing cocoons were removed each day
and fresh ones supplied. The cocoons were placed in small jelly

glasses until the moths emerged. The moths were removed each

day as the records were taken. To secure oviposition records when
the moths are confined several different methods have been tried

but all without satisfactory results.

Throughout this work the rearing records have been checked and
supplemented by extensive field observations and, except where
noted, represent as nearly the actual contUtions as it was possible to

approximate. Each table presented is to be considered complete in

itself and not dependent on any other table. Special methods for

the securing of any particular records are given with the records.

WEATHER CONDITIONS IN 1916, 1917, AND 1918.

Seasonal-history data sufficient for accurate timing of spray

applications were secured in 1916 and the other data secured were

incidental. The weather conditions in the season of 1916 were

about normal except for an unusually warm dry autumn. In 1917

the records are more complete, but represent an abnormally late and

wet season throughout. The fall was unusually cold and rainy and
considerably retarded the development of the second-brood larvae.

In 1918 berry-moth infestation was generally light throughout

northern Ohio and difficulty was experienced early in the season in

securing sufficient material for rearing records. The season of 1918

opened unseasonably early and remained advanced throughout.

SEASONAL-HISTORY STUDIES, 1916.

These studies began with the collection of early hatching first-

brood larvae in the vineyards. Vineyards known to have been

heavily infested in 1915 were searched carefully on June 1, 5, 10,

and 14, but not until June 20 was a larva found. At this time only

an occasional larva could be found and there was no general infesta-

tion of the grape cluster buds. Not until July 5 were larvae present

in the vineyards in any considerable number. Collections of larvge

were made frequently and regularly throughout the season, beginning

June 20.
FIRST GENERATION.

TIME OF FIRST-BROOD LARV^ LEAVING THE FRUIT.

Actual records began with the early hatching larvae leaving the

fruit. Table I shows the dates on which the first-brood larvae spun

their cocoons. The earliest date is seen to be June 28 and the latest

August 18, with the greatest number cocooning on July 21. It

seems worthy of note that a very large percentage, 81.35 per cent,

cocooned within the 12-day period from July 16 to July 27, inclusive.
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T/BLE I.— Time of leaving grapes of first-brood larvse of the grape-berry mc
Fruit collected at Venice, Pui-in-Bay, and Kelley's Island, Ohio.

3

in 1916.

Date of leaving fruit.
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Table III.— Time of emergence of moths of the first brood of the grape-berry moth at

Sandusky, Ohio, in 1916.

Date of emergence.
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OVIPOSITION OF FIRST-BROOD MOTHS.

The oviposition records were secured from some of the moths

recorded in Table III. The oviposition of a few of these moths is

shown in Table IV. No attempt was made to secure oviposition rec-

ords throughout the entire oviposition period. From observations

made in the vineyards during the season it was found that the

heaviest oviposition was in the period from about August 1 to 10.

Freshly deposited eggs were found in small numbers in the vineyards

as late as August 17, and eggs were being deposited in the insectary

as late as September 1.

Table IV.

—

Oviposition by first-brood moths of the grape-berry moth in rearing jars at

Sandusky, Ohio, in 1916.
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FEEDING PERIOD OP SECOND -BROOD LARV^ IN REARING CAGES.

Records from the date of hatching to the date of cocooning were

secured from 51 individuals as shown in Table VI.

Table VI.

—

Feeding -period of second-brood larvae of the grape-berry moth in rearing cages,

Sandusky, Ohio, 1916.

Date of hatching.
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The average length of the prcpupal period was 4.15 days, the

maxunum 7 days, and the minimum 3 days.

TIME OF COCOONING OF THE SECOND-BROOD LARYM.

In an effort to determine the percentage of worms normally re-

moved from the vineyards with the harvested grape crop the following

records were secured:

Table VIII.

—

Time of cocooning of the second brood of the (jrapc-berry moth at Sandusky,
Ohio, in 1916.

Date of cocooning.
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Table IX.— Time of emergence and sex ofmoths of the spring brood of the grape-berry

moth, Sandusky, Ohio, 1917.

Date ofemergence

Number of moths

§ Total

Mean
daily
tem-
pera-
ture.

Date of emer!;ence.

Number of moths.

9 1 § Total,

Mean
daily
tem-
perar
ture.

June 9.

.

June 10.

Jimel2.
June 13.

Jime 15.

June 16.

Jime 17.

June 18.

June 19.

Jime 20.

June 21.

June 22.

June 23.

June 24.

June 25.

June 2fj.

June 27.

June 28.
June 29.

June 30.

July 1..

July 2..

July 3..

July 4...

July 6. .

.

July 6...

July 7. .

,

July 8.

.

July 9...

1
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The blooming period of grapes from Jmic 21 to July 1 begins with

the bloom of the Ives variety, one of the varieties grown commercially

in the northern Ohio sections, and ends with the falling of bloom from

the Catawba variety, also a commercial variety of importance in the

sections studied. It is seen that less than 5 per cent of the total

emergence occurred before the beginning of bloom, 50 per cent in the

10-day period during bloom, 25 per cent in the next 10-day period,

and 21 per cent during the remainder of the season.

Fig. 2.—Diagram showing the time of emergence of sprmg-brood and flrst-brood moths of the grace-

berry moth at Sandusky, Ohio, 1917.

A rather close correlation is evident between the rate of emergence

and the daily mean temperatures.

PROPORTION OF REXES OF SPRING-BROOD MOTHS.

Table XI.

—

Proportion of sexes of spring moths of the grape-berry moth, Sandusky,
Ohio, 1917.

Sex of moths.
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PERCENTAGE OF EMERGENCE OF SPRING MOTHS.

Table XII.

—

Percentage of emergence of spring moths of the grape-berry moth from
hibernation under a leaf blanket in insectary yard, Sandusky, Ohio, 1917

.

Lot No.
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PLACE OF OVIPOSITION ON THE VINE.

It was found that a vine of the Clinton variety set in a row of

Concords was heavily oviposited upon before the Concord berries

were formed. For use in the spacing of spray nozzles for the set-

nozzle method of spraying, the place of oviposition on the vine

seemed important. The place of oviposition on this one vine by

the spring brood of moths was recorded and the data are presented

in Table XIV. The vine was trained according to the fan system

of grape training which is generally used for all varieties in the north-

ern Ohio sections. In the fan system the vine growth which is

trained to an upright trellis is annually renewed to within a short

distance of the ground. The vines are cut back usually to from 2 to

4 canes and as many spurs each year; the canes are spread out and

tied to the trellis obliquely, giving the shape of a fan.

Table XIV.

—

Place of oviposition on vine by spring moths of the grape-berry moth

under natural conditions in vineyard, Venice, Ohio, 1917.
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FIRST GENERATION.

INCUBATION PERIOD OF FIRST-BROOD EGGS.

Table XV.^—Incubation period of first-brood eggs of the grape-berry moth, Sandusky,
Ohio, 1917.

Date of oviposition.
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The average length of the feedhig period is seen to he 20.62 days,

the maximum 37 days, and the minimum 14 days. The records

extended throughout the regular hatching period, and therefore

reflect vineyard conditions closely.

LENGTH OF THE PREPUPAL PERIOD OF FIRST-BROOD INDIVIDUALS.

In Table XVII are given the dates of cocooning and the length of

the period from the time of spinning the cocoon until pupation for

individuals some of which were supplied with sprayed foliage and

others with unsprayed foliage.

Table XVII.

—

Time of cocooning and length of prepupal period of 231 individuals of
the first brood of the grape-berry moth, Sandusky, Ohio, 1917.

Foliage unsprayed

:

-kt x. »^ \ '
. Number of

Dates 01 cocooning

—

cocoons.

August 3 50

August 4 50

August 5 50

August 7 39

August 8 34

Foliage sprayed:

August 7 40

August 8 24

Dates of pupation.
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The data from Table XVII are summarized in Table XVIII. The
average length of the prepupal period was 1.77 days, the maximum
period 3 days, and the minimum 1 day, where unsprayed foliage was

supplied. Where the cocoons were formed on sprayed foliage the

average prepupal period was 2.9 days, the maximum 5 days, and

the minimum 1 day. The spray material apparently had a repellent

action, for in another experiment where both sprayed and unsprayed

foliage were equally accessible to larvee there were 226, or 63 per

cent, of the total number of cocoons formed on unsprayed leaves and

but 135, or 37 per cent, formed on sprayed leaves. Considerable

mortality can be attributed to cocooning on sprayed leaves, since

194 pupae were formed in 223 cocoons on unsprayed leaves, a mor-

tality of 13 per cent as compared with the individuals that cocooned

on sprayed leaves, where but 37 pupre were formed in 64 cocoons,

showing a mortality of 42 per cent.

TIME OF COCOONING OF FIRST-BROOD LARV^.

Table XIX.

—

Time of cocooning of 2,447 larvx of the first brood of the grape-berry moth,
Sandaskv, Ohio, 1917.

Date of cocooning.

July 19
July 20
July 21
July 22
July 23
July 24
July 25
July 26
July 27
July 28,

July 29
July 30
July 31,

Aug. 1.

Aug. 2.

Aug. 3.

Aug. 4.

Aug. 5.

Aug. 6.

Aug. 7.

Aug. 8.

Aug. 9.

Aug. 10,

Aug. 11,

Aug. 12,

Aug. 13,

Number
of

cocoons.

Mean
daily

temper-
ature.

Date of cocooning.

Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Sept.
Sept.
Sept.
Sept.
Sept.

Number
of

cocoons.

daily
temper-

In Table XIX are given the complete records of cocooning for the

first-brood larvae. Cocooning began on July 19 and continued until

September 8 with a distinctly high period from July 30 until August 8.

The correlation with temperature is of interest, showmg that as the

mean temperature dropped below 70° F. there was a drop in the rate

of cocooning.
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LENGTH OF PUPAL STAGE OF FIRST-BROOD PUP^.

Table XX.

—

Time of cocooning and length of pupal stage of 90 individuals of the first-

brood pupae of the grape-berry moth, Sandusky, Ohio, 1917.

UNSPRAYED FOLIAGE FOR OOCOONINC.
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maximum, and 6 the minimum. On sprayed foliage males were in

the cocoons 16.82 days as the average with 20 days as the maximum
and 16 days the minimum period. Females were in the cocoons an

average of 17.06 days with 27 days as the maximum and 13 days the

minimum.

Table XXI.

—

Length of time in cocoon of 1,318 individuals of the first brood of the

grape-berry moth, Sandusky, Ohio, 1917.

Sex of moths.
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of the first-brood moths began before the spring brood emergence

ended. This means that moths were emerging practically from

grape bloom until grape harvest; the majority of all emergence,

however, occm-red in two well-defined periods, as shown graphically

in figure 2,

PROPORTION OF SEXES OF FIRST-BROOD MOTHS.

Table XXIU.—Proportion of sexes of first-brood moths of the grape-berry moth,

Sanduslij, Ohio, 1917.

Sex of moths.
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TIME OF COCOONING OF SECOND-BROOD LARV^.

The dates on which larvae were leaving the grapes and spinning

cocoons are shown in detail in Table XXV.

Table XXV.

—

Time of cocooning and number of cocoons of the second brood of the

grape-berry moth, Sandusky, Ohio, 1917.
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Table XXV.

—

Time of cocooning and number of cocoons of the second brood of the

grape-berry moth, Sandusky, Ohio, 1917—Continued.
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Table XXV.

—

Tirn-e of cocooning and number of cocoons of the second brood of the

grape-berry moth, Sandusky, Ohio, 1917—Continued.
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Table XXV.

—

Time of cocooning and number of cocoons of the second brood of
grape-berry moth, Sandusky, Ohio, 1917—Continued.
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Table XXV.

—

Time of cocooning and number of cocoons of the second brood of the

grape-berry moth, Sandusky, Ohio, 1917—Continued.



GRAPE-BERRY MOTH IN NORTHERN OHIO. 23

number of larvae were thus removed occurred to the writer, but an

estimate of one-third would be conservative. This had a decided

influence on the number of overwintering pupse and subsequent

infestation in 1918.

Table XXVI.

—

Percentage of cocooning frevioua to and during grape harvest, Sandusky,
Ohio, 1917.

Date.
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SEASONAL-HISTORY STUDIES, 1918.

SPRING BROOD.

TIME OF EMERGENCE AND SEX OF MOTHS OF THE SSRING BROOD.

Table XXVII shows the dates of emergence of spring-brood moths
and the number of each sex that emerged each day.

Tabi E XXVII.— Time of emergence and sex of moths of the spring brood of the grape-
herry moth, Sandusky, Ohio, 1918.

Date of
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PERCENTAGE OF EMERGENCE OF SPRING MOTHS.
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The overwintering material was collected and kept under the same

conditions as that of the previous winter. The percentage of emer-

g(Mice was slightly liigher hut still indicating a high rate of mortality.

Table XXIX.

—

Percentage of emergence of spring moths of the grape-berry moth, San-
dusky, Ohio, 1918.

Source of material.
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FIRST GENERATION.

TIME OF COCOONING AND LENGTH OF TIME IN THE COCOON OF FIRST-
BROOD INDIVIDUALS.

Table XXX.

—

Time of cocooning and length of time 4^^ cocoon of the first brood of
the grape-berry moth, Sandusky, Ohio, 1918.
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not show as well defined a high period as usually exists; the com-
parative dearth of rearing material is thought to account for this

condition.

TIME OF EMERGENCE AND SEX OF FIRST-BROOD MOTHS.

The dates of emergence and number of moths are shown in Table
XXXI and in graph in figure 5. Attention is directed to the rise in

emergence on August 4 and 5 and then the sudden drop without
another high point until August 20. The writer accounts for this,

partly by a comparable drop in the cocooning in the period previous

Fig. 5.—Diagram showing dates of emergence and number of moths of the grape-berry moth at Sandusky,

and partly by an actual killing of the pupse by excessive heat that
prevailed on August 5 to 8. On August 5 the official Weather Bureau
records showed a maximum temperature of 94° F., on the 6th 105°,

on the 7th 100°, and on the 8th 97°. T^lien emergence dropped
off suddenly on August 6 and 7 examination of the pupae then about
to transform to moths showed considerable mortahty. Extensive
records could not be taken without destroying the material that
was to serve for further hfe-history studies.
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Table XXXI.— Time of emergence and sex of first-brood moths of the grape-berry moth,
Sandusky, Ohio, 1918.

Date of
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Table XXXIII.

—

Number of transforming and overrointering individuals of the first

brood of the grape-berry moth, Sandusky, Ohio, 1918.
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Table XXXV.— Time of cocooning and number of cocoons of the grape-berry moth,
Sandmky, Ohio, 1918.
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Table XXXV.

—

Time of cocooning and number of cocoons of the grape-berry moth,
Sandusky, Ohio, 1918—Continued.
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Cocooning began as early as August 15 and continued until

October 31.

PERCENTAGE OF COCOONING PREVIOUS TO AND DURING GRAPE
HARVEST.

Table XXXVI.

—

Percentage of cocooning previous to and during grape harvest, San-
dusky, Ohio, 1918.

Time.
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MATING.

Mating was observed but once, this in the insectary on July 10,

1917, at 2.45 p. m. The moths emerged the day previous and the

jar contained 4 males and 10 females with a sprig from a grapevine

bearing a grape leaf and cluster. The moths were on the bottom of

the jar, not mounted, but with their bodies in opposite directions, the

posterior parts touching.
OVIPOSITION.

The following observations on oviposition were made in a heavily

infested part of a large vineyard on June 30, 1917. Oviposition

began about sundown or 6.30 p. m. When the moths first appeared

they fluttered nervously about the vines, alighting seemingly at

random, generally upon clusters, though often upon stems or leaves.

Upon finding a cluster a moth would walk rapidly about upon a

grape berry, covering practically the enthe surface. Finally becom-

ing quiet she would flex the abdomen until its tip touched the berry.

During the process the abdomen twitched or shook slightly but the

tip was at no time lifted and then replaced. The deposition of the

egg required less than a minute's time but was not instantaneous.

Upon completion of the deposition of a single egg the moth usually

flew nervously away from the cluster. The following exception

occurred among four depositions observed. A moth alighted upon a

grape and oviposited immediately without any preliminary inspec-

tion and upon completion walked directly onto the next gi-ape in the

same cluster and repeated the operation.

The spring brood of moths deposits a considerable percentage of

the eggs near the attachment of the grape to the cluster, and the

first-brood moths seem frequently to select a place on the imderside

of the cluster, away from the light.

Repeated observation has shown that the moths discriminate

between sprayed and unsprayed grapes as places for oviposition.

This was most marked in one experimental vineyard in 1916. Four

rows had been left unsprayed and the adjoining rows sprayed, with

the exception of the side of one row next to the checks. This row was

thoroughly sprayed from one side by the trailer method and the grape

clusters well covered on that side. About a third of the surface of the

clusters remained unsprayed and deposition by first-brood moths
was apparently as heavy on this unsprayed surface as on the adjoin-

ing check rows, whereas practically no eggs were deposited on the

sprayed side of the same clusters. This observation led to continued

study on the same point and it was substantiated repeatedly during

the investigations. That eggs are deposited to some extent on the

sprayed surface has been shown by infestation of sprayed plats.

That early blooming varieties of grapes are more heavily infested

than mid-season varieties has been known generally among grape
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growers. During these investigations the writer has been led to

believe that the moths normally prefer to deposit their eggs on the

formed grapes rather than on the unopened buds. This was strik-

ingly shown in the case of the Clinton vine on which oviposition

records were taken for Table XIV. On this single Clinton vine, growing

in a row of the Concord variety with the Ives variety close by, were

994 grapes bearing eggs on June 29. Subsequently 630 more eggs

were recorded on this one vine. Careful search was made on adjoining

vines of the other varieties and not until the grapes were well formed

could eggs be found, whereas heavy oviposition continued on the Clin-

ton vine. Repeatedly vines of the Shrides variety, the earliest of any

to bloom in northern Ohio, have been heavily infested with larvae

when adjoining vines of the Concord and Catawba varieties bore no

eggs and were not infested. This condition also prevailed where

several rows of the Clinton or other early blooming varieties paralleled

rows of the later blooming varieties. In years of heavy infestation

it is advisable to spray the early blooming varieties earlier than the

midseason varieties.
EGG.

A single observation was made on the issuance of the larva from

the egg, on August 9, 1916. When fu*st observed, the head of the

larva was just through the eggshell and 2 J minutes more were required

for the larva to free itself entirely from the shell. The larva did not

consume the empty eggshell.
LARVA.

Mention is often made of the habit of the first-brood larvae to web

the young grape clusters before or during bloom. In but one instance

during three seasons has the ^^Titer seen these webbed clusters in the

grapes of the mid-season blooming period. Webbing frequently

occm-s in the Delaware variety which is in full bloom a few days

after the Concords and just at the time when the spring-brood moths

are emerging in large numbers, as shown in figures 2 and 4, This same

condition exists with the Norton variety, which blooms very late.

The grape-berry moth larvae occasionally feed on grape leaves in

the rearing cages even when grapes are present, and in at least one

case a larva developed from about one-half size to maturity by feeding

in this way.

LARV^ FEEDING ON PHYLLOXERA GALLS.

On August 25, 1916, and again on October 2, 1917, vines of the

Clinton variety of grape v/ere observed which were heavily infested

by the leaf form of the grape phylloxera. Examination of the

phylloxera galls showed that they had been eaten into and in some

cases much of the gall actually consumed. On these same leaves

Vv-ith the galls were thin white silken webs containing larvae which
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closely resembled the grape-berry moth larva\ A quantity of the

leaves were collected on August 25, 1916, and placed in battery jars

containing no other food for the larvae. The larva' at the time of

collection varied from less than half-grown to nearly mature speci-

mens. The leaves ch-ied out but the larvae completed their feeding

and cocooned in the leaves, a total of 79 cocoons being secured.

Pupae from this material were identified by August Busck of the

U. S. Bureau of Entomology as Polychrosis viteana Clem. The pupae

were kept over winter under outdoor conditions and 12 moths emerged

the following spring. In a single instance an empty eggshell was

found on the under surface of the leaves close to a phylloxera gall.

In the observation made on October 2, 1917, about 1 leaf in 5 had the

web formed by the larvae which were feeding on the galls. In no

case could it be definitely determined whether the phylloxera in the

galls were consumed with the gall tissue. No leaf feeding other than

on the galls occurred with the larvas under observation.

CANNIBALISM AMONG GRAPE-BERRY MOTH LARV^.

To determine if the larvae would be cannibalistic with a restricted

food supply the following experiment was conducted: From field-

collected second-brood larvae, 40 between 4 and 7 mm, in length

were taken and divided into two lots of 20 each on September 14, 1917.

One lot was placed in a jar with 20 grapes and the other lot was
similarly placed with but 5 grapes. Grape leaves were provided in

both jars for pupation of the larvae. On November 22 the following

results were recorded: In the lot where 20 grapes were provided, 15

cocoons had been formed and 2 full-grown live larvae were present.

Considerable substance remained in the grapes. Careful search for

the other 3 individuals failed to locate them. In the lot where but

5 grapes were supplied, 5 cocoons had been formed, 2 dead and 2 live

larvae were present, or a total of 9 accounted for. A careful search

was made for the head shields of the other 11 larvae but they were

not to be found. All the pulp from aU the grapes had been consumed.

From this single experiment it appears that cannibalism exists

among the larvae when the food supply is restricted and may occur

even with sufficient food present for all.

LARV^ NOT KILLED BY LOW TEMPERATURES.

The resistance of grape-berry moth pupae to severe winter condi-

tions has been noted. On October 30, 1917, a severe freeze occurred

in northern Ohio, sufficient to freeze Concord and Catawba grapes.

The lowest temperature recorded at the Sandusky station of the

United States Weather Bureau on October 30 was 25° F., 26° on

October 31 and November 1, and 28° on November 2. When
recording the results of spraying experiments at Put-in-Bay, Ohio,
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on November 5, and at Kelleys Island, Ohio, on November 7, live

larvae were plentiful in the grapes and no case was fomid where the

larvae had been killed by the freeze. In the insectary at Sandusky
after a minimum temperature of 23° F. had been recorded, larvae con-

tinued to leave the grapes and spin cocoons. Live larvae persisted

in the insectary on December 3, 1917, after a minimum temperature

of 17° F. had been recorded.

LARVA SPINNING ITS COCOON.

On July 9, 1916, a first-brood larva was observed making its

cocoon. When first observed the characteristic flap had been cut

in the leaf but was not folded. The process observed was the turning

over and tying down of the flap. The larva began at one end and by
rapid movements of its head from the free edge of the flap to its

place of attachment it gradually drew the flap over, the body of the

larva resting on the flap, and eventually inclosed in it. The entire

process observed occupied 35 minutes.

PARASITISM.

Considering the large numbers of individuals observed during

these investigations the total amomit of parasitism was very low,

particularly among first-brood pupae taken for the following emer-

gence records.

That some parasitism of first-brood pupae occurred is shown in

Table XXXVII.

Table XXXVII.
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were parasitized. The parasite was not determined but was thought

to be the same as recorded by Johnson and Hammar' at North East,

Pa., in 1906, Trichogramma pretiosa Riley.

SUMMARY.

The present account of the life history of the grape-berry moth in

northern Ohio is based upon a series of studies made in 1916, 1917,

and 1918.

In the course of a year the grape-berry moth in northern Ohio

produces one full brood and a partial second, the second brood of

larvae being much larger and more destructive than the first.

The grape-berry moth passes the winter in the pupal stage in

cocoons in old grape leaves under the grape trellis. Under a leaf

blanket approximating conditions in a protected part of a vineyard

the mortaUty among the pupae was 80 per cent during the winter of

1916-17 and 76 per cent during the winter of 1917-18.

The first moths emerge in the spring about 10 days before grapes

begin to bloom but emerge in greatest numbers during and inmie-

diately following the period of grape bloom. In 1917 but 4 per

cent emerged previous to bloom, 50 per cent during grape bloom, 25

per cent in the 10-day period following bloom, and the remaining 21

per cent later in the season. Moths begin ovipositing about 4 days

after emergence and the eggs hatch in from 3 to 10 days, with 5 days

as the average length of the egg stage.

The first-brood larvse feed in the young grapes for a period of from

14 to 37 days, and the average length of the feeding period was 20.6

days in 1917. At the end of the feeding period the larvae leave the

grapes and go to tender grape leaves on the vines in which they spin

their cocoons. The prepupal period lasted for from 1 to 3 days and
averaged 1.77 days with the first brood in 1917, and lasted for from
3 to 7 days and averaged 4.15 days with the second brood in 1916.

The pupal period varied from 11 to 16 days and averaged 13 days

for first-brood pupae in 1917. The total period in the cocoon varied

from 6 to 32 days with an average period of 15 days.

The life cycle of the first generation in 1917, taken as a total of the

average length of the separate stages, was 39.79 days. The total of

the maximums was 76 days and of the minimums 23 days.

The incubation period of second-brood eggs varied from 4 to 10

days with 5.1 days as the average period. The feeding period of

second-brood larvae was from 16 to 36 days and averaged 24.18 days

in 1916. All other records have given this period as about 40 days

which is probably nearer the average condition than the figures

presented here.

1 Johnson, Fred, and Hammar, A. G. The grape-berry moth. U. S. Dept. Agr., Bur. Ent. Bui. 116,

pt. II, p. 39. 1912.
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Second-brood larvae begin to leave the fruit early in the fall,

August 22, 1916, August 15, 1918, September 7, 1917, but leave in

greatest numbers just previous to and during the early part of the

harvest season. In 1916, 77 per cent of the larvae left the fruit

previous to the beginning of the Concord harvest and 90 per cent

previous to the beginning of the Catawba harvest. In 1917 corre-

sponding figures were 56 per cent and 94 per cent.

In each brood of moths the females occur in much larger number

than the males, the proportions being 21 per cent males, 79 per cent

females in the spring brood, 1917 ; 18 per cent males, 82 per cent females

in the summer brood, 1917; 25 per cent males, 75 per cent females

in the spring of 1918; and 21 per cent males and 79 per cent females

in the summer brood of 1918. A small part of the first-brood larvae

do not transform to moths the same season but hibernate and emerge

as moths^the following spring. In 1918 this amounted to 5.9 per cent

of the total number recorded. Of the same lot of larvae but 1.4 per

cent were parasitized.

Mating and egg deposition were observed during these investiga-

tions. The habit of the grape-berry moth larvae of feeding on grape

leaf g'-Jls formed by the grapevine phylloxera was noted. Extreme

resistance of the larvae to low temperature was also noted, live larvae

persisting after a minimum temperature of 17° F. had occurred.

Parasitism was very low and of little consequence as a control during

these investigations.

Control measures recommended are cultural methods which wiU

leave the overwintering pupae exposed to the elements as much as

possible. Satisfactory control was effected by two spray applica-

tions by the "trailer" or hand method of spraying. The first appli-

cation should be made 3 to 5 days after the young grapes set and the

second when the grapes first touch in the clusters.
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INTRODUCTION.

A small greenish caterpillar, about three-fourths of an inch long

when mature, and known as the red-banded leaf-roller,' attacks the

foliage of beans, sweet potato, asparagus, strawberry, raspberry,

and various other crops, and at times attracts considerable attention.

Such was the case in October, 1919, when the species was abundant
in and near the District of Columbia.

October 9, 1919, the writer, in company with W. H. White, Bureau
of Entomology, noted that the foliage of sweet potato at College

Park, Md., showed considerable injury near the petioles or leaf-

stems manifested by large, irregular, more or less elongate holes

between the ribs. Some of these were made by a leaf-miner and had
been cut out earlier in the season, but many were the work of this

leaf-roller which had tied or joined the leaves in different manmrs.
In some cases the leaves were folded between the midrib and the

next rib, and the larva had gouged out a hole about twice this length

and half the width. Where the leaves were joined the surface at one

end was lined with silk. In many cases the larva joined the leaves

near the middle of one side and cut out a similar hole, constructing

its tent-like shelter at one end.

A very considerable proportion of the top leaves had been attacked

by this species and the leaf-miner, but at the time these observations

were made there were many more parasites and parasitic cocoons pres-

ent on the leaves than larvae.

^Eulia velutinana Walk.

10299°—20

family Tortricidae, order Lepidoptera.
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October 27, 28, and 31, 1919, Miss Marion T. Van Horn collected

this leaf-roller in war gardens at Potomac Park in the District of

Columbia on sweet potato and on lima and other beans. The leaf-

rollers were found in particular abundance where sweet potato and

bean vines grew together. Half a dozen or more larvae were fre-

quently found in a hill, while many rolled and webbed leaves proved

that the larvae had been quite plentiful earlier in the season.

It was noted that toward the end of October and the early days of

November the larvae rolled the leaves froni the sides and from the

ends, making a more substantial shelter than when they were imma-

ture, and lined it with white silk preparatory to pupation.

The fact is noteworthy that this species was more numerous on

sweet potato and beans in 1919 than in previous years, the first being

an unrecorded food plant. In former years this species has some-

times occurred in raspberry quite as abundantly as the strawberry

leaf-roller {Ancylis corn ptroia Froehl.).

DESCRIPTIVE.

THE MOTH.

The moth which^oroduces the red-banded leaf-roller is a small,

mottled brown form with the fore-wings having an expanse of be-

tween a little more than half to nearly three-fourths of an inch

(13 to 19 mm.). The pattern of the fore-wings varies to a consider-

able extent. In the female there is a large, median, dark reddish-

brown band running obliquel}^ from the middle of the costa to the

tornus, a subapical, irregular, smaller one, and a third postero-basal

l^atch of the same color. The lighter parts of the Avings are pale

reddish brown, arranged in irregular bands with borders of pale

yellow and silver white. The hind-wings are infuscated, with wide

white borders and an inner ciliary line. The abdomen is dark gray

and the tufts of the head and thorax are reddish brown.

The females are usually considerably larger than the males, with

rather more distinct and larger patterns.

The female moth is shown in figure 1 with expanded wings at «,

and in natural position, when at rest with the wings folded, at h.

Technical descriptions have been given in so many available publi-

cations that a more complete one than here given may be dispensed

with for the present purpose. The synonymy is as follows

:

Eulia velutinana Walker.

Cacoccia (f) velutinana \Yn\kei\ 1863. Li.st Lep. Brit. Mm., p. VA4.

Cacoccia triferana Walker, 1S63, 1. c, p. 314.

;

Tortrix incertana Clemens, 1865, Proc. Eiit. Soc. Philu., v. 5, p. 138.

,
Tortrix lutosana Clemens, 1865, 1. c. p. 138.

Lophoderus triferanus Walker. Walsingliam, 1879, I^ep. Het. Brit,

Mus., pt. IV, p. 15.

Eulia triferana Walker.
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THE EGG.

The eggs resemble those of other leaf-rolling species of Tortri-

cidae. They are much flattened to the surface upon which they are

deposited, and to which they tightly adhere, are scale-like in appear-

ance, and overlap, are very pale dull-yellowish in color, the surface

finely granulate and moderately shining. The length is about 0.8

mm. to 0.85 mm. (0.03 inch) and the width 0.7 mm.

THE LARVA.

The larva is slioAvn in figure 1, c. It suggests at first glance

Epagoge suJfiireana Clem., with which it agrees in many respects. It

is, however, larger and readily distinguishable by the lighter and

more nearly uniform color of the head and thoracic plate; the head

is perceptibly yellowish or light brownish in life but the plate

can scarcely be distinguished from the general color of the body.

The two lobes are

closely joined at

the middle, being

separated by a very

n a r r o y\ strip of

lighter color. The
two lateral pilifer-

ous spots below the

thoracic plate are

pale. In Dichelia,

on the other hand,

the head and tho-

racic plates and lat-

eral thoracic spots

are a decided
brown, the latter

m.argin.

The form is elongate cylindrical, about 8 or 9 times as long as wide
when extended. The piliferous tubercles are larger and more promi-

nent, but in their arrangement as well as in the vestiture itself they

are very like Epagoge.

The entire surface of the body except the head is in life a rather

pale grass-green much mixed with yellow, the dorsal surface being a

little lighter and the head less greenish and tinged lightly with

brown. In alcohol the dorsal surface, including head and thorax,

becomes pale yellow, except at the sutures, where the remaining white

color of the body is visible. Partially grown larvse (8 mm. long)

are uniform pale green.

The thoracic legs are just perceptibly darker, as a rule, than the

abdomen, and the apices of the tarsi are infuscated.

(;. 1.—Red-biindecl leaf-roller (Eiilia rchttinana) : a. Fe-

male moth ; b, moth with wings folded at rest ; c, larva,

dorsal view ; d, pupa, lateral view ; e. tip of abdomen of

pupa, showing
natural size

;

abdominal hooks

, more enlarged.

-d. About three times

well chitinized and with a darker posterior
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The form is less flattened than in Dichelia, otherwise the shape of

the body and of the head, thorax, and legs is very similar. The last

segment is of the appearance shown in figure 2 at c, the anal plate

presenting no special characters worthy of notice, although the ex-

treme apex is remarkable on account of the comb-like process, con-

sisting of 6 spines, with which it is armed.

The length of the largest full-grown larva is about 0.7 inch (18

to 19 mm.) ; the width, 0.8 inch (2 to 2.2 mm.). Some larvae are

considerably smaller.

The head and first and second thoracic segments are shown from

above, much enlarged, in

figure 2, a. Figure 2, &,

shows an abdominal seg-

ment with proleg from

the side.

The pupa appears still

more like that of Epa-

goge sulfureana. Jt is a

little stouter on the aver-

age, the greatest width

being across the wing-

pads. (See fig. 1, d.)

The last ventral seg-

ment, shown from be-
iioad and first two j^^ r^ . e), also bears
Ty, third abdominal v o 7 / :

bdominai segment, a pair of lateral and two

pairs of terminal hooked

left, a, b, c, Much processcs as in Epagoge

(eight in all).

The length is about 0.4 inch (8 to 10 mm.), the width is about 0.1

inch (2.2 to 3 nmi.).

DISTRIBUTION.

Eulia velutina7ia is native to this country, and has been known for

a considerable number of years from Maine to Texas.

It is well established in the Transition Life Zone and available rec-

ords show greater abundance there and in the northern portion of the

Upper Austral, although it is to be found also in the Lower Austral.

Possibly it has been introduced into California through commerce

with the East. (See map, fig. 3.)

Pig. 2.—Red-banded leaf-roller : a

thoracic segments, dorsal view

segment, lateral view ; c, last

from above, showing anal plate and comblike tip ; d

sprig of asparagus showing web of larva and chrys-

alis working its way out of web
enlarged ; d, somewhat enlarged
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INJURIES AND OCCURRENCES.

The records of the Bureau of Kntomolo<^y show a wide diversity

in larval food habits. The earliest are those of Dr. C. Y. Riley made
at St. Louis, Mo., or in that vicinity. The rearing of this insect on

grapes was noted July 28, 1870, and the issuance of the moth from
larvte found on raspberry was noted August 4, 1876.

June 11, 1879, pupoe were found rolled up in the leaves of red clover,

from which the moths emerged June 13. June 23 another moth
issued from larva? feeding on clover June 10, and the following day

an additional specimen issued from a larva feeding on white clover.

August 11 a moth was reared from a pupa found spun up on a leaf

of ajiple August 7. October 12 the larva was found on aspen and
the moth issued December 10.

Fig. 3.—Distribution of the red-banded leaf-roller.

June 15, 1882, the moth was reared from larva; found on apple in

the District of Columbia.

Moths were reared June 7, 1885, from larva; taken on Solidago.

June 12, 1886, the moth was reared from larvae taken on roses, and
on July 27 from others taken on privet and on willow. There is also

a note on the rearing of this species June 7, 1886, from the galls of a

species of Phylloxera.

This species was reared by Mr. Albert Koebele at Los Angeles

County, Calif., from material found on the leaves of orange, April

24, 1888 ; and on July 26, 1893, specimens were received from Mr. J. G.

Barlow, Cadet, Mo., with the report that the larvae were found boring

in the tips of chrysanthemums.

August 13, 1897, the moth was reared from larvae which had been

feeding on violet in the District of Columbia.
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There are also three notes on specimens collected by Miss Mary E.

Miirtfeldt, presumably at her home at Kirkwoocl, Mo., recordinji; the

occurrence of the larvae on lobelia, smaitweed, and asparagus.

May 15, 1898, isolated individuals in the larval stage were observed

on the twisted-up leaves contiguous to immature buds of blackberry

at River View, Md., the buds having been eaten into in many cases

and prevented from blooming. During July larvae were observed in

considerable abundance at Marshall Hall, Md., also on blackberry

and on the webbed-up leaves of pigweed {Amaranthus retrofe.rus).

Moths issued August 9 and 10.

July 14 to 25, 1899, larvse were found at Alexandria, Va., by Mr.

T. A. Keleher, Bureau of Entomology, on cabbage, raspberry, and

cultivated honeysuckle. Moths began to issue July 31. September

26 the larva was received with the information that the material had

been obtained from Mr. C. H. Stuart, Newark, X. Y., and that the

species was infesting popcorn. Mr. Stuart made the statement that

27 per cent of the ears of popcorn were infested, and that 37 per cent

of the corn on each infested ear were destroyed by this caterpillar,

an unusual instance of injury.

During the latter part of May and early June the moths of this

species were several times observed in the field, and June 13 the moths

were seen at rest upon cabbage and rhubarb. On the former plant

a deserted pupal skin was found on the under surface of the leaf

directly below the point where the moth had been resting, and the

midrib was found to have been eaten to the extent of 6 or 8 inches

along both sides. Subsequently other cabbage plants were found

to have been similarly affected, and a pupa was found in one of

these from which the moth afterwards issued.

October 5 larvae were observed on celery at Washington, D. C, and

later the same species was found at work on celery and still more

abundantly on asparagus at Brookland, D. C. Later it was observed

on parsley, strawberry, and raspberry at Cabin John, Md., and on

})otted geranium at Washington, D. C. On celery and parsley

the larvae were apparently less abundant, as on these plants they

are more difficult to see without close scrutiny, since they web

up the leaves very neatly and in such a manner as not readily to

attract attention. On asparagus, however, the webs are quite notice-

able and could be seen at some little distance. In the formation of

their temporary homes, the larvae use an abundance of silk, often

distorting the asparagus stems by drawing them together.

In every instance above mentioned the adults were reared from

the material obtained.

In the manner of their attack the larvae of this species do not differ

markedly from those of the sulphur leaf-roller. In work upon corn

the young blades are either folded lengthwise so as to form a cylin-

drical case or simply rolled up as are all other plants when attacked.
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This moth Avas leared Decemhor 'M. 1908. from hirviv found on cab-

bafre by E. X. Burke, Macon, (Ja. The same date the moth was
reared from hrrvae found on okra in the District of Columbia.

The species was found in great abundance on asparagus in the

District of Columbia in the latter days of September, 1904, the larva?

at this time being full grown or nearly so. Many deserted nests

were also found, as well as the usual number of s})ider nests, which

so closely resemble those made by the leaf-roller.

Beginning March 23, 1907, the adults of this species issued from

foliage of elderberry collected at Arlington, Ya., September 8. 190G.

During the last week of October, 1907, Mr. C. H. Popenoe, Bureau

of Entomology, observed specimens of this green larva Avorking on

species of ground-cherry (Physalis) at Arlington, Va.

The following year he observed the larvae at Topeka, Kans., work-

ing in the tips of ripe ears of sweet corn under the husk, lining the

tunnels with silk.

Most of the foregoing records were made from observations of the

writer and his associates in the Bureau of Entomology, and there

are also some others which need not be mentioned in detail. These

include the finding of the larvae working on zinnia, syringa, hollyhock,

snowball, and magnolia. There is also record of attack to catalpa

at Welch, AV. Va.

BIOLOGIC NOTES.

The larvae taken on asparagus by Miss Murtfeldt were found

October, 1882, and the moths of this lot issued February 21,-1883.

In the writer's recent experience with this insect in the neighbor-

hood of Washington, D. C. nearly all of the larvae that were obtained

in the autumn were approaching maturity during the first week
of October, and some had formed their Avebs for pupation by the

middle of that month. By the close of the month all the individuals

observed had transformed to pupae, the moths beginning to issue

January 23 and continuing until March 22. In every case that came
under observation pupation took place within the larval web or in

another close to the place where the larva had been feeding.

The moths kept under unnatural conditions in a warm room issued

in January.

A larva obtained from Newark, N. Y., previously mentioned, be-

gan forming its cocoon September 28, and the following day ap-

peared to have finished, but further observation showed that it had
not entirely completed it, since more silk was added apparently

from day to day. It Avas noted that the larva, before transforming

to pupa, cut out a round hole of about the same size or a little

larger than the pupa itself. Transformation to this stage took place

tlie first Aveek in October, the moth issuing in January, having been
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kept with others in a warm room. There is a singuhvr agreement

in the times of pupation and issuance of the specimens at Washing-
ton and in Missouri, and of the one individual observed from New-
ark, N. Y.

In the District of Columbia, and probably elsewhere as well,

hibernation takes place exclusively in the pupal state.

From the facts that larvBe have been observed in the open on May
15, that pupa? have been found as early as the second week in June,

and that moths have issued during the third week, it was readily

surmised that the m^oths wdiich have hibernated as pupa3 appeal*, some

time in April and lay eggs for the first generation. Tlie m.oth was
collected during the latter days of April in 1900.

The moths from the first new generation emerge for the most part

during the second and third weeks of June, and of the next generation

the last of July and the first two weeks of August, the third genera-

tion developing in October and early November and wintering as

previously mentioned.

It seems to be fairly certain that there are at least two, and prob-

ably three generations annually in a climate like that of the District

of Columbia and Missouri, and probably no more than two in a more
northern latitude like that of the New England States.

From a female captured June 14, eggs were obtained in two masses

of about 45 and 65 respectively upon the two following days, and the

larvae hatched in 11 days. The weather was rather cooler than sea-

sonable during this time. A portion of the eggs were placed in a

large rearing jar with growing strawberry plants, and the imago

obtained July 23, the larval and pupal stages having been passed in

28 days. The weather was extremely hot (80° to 90° F. indoors) dur-

ing the latter portion of this period, and the pupal stage must have

been about 6 days, which would give 22 days or about 3 weeks as the

larval period.

Of the larvae which were collected in the vicinity of the District of

Columbia in October, 1919, all had transformed to pupae by the mid-

dle of November and the first moth issued April 15 of the following

year, others continuing to issue for a few days thereafter. April 19

an imago was captured at light in the open.

It will thus be seen that the pupal or resting stage of this species

for the District of Columbia and vicinity is an even 5 months, leaving

7 months for the active or working periods of the species.

HISTORY OF THE SPECIES.

The species was given its specific name in 1863 by Walker {!)%

who described it under the name of Cacoecia ( ? ) velutinana.

- Italic figures in parentheses refer to " Literature cited," p. 13-



THE RED-BANDED LEAF-ROLLER. 9

C . triferann^ described at the same time, is now considered a synonym,
the former name havino; been ^\\%n to the male, the latter to the

female. In 1865 it was again described as new by Clemens {2) as

Tortrlx incertana. Four years later it was redescribed under the

same name by Robinson (o, /;. 278). With this last description illus-

trations of both sexes were furnished.

In 1870 our first account of the habits of this leaf-roller was pub-

lished by Dr. A. S. Packard (4, p. Ifi). It is mentioned as the red-

banded cranberry Tortrix or " cranberry worm " and is treated in

connection with insects affecting the cranberry in Massachusetts,

the account including a description of the adult and a short descrip-

tion of the pupa. This paper was republished in later years (5, 6) .

In Dr. C. H. Fernald's catalogue of the Tortricidse, published in

1882-83 ('/, p. 15)^ some new localities are added for the species and
several new food plants, the latter on the authority of Miss Murt-

feldt. Besides cranberry the list includes elm, soft maple, oak, apple,

rose, beans, and Gnaphalium polycepJialum.

It was not until 1885 that any extensive account of the insect was
published. This was by Dr. S. A. Forbes ('9) and is in connection

with insects found attacking corn in Illinois. Strawberry and clover

are added to the list of food plants.

in 1890, Mr. F. M. Webster {10) included this species in a list of

insects observed at Lafayette, Inch, affecting salsify. The same year

Packard {11) wrote again concerning this insect. The following

year Prof. Lawrence Bruner (i^, p. £67) mentioned this species

briefly in an account of corn insects.

In 1893 Miss M. E. Murtfeldt (13) referred to this species as one

which webs and curls the leaves of Osage orange. In 1898 the writer

(IS) mentioned it briefly in connection with insects that attack as-

paragus. There followed Dr. Otto Lugger's short description (16),

in which it was called the apple Lophoderus.

In 1901 the writer (17) recorded the feeding of the larva on vio-

let in the District of Columbia. The same year Felt {18, p. 998) re-

corded the depredations of this insect on green popcorn at Newark,

N. Y.

In 1904 Slingerland {19; 20, p. 47) stated that this insect was ob-

served with the grape-berry moth on clusters of blossoms and re-

cently set fruit of grape, and was quite often found at the same de-

structive work. In reviewing the known food plants, he records at-

tack to Solidago and dogbane and mentions Urogaster canarsiae

Ashm. as a parasite.

In 1905 Forbes {21) again mentions this species as an enemy of

Indian corn, and the year following Felt {22) includes it in a report

on insects affecting park and woodland trees.
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FOOD PLANTS.

The red-banded leaf-roller is nearly omnivorous, its food plants

comj^rising many botanical orders. Tiie list follows

:

Asparagus, beans, sweet potato, cabbage, horse-radish, celery,

parsley, rhubarb, salsify, tomato, SAveet corn, pepper, okra, ground

cherry (Physalis), blackberry, raspberry, and straw^berry among
truck crops ; chrysanthemum, geranium, rose, lobelia, violet, snow-

ball, syringa, hollyhock, zinnia, privet, and honeysuckle comprise

the list of ornamental plants. Other plants affected are clover, field

corn and popcorn, cranberry, elderberry, grape, orange, apple, plum,

elm, maple, oak, laurel oak, aspen, willow, magnolia, catalpa, balsam

fir, and Osage orange. The larva also attacks pigweed {Amamnthus

retroflexus)
,
goldenrod {Solidago spp.), smartweed, dogbane, Sola-

num sp., and (rnaphalium polyceplialum.

"natural enemies.

The recl-banded leaf-roller is no exception to a somewhat general

rule that larvsB which conceal themselves from view in rolled and

webbed leaves and

similar places of

shelter are the more

subject to parasitic

attack. The fol-

loAving list of para-

sites is in evidence

:

_ Exochus ciirvator

Fab,, an ichneu-

monid, was reared

by the writer Au-
gust 7. 1900, from

the host larva col-

lected at Camerons

Fig. 4.

—

Microhracon sp., a para.site of the lod-banded leaf- Mills, Va.^
'°"''^"-

Epivrus 'nidaga-

tor Walsh was reared from this leaf-roller on oak at Kirkwood, Mo.,

November 7, 1878.

An ichneumonid parasite allied to Pimpla was reared from mate-

rial received from Cadet, Mo., in July, 1893, previously mentioned.

(Dept. Agr. No. 5861".)

Lampronota pleuralh Cress, was reared at St. Louis, JNIo.. Novem-

ber 7, 1878.

Limnerium sp. is mentioned by F. M. Webster as having been

reared with this leaf-roller and two others on salsify.

3 Identified by Ashmead, who also identified practically all of the other species men-

tioned unless otherwi.se noted.
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Opius foersteri (lahan, a braconid, wrongly determined as Opius

mellipes Prov., and published under that name in Insect Life (-9), was

reared from material received from Kirkwood, Mo., September 25,

1881.

Epirhyssalus ati'lceps Ashm., a minute yellow braconid, was

reared from its host July 1, 1907, breeding on rose and collected by

Mr. I. J. Condit at Pataskala, Ohio.*

Microhracon sp. (fif^. 4) Avas reared from iiiatcriiil collected by Mr.

M. R. Smith at Plymouth. Ind.

Fig. 5.

—

Apuntilcs va,

on leaf-roller larv;

(Strauss.)

xiac, a parasite of the red-lniiuled leaf-roller : a, I.arva feediug

h, adult parasite ; c, cocoon ; d, pupa. All much enlarged.

Smicra deliva Cress., a chalcidid, was reared by the writer during

the last week of July and first week of August from raspberry leaves

infested by this leaf-roller from Camerons ^lills, Va.

Smicra torvina Cress, was reared with the foregoing.

Apanteles canarsiae Ashm. (fig. 5) was reared from this leaf-

roller by Slingerland {20) in New York, and is somewhat better

known as a parasite of the grape leaf-folder {Desmia funeralis Hbn.)
and some other species.

* Identified by Mr. J. C. Crawford.
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Phorocera parva Bigot,'^^ a tachina fly, is reported as a parasite of

this leaf-roller by Coquillett (i^).

CONTROL.

The recl-banded leaf-roller is seldom sufficiently abundant to war-

rant artificial methods for its control. Since it conceals itself in

leaves, rolled or bound together, it would appear difficult to reach

it with insecticides, but as it must issue from this shelter to feed on

surrounding leafage it can then be reached by the application of

arsenicals. The best time to apply these is soon after the eggs are

laid. Arsenate of lead is the standard insecticide, used at about 2

or 3 pounds to 50 gallons of water and applied as a spray.

The webbed leaves can be readily detected after a little practice,

and when infestation is not too heavy these can be clipped and burned,

or they may be pinched so as to crush the larvse within.

Early fall plowing and burning over the garden after the crop is

off, either in fall or early spring, are two farming methods which,

if vigorously practiced, will undoubtedly help greatly toward hold-

ing this insect in check. They should both be put into practice in

case of infestation.

SUMMARY.

The foliage of beans, sweet potato, asparagus, strawberry, rasp-

berry, and various other crops is subject to attack by a small greenish

caterpillar about three-fourths of an inch long when mature, known

as the red-banded leaf-roller, which rolls the leaves in various ways,

according to the nature of the plant attacked, and breeds continuously

throughout the growing season, from April to November.

It is native to this country, where it enjoys a wide distribution

from Maine to Texas and has been found in California.

The species has been studied in the District of Columbia and vi-

cinity. Hibernation takes place exclusively in the pupal state, which

occupies a period of 5 months, leaving 7 months for the active or

working stage. The ascertained period of the egg stage is 11 days, of

the larva 22 days, and of the pupa a minimum of 6 days. There are

iit least two and probably three generations annually in the climate

where observed.

Several natural enemies, mostly parasites, attack this species.

The red-banded leaf-roller is seldom sufficiently abundant to war-

rant artificial methods for its control, and since it conceals itself in

rolled-up leaves, it is difficult to reach with insecticides. It can, how-

ever, be reached with a spray of lead arsenate, inasmuch as it issues

from this shelter to feed on surrounding leafage. Clipping the

webbed leaves from the affected plants, early fall plowing, and

burning over affected areas after the crop is oft", will help to hold the

insect in check.

^ Identification by Coquillett.
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THE LAGUNA DISTRICT.

In 1918 the Federal Horticultural Board deemed it advisable to

establish a research station in a locality where there was a sufficient

infestation of the pink bollworm to make possible the gathering of

detailed information regarding this serious cotton pest. This research

station was established in Februaiy, 1918, in Ciudad Lerdo, Durango,

Mexico, near Torreon. Approximately 95 per cent of the upland

cotton produced in the Republic of Mexico is grown in this vicinity,

the so-called Laguna district.

1 PectinophoTtt gossypiella Saunders: Order Lepidoptera, family Gelechiidae.

2 This report is based on two years' work in the Laguna, conducted by the Federal Horticultural Board

under authority given , in the appropriation for the eradication of the pink bollworm, to investigate in Mexico

or elsewhere the pink bollworm as a basis for control measures. The experts conducting this investiga-

tion were transferred to the Board for this purpose from the Bureau of Entomology and this paper is there-

fore offered for publication as a joint contribution from these two offices. Provision for the establishment

of the laboratory in Mexico and authority for the work was obtained through the courtesy of Senor Pastor

Rouix, Secretary of Agriculture of Mexico. The work was made possible also by the active cooperation

and assistance of the cotton planters of the Lagima. Special thanks are extended to the Tlahualilo Com-

pany, the Testamentaria de Carlos Gonzales, and to Mr. Lloyd Rone for the use of their plantations for

experimental purposes and many other courtesies. This station was established during 1918 under the

general field direction of Mr. August Busck and was continued by the authors of this paper under the

general direction of the chairman of the Board and Dr. W. D. Hunter.

11696°—21—Bull. 918 1
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were reached. Tlie relative humidity is rather high, often reaching

the saturation point at night.

From monthly records kept hy the Tlahualilo Co., at Tiahualilo,

Durango, covering a period of 15 years extending from 1904 to 1918,

inclusive, the average rainfall for that region has been 8.07 inches

per year.

Table I.

—

Annual precipitation in inches at Tlahualilo.

Year.
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has to be well prepared and thoroughly cultivated in order to con-

serve the moisture. The cotton planting begins about February 15

and may continue until June if there are June rains or water in the

river. The land is planted as soon as possible after it dries out, as

this is necessary to secure germination.

Cotton is the principal crop grown in this section, and while there

are small areas devoted to corn, wheat, beans, and aKaha, most of

the planters use their land year after year for cotton and buy the

feed for their domestic animals elsewhere. No very reliable data

are available on acreage and production in the Laguna, but the an-

nual production varies from 60,000 to 150,000 bales, with an aver-

age crop of from 75,000 to 80,000 bales. The yield varies from one-

fourth bale to 2 bales per acre, with an average of from one-half to

three-fourths of a bale. All of the cotton is of the short-stapled

varieties, as it has been found by experience that these give better

results than the long-staple or Egyptian varieties.

DISTRIBUTION OF THE PINK BOLLWORM.

The species is widely distributed throughout the cotton-producing

world, and according to Gough {12y is now known to occur in India,

Palestine, Mesopotamia, Ceylon, Burma, Straits Settlements, China,

Japan, the Philippine and Hawaiian Islands, East Africa, Zanzibar,

Egypt, Sudan, West Africa (Southern Nigeria, Sierra Leone), Brazil,

Mexico, and Texas in the United States. It has more recently been

found in a limited area in western Louisiana adjoining the infesta-

tion in eastern Texas.

INTRODUCTION INTO MEXICO.

The pink bollworm was introduced into Mexico in 1911. During

that season two importations of Egyptian seed were made. One

consisted of 125 sacks and was planted near Monterey, in the State of

Nuevo Leon. The other, consisting of 6 tons, was planted near San

Pedro, State of Coahuila, in the Laguna district. From what is known

of the abundance of the pink bollworm in Egypt in 1911 it is probable

that both sliipments of seed were infested and that both of them con-

tributed to the present infestation in Mexico. Cotton culture has not

been continued in the vicinity of Monterey, but the crop of Egyptian

cotton produced there in 1911 attracted considerable attention and

much of the seed was shipped to the Laguna.

At the present time the pink bollworm is generally and uniformly

distributed in the Laguna.

PRESENT DISTRIBUTION IN MEXICO.

Outside of the Laguna district the pink bollworm is known to be

established in three localities in Mexico. One of these is at Santa

3 Italic numbers in parentheses refer to " Literature cited," p. 57.
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Rosalia, State of Chihuahua, at a point about 200 miles south of El

Paso. The other two infestations are located in the northern portion

of the State of Coahuila. One of these is at San Carlos, at a point

about 15 miles southwest of the town of Jimenez on the Rio Grande,

or about 40 miles approximately west of Eagle Pass. At tliis place

infestation has been found in fields in the immediate vicinity of the

gin. None of the insects were found in outlying fields. The other

infestation in the State of Coahuila is located at Allende. Tliis

is about 40 miles from the nearest point on the Rio Grande.

Dm-ing the season of 1919 inspections were made by agents of the

Federal Horticultural Board in the cotton region between Matamoras

and Nuevo Laredo. No traces of infestation were found. Likewise

the cotton growing in the Imperial Valley in the State of Lower
California has been inspected with negative results. Inspection of

these regions will be continued, as the insect may at any time be-

come established along the Rio Grande by shipments of seed from

the interior of Mexico.

The remarks above refer to infestations in growing cotton. The

pest is frequently brought to the border towns of Mexico in cotton

seed scattered in freight cars, and living specimens are constantly

being found under such conditions by the inspectors of the Federal

Horticultm-al Board.

LIFE HISTORY.

SUMMARY OF LIFE CYCLE.

The moths of the pink bollworm emerge in the early spring and

summer from larvae which have passed the winter in cotton seed or

bolls. The eggs are laid soon after emergence on almost any part of

the plant. The incubation period is from 3 to 12 days and the larvae

begin feeding in the squares or bolls. During the spring and summer
the larval period occupies from 8 to 16 days, but in the fall and

winter it is extended over a period of from a few months to two yeare

or more. These two kinds of larvae, while indistinguishable taxo-

nomically, may be designated short-cycle or "summer" larvae and

long-cycle or ''resting" larvae. Pupation takes place in the soil or

trash on the surface of the soil, in the summer stage, and in the

ground, seed, or lint in the resting larvae. The pupal period covers

from 6 to 20 days. The average length of the life cycle from egg to

egg dinging the summer is 31 days.

LABORATORY METHODS.

The experiments with the life history of the pink bollworm were

all conducted at Ciudad Lerdo, Durango, Mexico. An adobe house

was used for a laboratory. The adults were confined in 2-quart

fruit jars covered with cheesecloth for oviposition. Branches of

cotton plants containmg leaves and squares, stuck m tubes of water
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to keep them fresh, and bolls were provided for oviposition. Pieces

of blotting paper dampened with water or sweetened substances

were added as food for the moths. The eggs were removed to other

jars for hatching and the young larvae carefully removed to the food.

Bolls and squares were used, but the squares were found more
satisfactory. The food with the young larvae was placed in vials

plugged with cotton. The pieces of bolls would become discolored,

decomposed, and unsuitable for food m one or two days, while a

square would remain in good condition several days and the larva

could be examined daily with less disturbance.

Wire cages were also used over small potted plants and cotton

plants in the experimental plat to check the laboratory results.

The pupae were removed to glass vials with a piece of damp cotton

in the bottom to provide the necessary humidity.

Temperature and humidity records were made with maximum and

minimum thermometers and recording hygrothermographs placed

indoors and outside in a U. S. Weather Bureau instrument shelter.

MOTH.

Description.

Xhe moth with wings spread is about three-fifths of an inch from

tip to tip, dark brown in color, with irregular blackish markings on

the forewings, the hindwings silvery gray with no distinct markings.

The forewings are bluntly pointed, the hindwings acutely pointed,

and both heavily fringed posteriorly. When at rest the wings are

folded flat over the back.

Habits.

The moths are very seclusive in their habits during the day. It

is exceptionally rare to find one in the fields until after sundown.

Just at dusk they can be seen flitting very quickly from plant to

plant, and by close examinations with a flashlight at night they can

be readily found in a resting position on almost any part of the plant.

They are active as late as 12 p. m. No observations were ever made
later at night, but it is very likely that they remain active until

daybreak. Occasionally they conceal themselves on the plant, but

usually they crawl under trash, stones, clods, or even into the loose

soil. They are very loath to leave their hiding places during the

day, but when disturbed they run with a quick jerky movement or

fly a short distance and immediately hide under the nearest object.

In the laboratory the moths emerging from stored cotton would

congregate on the window screens at dusk. They would remain

quietly till morning and then return to their hiding places. Only

rarely would one be seen during the day.
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Longevity.

Males and females are produced in about equal proportions and
their length of life is about equal. Under favorable laboratory

conditions one moth was kept alive for 26 days, but the average

length of life of the adult was 14.7 days. There are no indications

that moths ever live for long periods of time or pass the winter in

this stage.

Wliether moths under natural conditions ever take nourishment

other than water was never observed, but just as many eggs were

deposited in the breeding jars where pure water was used as where

sweetened water was substituted. Water is a very essential factor

in the longevity of the adult. The average length of life of the

moths where no water could be obtained was 7.6 days, compared to

14.7 days when water was supplied daily.

Preoviposition Period.

Eggs were deposited in captivity from 1 to 6 days after issuance

of the moth, with an average of 3.8 days preoviposition period. It

is not known how long a period elapses before oviposi-

tion begins in nature, but from analogy with other species

it is possible that the bulk of the eggs are laid the first

night under normal field conditions. The moths were ;

never observed in the act of depositing eggs, either in the

fields or in the breeding cages, but from the night-flying

habits of the moth it is evident that oviposition takes place ,_,.

at dusk or at night. fig. 2.- Egg
£QQ oi P cctino-

pliora gossy-

DeSCRIPTION. piella. High-

The egg is small, elongate oval, somewhat broader at
ij' naagnmed.

one end; length from 0.4 to 0.6 mm., breadth 0.2 to 0.3 mm.; shell

iridescent, pearly white with greenish tmt when first deposited, turning

to almost red before hatching ; surface finely reticulated with regular

longitudinal lines or ridges with irregular cross-connections, resem-

bling the reticulations on the hull of a peanut. (Fig. 2.) The larva

can be easily seen inside the shell just prior to hatching.

Position on Plant.

The eggs are deposited on all parts of the plant, including the

bolls and bracts, leaf buds, leaves, stems, and squares. The prefer-

ence is for some more or less hidden location, such as the base of the

boll, between the bracts and bolls, the folds of the small leaf buds,

the creases formed by the veins and midribs of the leaves, and the

axils of the leaves.

Some heavily infested plants were examined at Lerdo during

August and September, 1919, to determine the proportion of eggs
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deposited on different parts of the plants, the results of which are

given in Table III.

Table III.

—

Location on the cotton plant of the eggs of P. gossi/piella.
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As the female does not deposit eggs readily in captivity, diffi-

culty was experienced in determining exactly how many eggs

were deposited by a single female. In om* experiment usually

from 5 to 20 moths were confined in one cage. Under these con-

ditions it was never known which moths had oviposited and
which had not, and while several hundred eggs were often obtained

from a cage, it is certain that the maximum number they were
capable of laymg were never obtained. Often heavy, pregnant

females were found dead in the cage and apparently never had
deposited any eggs. Upon dissection of gravid females the ovaries

were found to contam from 75 to 125 well-developed eggs. Busck
(5") places the number at over a hundred and Willcocks (7) says that

while small individuals may produce only about 250 eggs, well-

developed individuals are capable of laying 400 to 500 eggs or more.

Incubation.

All of our records were made under laboratory conditions. Figure

3 shows that the dif-

ference between the

maximum and the '°°

minimum, or the day ^^

and night tempera-

tures, for each month ^
amounts only to from ^^

6° to 8° F.

The egg stage, even ^
under these rather ^„

constant conditions,

varied from 3 to 12 •«

days. The range for

the months of April,

MaV September and ^^^' ^—^^^^'^?>^ mean maximum and average mean minimum

r^ , \ ~ ' ^ temperatures for 1919 at Ciudad Lerdo, Durango, Mexico.
October was from 7

to 12 days, and for June, July, and August it was from 3 to 5

days, with an average of 4.6 days for the entire season, the average

being taken from 300 records based on thousands of eggs.

Hatching.

The actual hatching of the egg requires only a very short time.

The young larva can be seen moving inside the shell a short time

before it actually emerges. An opening is cut in the broad end of

the egg and the small larva wriggles out and crawls rapidly away
in search of food.

The empty shell is white and soon becomes an almost unrecog-

nizable wrinkled object. It remains on the plant until it decays or

is carried away by the wind or other agencies.

11696°-21—Bull. 918 2
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LARVA.

Newly-Hatched Larv^.

The newly-hatched larvae are creamy white, with dark-brown
head and thoracic shield and long, prominent, dark setse showing
very plainly. They are a little less than 1 mm. in length and grad-

ually taper from the head, having thus a slight wedge-shaped appear-

ance. In this stage the larvae are very active. Under laborator}^

conditions they are very restless and crawl rapidly from place to

place before entering a square or boll. Many larvae continue crawl-

ing around for 24 hours or more until they become so weakened that

they are not able to cut their way into the squares or bolls. It was
often observed that most of the larvae which succeeded in entering

the food provided for them did so the day they were hatched. It is

not known to what extent this wandering around takes place under

natural conditions. Larvae are found crawling over the plants, but

they always seem restless and ill at ease. This probably does not

take place normally to any great degree, except in the case of larvae

from eggs laid on other parts of the plant than the squares and bolls.

Larv^ Entering Bolls.

The larvae do not seem to have any preference as to where the boll

is entered. Sometimes a light netlike web is spun and the entrance

is made underneath it. At other times the entrance is made with

no protection whatever. The larvae cut the carpel away, throwing

the fragments outside, very little if any being consumed. The time

required for the larvae to enter may vary with the age of the boll,

but it usually takes them from 20 to 40 minutes to become com-

pletely hidden. If the boll is examined soon after they have entered,

the holes are easily located by the surrounding frass, and although

minute, can be seen with the naked eye. After 2 or 3 days the frass

is blown away by the wind or removed by other agents and the

holes close up, leaving only brownish spots which are hard to dif-

ferentiate from other discolorations on the boll. Then they can

only be detected by a trained eye, and the only way to be certam a

boll is infested is to examine its interior.

Larv^ After Entering Bolls.

After the boll has been entered the larvae become glassy white,

soft, and sluggish. They so closely resemble the watery lint at this

stage that they would be very easily overlooked, except for their

dark heads and thoracic shields, which show as black specks against

the lint.

There are three molts, completing four larval instars or stages.

The first stage lasts about 2 days; the second and third, 3 to 4 days

each; and the fourth, 4 to 5 days,; thus the larval development is



PINK BOLLWORM OF COTTON IN MEXICO. 11

completed in an average of 13.3 days in the summer larvjp. The sec-

ond and third instars resemble the first in general appearance, and

it is usually in the fourth or last larval stage that the larva change

to the characteristic pink color from which the name "pink boll-

worm" is derived. Sometimes the pink color appears in the third

instar, especially if development has been retarded in some way or

the larva has been exposecl to the air. The coloring first appears as

transverse pink lines on the dorsal side of the segments and diffuses

and deepens till there is only a small whitish or flesh-colored line left

between the segments. The color seems to be more pronounced in

the larvae which reach maturity in the late summer or early autumn

and is a very deep pink or dull red. The head and thoracic shield

are reddish brown with dark-brown mandibles and anal plate. The

ventral side, legs, and prolegs are white to flesh colored, the legs and

prolegs with brownish claws and crotches. The full-grown larva is

cylindrical and measures about one-half inch in length.

With the fourth stage the larva becomes very active again when
disturbed and conceals itself as quickly as possible. A cocoon is

spun attached to whatever object the larva is hiding in. The full-

grown larva is never content outside a cocoon after it leaves a boll or

seed. If it is taken from one cocoon it will immediately make another.

How many times this will be repeated was not determined, but a

perfectly healthy larva is rarely if ever found outside a cocoon,

except when crawling from place to place.

PUPA.

The pupa is whitish, with faint markings of pink when first formed,

turning to a mahogany brown as it dries and to a darker brown

before emergence. It measures 8 to 10 mm. in length by 2.5 to 3

mm. in width. The surface is covered with a fine velvety pubescence,

the posterior end terminating in a short, stout, upwardly pointing,

hooklike process.
Pupation of Summer Larv^.

Wlien the summer larvae have completed their feeding, they cut

to the outside of the boll directly through the carpel wall from the

last seed attacked and drop to the ground for pupation.

This exit hole through the carpel wall is usually round and clean

cut and can be easily recognized as having been cut from the inside

of the boll. Plate II, A, gives a comparison of the entrance hole into

the boll of the common bollworm, CJiloridea obsoleta Fab., and the

exit hole of the pink bollworm. The entrance holes of the common
bollworm are larger, not so clean cut, and surrounded by a raised

margin. They are not likely to be confused once both have been seen.

In the case of the summer larvae, the holes made in the green

cotton boll are always for the exit of the larva3, and not for the issuance



12 BULLETIN 018, U. S. DEPARTMENT OF AGRICULTURE.

of the moth. From an examination in 1919 of over 16,000 green

bolls that averaged over 2.5 larvse per boll, not a single pupa or pupal

skin was found. Should a larva cut a hole in a green growing boll

for the issuance of the moth, this hole would probably close from

proliferation before the pupal stage of 9.3 days is passed.

Occasionally, in mature or dry bolls, as distinguished from green

ones, more than a mere exit hole is cut when the larva reaches the

carpel wall. The carpel tissues and the adjoining lint are cut away
and an elongate pocketlike cavity is made large enough for the larva

to become straightened out in its final preparation for pupation.

When this is done a light cocoon is spun inside this cavity and a hole

cut through the carpel wall to the outside. The last remaining parts

of the carpel wall are not cut entirely out leaving an open hole, but

the particles are held together and in place by a few fine strands of

silk which are easily broken and pushed away when the moth emerges.

The very fact that only a few larva? pupate in the bolls is con-

clusive enough that there are other more favorable places for pupa-

tion. These places are either on the ground or in the ground. If the

moisture conditions are sufficient on the surface, they may spin a

cocoon in the trash or on any convenient object, and pupate there;

but if it is too dry and the soil is loose they may burrow as deep as 3

inches below the surface, make an earthern cell, line it with a very

fine, tough cocoon, and pupate there. During the summer a good

many pupa? are probably destroyed by cultivation, but when pupa-

tion takes place in the ground, only the exit passage being destroyed

and the pupa itself not molested, the moth may be able to escape

because of its burrowing power.

FuUaway (3) and Busck (8) found that in Hawaii pupation nor-

mally takes place in the boll and only rarely in the soil or other

places. Maxwell-Lefroy (2) found that in India pupation occurs in

the boll or on the bracts or leaves of the cotton, and in unirrigated

black cotton soil might be found in a crack of the dry soil. Will-

cocks (7, p. US) says that in Egypt

—

Pupation seems most often to take place on the ground under the fallen leaves, or

in the fold of a dead leaf or again between two dead leaves, also on old bolls which have

dropped or been broken off, and under or attached to small lumps of earth. In fact

they may be looked for amongst any shelter of this kind. One situation was noted

that seems to be especially favored by the larvae as a haven to pass the pupal stage,

this was furnished by the dead flowers which are of coiU"se very numerous below the

plants.

In Mexico pupse were never found on the leaves or bracts under
field conditions. When green bolls were picked and left in sacks the

emerging larvae would sometimes hollow out a slight depression and
pupate near the base of the boll, or they would pupate between the

involucre and boll without making a depression, or spin their cocoons



Cotton Bolls Showing Characteristic Injury by the Pink Bollworm.
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A, On left, entrance hole of Chturidca obsoleta. On right, exit holes of pink bollworm. (Hunter.)

m »
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on the sides of the sack. The old flowers under the plants did not

seem to be more favored than other bits of rul)bish.

The duration of the pupal stage of summer larva? from 150 records

ranges from 6 to 14 days. Tliere is considerable variation among

the individual pupoe, some requiring 1 to 2 days more than others

which pupated on the same night.

Table IV summarizes over 300 complete records of the various

stages of the pink l)ollworm at Lerdo, Durango, Mexico, during 1918

and 1010.

Table IV.

—

Duniflon in (hiijs of summer sltigrx of P. gnssypielhi.

Average

Egg stage 4. G

Larval instars:

First 2-3

Second 3-4

Third 3-4

Fourth 4-5

Total average 13.

3

Pupal stage 9.

3

Preoviposition period •. 3.8

Total period from egg to egg 31.

RESTING LARV^.

In the preceding part the development of the different summer
stages of the pink bollworm has been discussed. There is stiU

another important phase of the life history—the long-cycle or resting

larvae. It is in this stage that the species passes the winter when no

food is available or when conditions are adverse in any way. It is

also in this stage that the greatest dispersal by man takes place and

only in this stage that any known control measures can be used.

Beginning some time in August, when the temperature is still high

and there is yet plenty of food available, some of the larvae upon

reaching matm*ity do not pupate at once, but remain wherever they

are as full-fed larvae. These larvae are identical in form with those

that pupate and can not be distinguished from them. What causes

some larvae to do this and others to pupate as usual when reared

under the same conditions is not known, but Willcocks (7) suggests

it is probably some instinct inherited from the time when in its orig-

inal natural habitat there were no food plants available to sustain

the species over a long period of time. In November and December,

when the temperature is lower and no food is available, all of the

larvae develop this tendency and it is the exception rather than the

rule for them to pupate. Thus in the Laguna this resting habit

seems to be a combination of estivation and hibernation, for it begins

while food is still available and the temperature high. In this sec-

tion the average frost date is a])Out November 20, and moths emerg-
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ing after this date would as a rule find no suitable places for ovi-

position.

When a larva prepares to go into the resting stage it remains in

the boll in which it has been feeding. Usually a tough, heavy co-

coon is spun either in the lint, in a single seed, or two seeds are fas-

tened together to form a "double seed." (PI. II, B.) The double

seed is formed by eating away part or all of the contents of the two

adjoining seeds and spinning a strong continuous cocoon inside the

cavities of the two seeds, which holds them firmly together and

makes them difficult to separate.

Part of these seeds go through the gin and come out intact, and

finding double seed is sure evidence of pink-bollworm infestation.

Often double seeds are formed in seed in difi"erent locks, the con-

necting cocoon running through the hole made in the partition wall.

This aff'ords good protection for the larva, as it prevents the seed

from falling to the ground and being exposed to excessive moisture

and other agencies which are m,ore detrimental to the larva on the

ground than on the plants.

When the cocoon is spun in the lint or a single seed the larva lies

in a curled-up position and the cocoon is spun tightly around it,

forming a spherical compact mass. Similar cocoons are formed in

the ground or attached to any convenient object if larvae are removed

from seed or lint. The cocoon fits so closely and is so tough that it

is very difficult to remove without injuring the larva. It is very

hard to detect a larva inside a seed, and the only sure way to tell

whether the seed contains a larva is to examine the interior. Will-

cocks (7) in writing about Egyptian cotton seed, which has a smooth,

black coat and is not covered with lint, says the silken-covered en-

trance hole can usually be seen with a lens. This, however, does not

hold true for short-staple seed.

Few data are available on the number and proportion of larvae

foimd in the lint and in the single and double seed. Samples of cot-

ton were hand-ginned and the number of larvae in single and double

seed determined, but unfortunately no record was kept of the num-
ber in the lint. It is possible that some of the larvae counted as in

single seeds in the first and second picking samples were in the lint,

but this did not occur in the samples of the third picking. It will

be noted that the sample for the third picking is from the 1918 crop

and had been stored for some time. At the time of examination a

considerable part of the larvae were dead, but this does not aff'ect the

proportion found in the single and double seed, and while the figures

are not quite comparable, they at least give an idea of the number
of larvae present at difi'erent times. The number of larvae found in

the single and double seed for the difi'erent picks ai'e given in Table V-



PINK BOTJ.WORM OF COTTON TN MEXICO. 15

Table V.

—

Number <>/ pink hollworm larnr, found in. sUujJc and double seed of cotton

picked at different dates.
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sisting of full-fed worms and the younger the- winter-feeding brood,

which were not full-fed at the time of hibernation and continue

developing slowly till about March. In a later publication (12)

weighings of resting larvae were made from January to July and it was

found that the weight constantly fell from February to July. He
concludes that "the fall in weight does not necessarily demand the

explanation that the larvae were fasting, but taken along with the

known fact that many hibernating or sestivating larvae do not feed, it

lends considerable weight to the probability of the larvae not feeding

during their resting period."

A very small proportion of the larva? have not completed their

growth when the cotton is picked, and these continue feeding for a

while before making their resting cocoon. In some bolls examined

November 26, 1918, there was an average of 6.64 fourth-instars and

0.03 third-instai-s per boll. After the resting cocoon is once spun

no feeding takes place. If larvae are removed from the seeds in

which they are resting, other seed will sometimes be hollowed out,

but the contents are thrown to the outside and no actual feeding

takes place. It sometimes happens that frost does not come in the

Laguna till January or February, and it is probable that feeding

continues longer than usual in such years.

Duration of the Resting Stage.

Larvae are capable of passing long periods of time in this quies-

cent stage. Gough (5) found in seeds of Indian cotton which had

been imported to Egypt larvae which were over 2 years old. Busck

(8) in Hawaii compressed cotton seed into small bales and found

live larvae in them for 18 months. Willcocks (7) stored a large

nmnber of bolls picked in November, 1913, in an outdoor cage, and

moths continued emerging till August 28, 1915, a period of nearly

2 years. There were 4.4 per cent of the larvae in double seed col-

lected in November, 1918, still alive on November 20, 1919, when
work at the station was discontinued.

Pupation of Resting Larv^.

When the resting stage has been passed in the lint, single seed, or

in any place where the larva is curled up in a small, compact cocoon,

it is necessary to leave this cocoon and prepare more ample quartere

for pupation. In such cases a lighter, more elongate cocoon is usu-

ally spim among the fiber or seed, but in some instances in stored

seed pupae are formed without any protection whatever.

When the resting stage has been passed in the double seed the con-

struction of the cocoon between the two seeds makes it elongate

enough for the larva to pupate successfully and pupation usually

takes place in situ. In such cases the emergence hole for the moth
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is cut just prior to pupation and not when the seeds are first webbed
together. Oft(>n the end of thc^ pupal shell is seen protruding from

the seeds tlu'ough this opening.

When pupation occurs in old bolls of cotton a favorite method is

to make a slight depression in the lint and pupate between th(^ cot-

ton and boll. WHien^ hibernation has l)een in the fields larv'se may
leave th(> bolls and pupate in the ground. On March 14, 1919, 1^

square yards of soil in the coiral at Lerdo, where many bolls were

lying ai-ound, were examined. Four live larvae and oner dead one,

togethei- with one live pupa and several empty pupal cases, were
found. All were near the sui"face, on(^ larva })eing under a piece

of trash and the others an inch or so down. All the larvae and
the live pupa had light cocoons and seemed to have gone into the

soil for pupation rather than hibernation. In the case of the old

pupal skins it could not bo determined whether they came from
hibernating larvae or were left over from the previous summer.
The duration of the pupal stage from 250 resting larvae ranged

from 8 to 26 days, with an average of 10.3 days. This is an average

of 1 day more than for the summer larvae, due t() the fact that pup-
ation took place during the colder months. There is considerable

individual variation in the length of j)upae formed at the same time,

but this occurs in pupae from summer larvae as well as from resting

lai'Vae. Tlie pupa^ from which mah^ moths emerged required an

averag(5 of one-half day more than those from whi<'h females emerged,

the inales requiring 10.5 days and tlu^ fcunales 10 days.

Time of Emeiioence from Restinc Lahv^.

A few moths may emerge tlu-oughout the year in the Laguna.
When work was first begun in the early part of February, 1918,

fresldy formed pupae were found among seed at the seed warehouses.

During the month of March, 1918, there emerged 23.5 per cent of all

the moths which emerged during the year from larvae collected in

seed in February and removed to the laboratory. Emergence con-

tinued till August, when all of the larvae had died or emerged, the

maximum IxMng -reached in May. Pupae were formed from larvae

collected in the summer and fall of 1918 throughout the fall and
into January, 1919, thus completing the cycle of pui)ation for every

month in the year. The pupal period is greatly retarded during the

cold months, but this does not prevent (^mergence on warm days.

Tabh^ VII shows the monthly emergence of moths from resting

larvae for 1918 and 1919.

11696°—21—Bull. 918 3
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Table VII.— The monthly emergence of moths from resting larvx for 1918 and 1919.
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dried. Afterward tlie moth crawls off and hides until dark, if

issuance has taken place during the day. What course is followed

when issuance takes place at night was never ohserved.

Time of Day Moths Emerge.

The moths emerge from the pupae at all hours of the day and

night under lahoratory conditions, where the tem])erature and

humidity are more or less uniform. From Table VIII it can he seen

that between the morning examinations and the afternoon exami-

nations, 421 moths emerged in 134.5 hours, an average of 3.1 moths

per hour, and that 348 moths emerged between the afternoon exami-

nations and the morning examinations in 301 hours with an average

of 1.1 moths per hour. About three times as many moths emerged

during the day as emerged per hour during the night.

Table VIII.

—

Time of day of emergence of the adult P. gossypiella.
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cotton plants during March and April, 1918, were unsuccessful.

The first eggs were laid in the breeding jars on May 5, and the first

larva (one of the third instar) was foimd in cotton in the field on

May 15, 1918. The first eggs were deposited on April 9, 1919, and

the first larva found in the field on April 28. The general infestation

in the fields, however, did not begin till later in 1919 than in 1918.

In general, it may be said that breeding commences in the spring

as soon as the squares begin to mature and by the time the first

blossoms appear a few larvae are present. The infestation is

extremely light at this season and only by careful search will any

larvae be fomid. As a rule the bolls are not attacked till they are

from one-half to three-fourths grown, though occasionally a larva

works down from the blossom to the newly set boll. It is usually

about the middle to latter part of July before boUs on plant cotton

are sufficiently mature to be attractive to the larvae. From this

date onward the infestation rapidly increases, and in about 10 weeks'

time practically every green boll is infested. The cool nights of

October and November check the development somewhat, but

breeding continues until frost destroys the food plants.

Table IX shows the weekly increase in the percentage of green

bolls infested during the 10 weeks during which breeding is most

active. It is computed from weekly examinations of samples of

green bolls collected on different plantations, an average number of

350 in 1918 and 1,100 in 1919 being used.

Table IX.— The weekly increase in the percentage of green bolls infested with Pectino-

phora gossypiella.

Week ending-

July 12.

.

July 19.

,

July 26.

.

Aug. 2..
Aug. 9.

.

Aug. 16.

Aug. 23.

Percentage of green
bolls infested.
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A, Characteristic rosette appearance of cotton flowers infested with the pink bollworm.

Holes cut through partition wall when larva goes from one luck to another. (Ilimter.)

PINK BOLLWORM.
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season till December and make a complete life cycle every 31 days,

there are six generations, but if the moths do not emerge from the

resting larviE until the fall and the first generation goes into the rest-

ing stage again, the whole year may be passed in only one generation.

FEEDING HABITS OF LARV^.

LARV^ FEEDING ON LEAVES AND STEMS.

The feeding of the pink bollworm on the leaves of cotton is of no
economic importance. It is a forced condition rather than a voluntary

one. If the eggs have been deposited a long way from the squares

or bolls, the larvae may feed slightly on the leaves while searching for

suitable food. In such cases slight abrasions on the surface of the

leaf or minute pinholes through the leaf occur. The larvae feeding

in this manner appear either to die for lack of sufficient nourishment

or to be destroyed by other insects. No larvae older than those of

the second instar were ever observed feeding on leaves and only

two or three cases of the second instar. No indications of entrance

into the bolls by larvae of the second or later stages were ever

observed under field conditions, except where the larvae had been

feeding in blossoms and had worked downward into the newly set

bolls. Willcocks (7) records larvae feeding in the stems of the

plants just above the surface of the ground in Egypt, but this class

of injury was never seen in the Laguna.

LARV/E FEEDING IN SQUARES AND FLOWERS.

The young larva^ enter the squares by cutting directly through the

undeveloped flower petals and feed on the pollen and fleshy parts

of the embryonic flower, usually reachmg the thnd or fourth instar

by the time the flower opens. These infested flowers do not open
normally, but have a peculiar rosette appearance which is well shown
in Plate III, A. The tips of the corolla in infested flowers are

webbed together by the larvae with fine silken tlu-eads which prevent

their openmg wide and exposing the larvae to the attacks of other

insects and the heat of the sun.

These infested flowers are easily distinguishable from normal
flowers in walking through fields of upland or short-staple varieties.

Even though the percentage of infested flowers was about the same
in Egyptian or long-staple cotton the pronounced rosette effect was
never seen. The corolla is longer and larger in Egyptian varieties

and the threads spun by the larva probably are not sufficiently

strong to prevent its opening. When infested flowers are exammed
the larva is usually found beneath a fine silky web, covered with
frass and pollen grains, and feeding upon the anthers. If full-fed when
the flower opens it may leave it the first day and drop to the ground
for pupation. Tliis is especiall}^ apt to occur if the larva is dis-
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turbed by other insects, such as the flower beetle, Eui^lioria hasalis

Gorg. If the larva is not full-fed at the time of opening it may
continue feeding inside the flower for two or three days or until

after the flower has dropped, or it may work downward from the

flower into the newly formed boll. No indication of the larva leav-

ing flowers and going into large bolls was ever observed, and it is

exceptionally rare to find more than one larva in a single square or

flower. From Jmie 1 till August 10, 1919, a daily record, with a few

exceptions, was kept of the flowers opening on a small plot of heavily

infested cotton at Ciudad Lerdo. The results are given in Table X.

Table X.

—

Infestation of cotton blossoms by the pinh bollworm.

Month.
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carpel tissues just beneath the inner wall of the boll. In the latter

case they leave brownish, discolored tunnels or biu-rows resembling

the work of young leaf miners. These tunnels, commonly called

"railroads," are very characteristic of pink bollworms and when
found are sure evidence that a boll is infested. They disappear as

the boll grows older and are not noticeable in an open boll.

When the larvsB cut directly through and into the lint sometimes
a slightly discolored proliferation resembling a puncture made by
a cotton stainer is formed and at other times only a slight discolor-

ation is left. Again, a larva may be found inside a boll and no sign

of its entrance place found even when the boll is examined from the

inside. The larvae may tunnel in the carpel tissues or feed in the lint

in any direction from the point of entrance and seldom if ever feed

on seed until after the first molt. They may burrow between or

cut through the fibers of the lint for a considerable distance while

feeding on the soft tissues, leaving behind slightly discolored trails

through the lint and "railroads" through the immature seed coats;

or, on the other hand, they may remain feeding on the lint near the

point of entrance.

Second or third instar larvae are found which seem to have fed

exclusively on the lint, but there is always some feeding on the seed

before the larvje become fully mature and second and third instars

are frequently found in the seed. The seeds are normally first

attacked from the broad end nearer the outer surface of the boll. The
contents of the first seed attacked are not eaten completely out

before an adjoining seed is attacked. The number of seeds attacked

})y a single larva varies greatly, due to the age and development of

the boll at the time of attack and the behavior of the larva. Cases

have been seen where a larva completed its development on as few
as two seeds and within a short distance of the place of entrance,

while another larva may destroy a whole lock or more. Often a
larva will cut through the partition into the adjoining lock instead

of going to another seed in the same lock. The hole in the partition

is clean cut, round or oval, and is good evidence that a pink bollworm
has been in that boll. Plate III, B shows these holes.

When very small bolls are attacked by larvse working downward
from the flowers, they turn brown and usually drop from the plants,

but if the bolls are not attacked till about half gro^\Ti, the presence

of larvfe does not cause them to shed. When there are only 2 to 4

larvae in a boll that is rather far advanced, say three-fourths to full-

grown, when attacked, the work may be classed as ''clean," but if

several larvse have attacked a boll that has not reached that stage,

the entire contents are very likely to be completely broken down
into a decayed mass. The presence of larvae in bolls does not prevent

other larvae from entering, and usually larvae of all stages are found
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in the same boll. During the latter part of the season, when the

infestation is heavy, an average of 6 or 7 larvae is found per boll and

individual bolls may contain many more. One boll was examined

that contained 26 larvae. The number for all bolls examined through-

out the season of 1919 averaged 2.5.

PROLIFERATION OF BOLLS.

The presence of larvae often causes the bolls to form abnormal

growth or proliferation. Proliferation is described by Dr. W. E.

Hinds (1) as:

The development of numerous elementary cells from parts of the bud or boll wliich

are themselves normally the ultimate product of combinations of much more highly

specialized cells. The resulting product is thus composed of comparatively large,

thin-walled cells, which are placed so loosely together that the resulting formation is

of a soft texture, and has a granidar appearance which may be plainly seen with the

unaided eye.

Greenish white or discolored brownish opaque swellings are formed

on the inner wall of the carpel, the seeds themselves proliferate,

and very little if any lint is formed on them. This spongy mass of

granular cells develops much more rapidly than lint, thus occupying

the space that would have been filled with lint. Badly proliferated

bolls contain but little lint, and this is matted or felted and of poor

quality, thus greatly increasing the damage done by the pink boll-

worms. Proliferous seeds are not confined to those actually attacked

by the larvae. The irritation caused by the presence of the lai'vae in

a boll or the stimulation from proliferation in seed actually injm'ed

causes other healthy seed to proliferate. The percentage of proliferous

bolls increases very rapidly with the advance of the season, which is

simultaneous with the increase of the number of bolls attacked by
the pink bollworm and with the number of larvae in each boll. The
Egyptian cotton grown at the laboratory was much more severely

affected by proliferation than were the short-staple varieties. Larvae

occasionally are killed by proliferation, but from general observa-

tions it is thought that not more than one-tenth of 1 per cent are

killed in this way. The result is by far more detrimental than

beneficial.
DAMAGE CAUSED BY THE PINK BOLLWORM.

The damage by the pink bollworm is caused by the feeding of

the larvae on the squares and blooms, the walls and partitions of

the bolls, and the lint and seed of the cotton. Upon entering the

boll after hatching the larvae feed on the lint and tender tissues of

the boll during its earlier stages of growth; in the latter stages the

larvae feed almost exclusively on the seed, thereby arresting the

development of the lint and seed and also destroying the seed itself.

In passing from seed to seed and from lock to lock the larvae cut and
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discolor the lint. Just as soon as the bolls an^ formed they may be

attacked by the larvie working downward from the flower, but

usually they are not attacked till one-half to three-fourths grown.

The damage to the individual boll is greater the earlier it is attacked.

In case the larva enters when the boll is very young, that is, one-

lialf grown or less, the boll is usually completely destroyed. But

when a boll is not attacked until it is about half grown an infesta-

tion by a larva or even several larvae does not necessarily prevent

the boll from opening and producing some pickable cotton. The

cotton from infested bolls is of an inferior grade, the lint usually

being short, hard, and kinky. The portion of the boll actually con-

sumed by the larva may be comparatively small, but the damage

caused by the feeding habits and presence of larvae in a boll amounts

to a considerable percentage loss to the crop. The irritation pro-

duced by the presence of a larva often causes proliferation to take

place; and upon entering and leaving the boll the larva? provide a

means for the entrance of air and water, thereby causing decompo-

sition in the green bolls.

RELATION OF AMOUNT OF DAMAGE TO INCREASE OF INFESTATION.

It has been estimated that the natural winter mortality of all

insects is about 95 per cent or more. In addition to this, the number
of pink bollworms in the cotton fields of the Laguna district is further

reduced by the irrigation methods, fall burning of plants, and the

grazing of the fields by cattle, goats, etc. It is obvious that at the

beginning of the crop the infestation, even where it was general the

previous year, would be very light, but as the number of larvae in

the field increases the amount of damage becomes greater.

The pink bollworm attack is not similar to that of other insects

like the cotton leafworm, Alabama argillacca Hiibn., or bollworm,

Chloridea ohsoleta Fab., which practically ruin a crop overnight, but

is more of a gradual, built-up attack, starting in the beginning of

the crop with practically a negligible infestation and culminating

with 100 per cent of the bolls infested with from 4 to 10 larvae in

every boll. Table XI shows the rate of monthly increase of larvae

in several average fields of the Laguna.

Table XI.—Progress of infestation larvse of the pink bollwonn; number of larvae per
100 bolls.



26 BULLETIN iH8, U. S. DEPARTMENT OF AGRICULTURE.

The data in the foregoing table were compiled from records kept

of weekly examinations made of 100 boll (green) samples taken from

different plantations in the Laguna dis rict. The bolls in each sample

were taken by walking tlirough the same fields each week and pick-

ing the bolls at random.

ESTIMATE OF DAMAGE TO LAGUNA CROP, 1919.

In making an estimate of the damage caused by P. gossypiella to

the cotton crop of the Laguna for 1919, it was thought best to select

certain average fields on average plantations and to keep these

particular fields under close surveillance during the entire year.

Through the courtesy of Don Carlos Gonzales y Farino, of Torreon

and of the Tlahualilo Company, Tlahualilo, Durango, certain fields

upon their properties were selected. These fields were chosen with

the utmost care in order to obtain as nearly as possible an average

of all conditions of the Laguna, with respect to factors controlling

the amount of damage caused by P. gossypiella. Other fields in dif-

ferent parts of the Laguna were examined as often as time would

permit for comparison with these fields. Each of these fields was

visited regularly (as far as conditions would permit) once a week,

and samples of 100 green bolls taken, so that the rate of increase of

infestation might be ascertained.

Samples of seed cotton were also taken at the beginning of each

pick from each of the experimental fields, to determine the damage
caused by the pink bollworm in the difi'erent harvesting periods.

These samples were ginned in a sample gin separately, accurate

weights being kept of the quantity of lint and seed. A sample of lint

from each field sample was taken for classification by the Bureau of

Markets, United States Department of Agriculture, to determine

the discolorations, grades, and spinning qualities of the lint.

A 2-pound sample of seed was taken from each field sample for

chemical analysis to determine quality and quantity of oil.

DAMAGE TO SQUARES AND BLOOMS.

The pink bollworms enter the squares just after hatching from

the eggs, and continue feeding until they complete the larval stage,

notwithstanding the fact that the squares may bloom in the mean-

time. Larvae of all stages have been found in the squares, but

generally speaking only full-grown larvae have been observed in the

blooms. To ascertain to what extent this floral feeding habit tended

to cause damage the following experiment was carried on.

Tags were placed on 343 normal blooms and on 343 infested blooms

during June and July. Table XII shows the results.
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Table XII.

—

Results of experiment to determine damage mused by feediruf of the pink
bollworm in the blooms of cotton.

Blooms.
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Loss IN THE Quality op Lint.

The 2-pound gin samples were sent to the United States Bureau
of Markets for examination. Mr. George Livingston, Chief of

Bureau, reported in letter dated April 13, 1920, as follows:

In a general way it may be stated that all of the samples were of ver> poor quality,

especially as regards length and strength of staple. The results obtained through

the ordinary commercial classification of cotton were confirmed by individual fiber

strength tests which produced subnormal results. It is commonly considered that

upland cotton should show an average strength for individual fibers of about 8

grams, but none of the Mexican samples possessed that degree of strength. Several

of the samples were so weak that a considerable portion of the fibers broke upon being

inserted in the jaws of the testing machine. Such cotton is so weak in staple as to be
practically unspinnable.

The exact degree of the deterioration in the quality of lint men-
tioned above which is due to the pink boUworm can not be definitely

stated, but undoubtedly a certain percentage of it is caused by mal-

nutrition of the seed, which arrests the development of the lint.

Ballou {11, f. 265) states:

In addition to the actual damage done to the lint and seed of the attacked seed,

there is the injury which results to sound seed in attacked bolls. This appears to be
a matter of malnutrition, the attacked seed making demands on the supply of the

plant food to such an extent that nearly all the seeds in the boll are deprived of a

portion of their nutriment.

Loss IN Weight op Seed.

As the amount of seed destroyed or practically destroyed by
P. gossypiella was found to assume proportions worthy of consider-

able notice, an attempt was made to ascertain the exact loss by
weight caused in this manner. From material picked dui-ing the

year, samples of seed cotton were accurately weighed, hand-ginned,

and the seed examined individually and weighed, with the following

results

:

Table XIII.

—

Loss by weight to seed when hand girtned.
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The (lamagod seed from the first pick weighed h».ss per seed than from
the second pick, and the damage per seed from the first pick was
greater than in the second pick. This is probably because the bolls

from the first pick were attacked when they were greener and the

seeds were attacked when they were more immature than in the

other picks. There is no indication that the number of seeds per

boll is reduced on account of pink bollworm attack, as pointed out by
Gough. Unfortunately, the sample of the third pick is from a dif-

ferent plantation and is not quite comparable with the other samples.

It may be pointed out, however, that the average weight of the sound
seed in the second and third picks is almost the same and that the

loss in the individual attacked seed is greater in the third than in the

second pick. This is thought to be because a much larger number of

larvae had prepared to hibernate in the third pick and a hibernating

larva needs all the available space, especially in the single seed,

and had eaten out the kernels of the seed cleaner to prepare this space.

From the data given in Table XIII the loss in weight of the seed in

the dift'erent picks can be calculated, and this is summarized in Table

XIV.

Table XIV.

—

Summary of table showing the loss in weight of the seed from the different
picks due to pink bollworm attack.

Pick.
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ings were made of the seed from, each pick to determine the loss in

weight between the seed of the different picks (Table XV)

.

Table XV.

—

Weight of even number of containers of cotton seedfor each pick.

Sample No.
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Willcox (7) states that there is marked rechictioji in the quantity

of oil produced and that the quahty is of an inferior grade.

NONPICKABLE COTTON.

It is in this class that the major portion of the gross damage
occurs. As has been previously stated, there is a certain percentage of

the cotton damaged to such an extent as to render it unfit for picking.

This cotton naturally is left on the plants after the pickings are

finished.

An effort has been made to determine the exact portion of the crop

that is affected in this manner. By selecting what appeared to be

average-sized plants (according to the number of bolls per plant,

etc.) in fields of several different average plantations, about 3,000

plants were examined after the cotton had been picked. These

plants were examined individually, the total number of bolls on

each plant and total number of bolls lost on each plant due to attack

of the pink bollworm being recorded. In counting the total number
of bolls an empty burr was counted as a boll, and in the calculations

has the weight of a perfectly sound boll.

In counting "bolls lost," only bolls or portions of bolls which

showed plainly that their damagewas caused by the pink bollwormwere

taken into consideration. Bolls or portions of bolls that showed
themselves to be unfit for picking because of conditions other than

the pink bollworm, such as those attacked by the common bollworm,

C. ohsoleta, or injured by water, heat, and dryness, were counted as

sound boUs (Table XVI).

Table XVI.

—

Loss to crop in nonpickable cotton caused by the pink bollworm.

Place.
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SUMMARY OF DAMAGE BY THE PINK BOLLWORM.<

(1) Loss in squares and blooms: 26.8 per cent of the squares and

blooms shed.

(2) Loss in pickable cotton:

Lint : Deterioration in quality.

Seed: Is reduced 6.9 per cent in weight; quantity and

quality of oil also reduced.

(3) Loss in nonpickable cotton: 19.98 per cent of entire crop ren-

dered unpickable.

The damage to the nonpickable cotton and the loss by weight in

the seed in the pickable cotton can be reduced to a monetary basis.

Assuming lint to be worth 30 cents per pound and seed worth $60

per ton, the value of 500 pounds of lint would be $150 and 1,000

pounds or h ton of seed would be worth $30, or a total of $180 per

bale. For every bale picked there is 19.98 per cent of the seed and

lint left in the field as nonpickable cotton, or, in other words, the

amount of cotton actually picked represents only 80.02 per cent of

the crop if no pink bollworms were present. Then the value of the

crop produced would be $224.90 rather than $180. The loss of

19.98 per cent of the potential crop ($224.90) is equal to $44.93 per

bale. In addition to this there is 6.9 per cent loss by weight in the

seed of the pickable cotton (which represents the 80.02 per cent of

the bale not included in the 19.98 per cent loss or nonpickable cotton),

which amounts to $2.07. Therefore the total loss is $47 or 20.89

per cent of the value of the bale.

The calculable loss that can be specifically stated on a definite

percentage basis is 20.89 per cent. In addition to this figure there

should be added the losses incurred in the shedding of the squares,

deterioration in the quantity and quality of the oil in the seed, and

the weakening and irregularity of the staple in computing the total

damage caused by the pink bollworm.

FOOD PLANTS.

While cotton (Gossypium spp.) is by far the most favored food

plant, a number of other plants have been recorded as host plants of

the pink bollworm. Maxwell-Lefroy (2) records a species of Hibiscus

and the oily seed of trees (species not given) in India; Fullaway (3)

reared a single specimen from milo {Thespesia populnea) in Hawaii;

< Damage during 1920.—The damage to the Laguna crop by the pink bollworm was unusually severe

during 1920. Frost did not come in 1919 till very late and this was followed by a mild winter, which

allowed a large percentage of the hibernating larv-p to pass the winter successfully. The fields were ex-

amined during the latter part of Jime, and it was very evident that the infestation in squares and young

bolls was heavier than it had been in 1918 or 1919. The cotton was also further advanced and was growing

rapidly, with very good prospects for a large crop. About tliis time there were severe outbreaks of

aphids {Aphis gossypii), thrips, and rust (Aecidium gossypii) which checked the growth of the plants

BJid gave them a setback from which they never recovered. This caused the plants to produce very few

bolls, and the infestation by the pink bollworms and the percentage of loss have consequently been very

high. Estimates made in November showed that the pink bollworm had injured 31.3 per cent of the

crop so badly that it was rendered unfit for picking and that there was 7 or 8 per cent additional loss

attributable to the insect by the lowering of the quantity and quality of the pickable cotton, or a total of

38 to 39 per cent loss of the crop.
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PINK BOLLWORM.
Larvae feeding in the walls of the pods and seed of okra.





PINK BOLLWORM OF COTTON IN MEXICO. 38

Busck (8) bred the pink hollworm from Gosmjjyium, tomentofium in

Hawaii, but did not find it in milo; King {9) reports it from hanbuk
{Ahutilon &\t.) in iVfrica; and Goiigh {12) records mallow ( Ifa/iJa sp.).

Willcocks (7) states that the food plants in Egypt are bamia or okra

(Hibiscus esculentus), teei or hemp (Ilihiscus cannahinus) , and holly-

hock (Althaea rosea).

A number of malvaceous plants were grown beside heavily infested

cotton on the laboratory grounds and several became infested.

Okra (Ilihiscus esculentus) became rather heavily infested in every

instance when grown in close proximity to cotton. Table XVII
is a complete record of all the seed pods grown on 30 plants at

the laboratory dm-ing the season of 1919. From August 14 to

December 3, 590 seed pods were examined with the following results:

66.7 per cent were infested with live larvae and pupae, and the total

infestation, including seed pods that were unmistakably infested but
in which no larvae or pupae were found, was 73.8 per cent. The in-

fested seed pods averaged 2 larvae, pupae, and exit holes.

Table XVII.

—

Seed-pod examination of Okra (H. esculentits).
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large screen cages were constructed over heavily infested okra in the
fall of 1918. The entire plants with the fruits attached were left in

the cages during the summer of 1919. Repeated examainations were
made of all fruits formed during 1919 and no infestation ever devel-

oped from the hibernating larvas. The protection afforded by the

okra is not as good as the protection afforded by cotton. The seed

pods crack open on drying and the seeds with tlie larvae webbed up
in them drop to the ground, the larvae becoming subject to the detri-

mental effects of water and attacks of insect enemies.

Under the same conditions hollyhock {Althaea rosea), a very com-
mon ornamental flower, was found to be subject to the attack of the

pink bollworm larvae, the insects being found in the buds, flowers,

and seed pods.

Hibernating cages were also constructed over hollyhock plants

and experiments conducted in the same manner as with okra with

negative results. No reinfestation occurred from hibernating larvae.

The flower buds, flowers, and seed pods of Hibiscus syriacus were
attacked by the pink bollworm, the manner of attack and feeding

habits being the same as in cotton and okra. The infestation in the

flower buds was light, but the seed pods were nearly all infested and
some contained several larvae.

One pink bollworm larva was taken from a seed pod of the Con-
federate rose (Hibiscus mutabilis).

Seeds from 25 species of malvaceous plants were collected in

southern Texas and planted in close proximity to cotton at Ciudad

Lerdo. Of this number only the following species grew : Hibiscus cocci-

neus Walt., Hibiscus militaris Cav., Hibiscus lasiocarpus Cav., 3Ial-

vastrum americanum (L.) Terr., Sida spinosa L., Wissadula lozani

(Rose) Fries, and Kosteletzkya virginica L. Some of these have small

seed pods and are not well adapted to the feeding liabits of the larvae,

but the following species were attacked by pink bollworms.

Only one plant of Hibiscus coccineus grew. It developed 7 seed-

pods and 5 of these were infested.

Hibiscus militaris was attacked both in the flowers and seed pods.

The same rosette appearance takes place in the infested flower as in

upland cotton.

Kosteletzkya virginica was also attacked. The plant is a very pro-

fuse bloomer, but the seed pods are rather small to be well adapted

for the larvae, though two full-grown larvae were found in seed pods.

Malvastrum americanum was infested. One specimen was taken

in a seed pod.

A species of Malva ( Malva parvijiora L. ?) grows rather abundantly

along the borders of the fields in the Laguna, but was never found

to be infested under natural conditions. The seed pods are too small

to be well adapted for pink bollworms, though larvae can reach ma-
turity in a single pod.
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DISPERSAL.

The most important factor in the dispersal of the species is man.
By his transportation of cotton seed and cotton products he has car-

ried the insect from its original home to all parts of the cotton-produc-

ing world. Once it is established, local dispersal from one field to

another is also by flight, and in some instances the carriage of the

larvae by water is of importance.

CARRIAGE OF LARV^ IN SEED FOR PLANTING AND OTHER PURPOSES.

The transportation of infested seed by man from place to place is

the usual means by which this insect is carried to new localities. It

was introduced into Mexico in 1911 with seed for planting; into

Brazil in 1911-1913 with seed for planting; and more recently into

certain parts of Texas with seed in cotton and seed for milling pur-

poses. From what has already been stated concerning the habits

of the pink bollworm, it is evident that seed from an infested field is

sure to contain a certain percentage of infestation, and it is known
that the resting larvae can live for at least 2 years in such seed. It is

thus seen that the larvae are admirably adapted for transportation

over great distances in this way. Seed, moreover, is often inci-

dentally carried with other products. Railroad cars which have

been used for shipping cotton seed are a very dangerous example of

this. Seed will usually be found in the cracks and corners and be-

tween the walls of the car. Numerous instances of this have been

noted, particularly by inspectors at border points, where live pink-

bollworm larvae were taken from cars which had been used for seed in

the Laguna district and later used for exportation of other products.

Bales of cotton often carry seed and as many as several hundred seeds

have been found mixed with the lint and attached to the bagging.

Cotton waste and used cotton bagging are other items usually having

seed attached to them. Cotton pickers in Mexico often move from

plantation to plantation. It is a common practice with them to carry

their own picking sacks and among their belongings seed cotton and
cotton seed are often found. These and similar practices are common
means by which the insect is carried.

FLIGHT AND CARRIAGE OF ADULTS.

While the moth of the pink bollworm is small, it has ample wing

power for its size and is capable of quick, darting flight. When
disturbed during the day it flies only a short distance and hides

under the nearest object. On the other hand, several hundred

moths were liberated on top of the house where a light breeze was
blowing, in the morning and at dusk. About half of those liberated

in the morning flew only a few feet before settling dowTi, while the

others flew upward and away as far as the eye could follow them.

Those liberated at dusk nearly all flew upward and away till lost to

sight. In all cases they flew with the wind and not quartering to it,

as some insects do. Up to the present time no conclusive data have
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been accumulated along this line, due to the nocturnal habits of the

moth and the fact that in Mexico it was so generally distributed that

no uninfested isolated fields were found.

The average duration of the moth stage in captivity is about 14

days. If the moth flies only a short distance before coming to a rest,

it would appear certain that it may again proceed for another short

distance. If there were nothing to influence the direction of its

fUght, it might fly in any direction and as likely as not return to its

original starting point; but if the direction of the flight is influenced

by the wind, as it was in our observations, it would fly with the wind,

and where there is a prevailing wind from one direction the moth
would be carried in the same general direction farther and farther

from its starting point and might cover a considerable distance

before dying. In the eradication work in Texas a 5-mile non-

cotton zone around infested territory is used to prevent dispersal

by flight, and it is thought this zone is reasonably safe. The moths

have seclusive habits, and frequently hide in cracks, crevices, and

dark corners. At the railroad stations in the Laguna cars stand

upon the side tracks within a few yards of the cotton fields for days

or even weeks at a time while being loaded and unloaded. Trains stop

for long periods of time near the fields to unload supplies, and when
these stops are made at night, when the moths are flying about, it is

possible that some of the moths might secrete themselves in the cars

and later be carried to distant points. There is the same danger, though

to a lesser degree, in vehicles passing cotton fields along the roads.

CARRIAGE OF LARV^ BY WATER.

Cotton plants with bolls attached were often seen floating down
the Rio Nazas when it was at flood stage, and old bolls are carried long

distances when fields are overflowed. Some experiments were made
at Dr. W. D. Hunter's suggestion to determine how long larvae could

survive exposure to water. Free larvse with no protection whatever

pupated and produced moths after being in water in tubes for 44 hours.

Larvae survived for several days after being in water longer, but

none produced moths. Larvae in cocoons sm^vived 72 hours in water

in tubes and free larvae placed in pill boxes perforated with a needle

produced one adult after 8 days' submergence in a pitcher. PupaB

did not survive as long as larvae. Old bolls picked in January, 1918,

and stored in the laboratory till April, 1919, were submerged in

water and left floating on the surface of water in a trough. Larva3

pupated and produced adults after 7 days in both instances, but no

adults emerged after 11 days in either case.

Several plants containing green bolls heavily infested were placed

in the river and tied so that they could not float away. When there

was enough current in the river to keep the plants floating at the

end of the string the bolls were all washed away at the end of 4 to 5

days. When there was no current the plants sank to the bottom

and all the larvae were found dead in 3 days. It is quite likely, however,
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that when ])l;uits arc allowed to float free and move with the current

the bolls will remain on the plants longer. When floating in tliis

manner part of the plants are always out of water and, as they revolve

more or less, the same bolls will not be submerged all the time and
larvjB will survive more than 3 days. To determine how long larvas

would live in green bolls, sample bolls were placed in a trough
and examined daily. The bolls floated and larva? lived for 10 days.

On the eleventh day all of the bolls sank to the bottom and were very

rotten, and no live larvte were found in them. The results of these

experiments are summarized in Table XVIII.

Table X"\^III.—Effect of loater on -pink hollworm larvse.

Condition of exposure. Niimlier troaterl.
Time of Per cent

exposure, killed.

Loose larvae in tube of water

.

Loosecoooonsin tnlii' ofwater.

Double seed in tube ofwater.

Seed and cocoons in pill boxes
perforated with needle
(3 seeds and 2 cocoons in each
box. Counted together).

Bolls floating on water in
trough. (Bolls picked in
December, 1918, andstoredin
laboratory. Contained many
dead larvse not included in
count.)

Bolls submerged in water in
trough (same kind of bolls as
above).

Green bolls submerged in slat-

ted box in river.

Plant with green bolls attached
floating on surface of river,
Sept. 13, 1919.

143 green cotton bolls placed in
container of water. Water

. daily.

51arv8p
7 larvae
20 larvaj and 3 pupae.
30 larvae
lOlarvae

(5 lar-

201arvfr...
....do
10 larvae...

10 double
vae.)

10 double seed (3 lar-

vae.)

1 box
....do
....do
....do
....do

do
do

.....do

.....do
21 boxes
20 bolls (29 larva;).

20 liolls (12 larvae)...
20 bolls (.56 larvae)...
20 1iolls(17larva3)...
120 bolls (273 larvae).

20 boUs (30 larvae)...

20 bolls (113 larva;)..

20 bolls (46 larvae)...
20 bolls (14 larvae)...

120 bolls (169 larvae).

bolls (37 larvae).

10 bolls
10 bolls

10 bolls (40 larvae).
9 bolls (19 larvae)..

7 bolls (11 larva;)..

20 bolls (122 larv»)
20 bolls (12.5 larva;)

20 bolls (133 larvae)
20 Ijolls (107 larva;)

15 bolls (84 larva;).
16 bolls (73 larva;).

10 bolls (61 larva;).

10 bolls (51 larvae).

6 bolls (43 larvae)..

6 bolls (29 larvae)..

Hours.
20
44
120
144
48

72
96
120
96

Days

11

14
17

18

Hours.

Days.
7.3
3.1

6.3
60.7
31.5

100.0
100.0

1 pupated afterwards.
2 pupated afterwards.
Larvae lived several days.

Heavy cocoons: 1 adult
emerged.

Heavy cocoons.
Do.
Do.

2 larvffi alive.

2 pupated afterwards.

Bolls covered with algae
and rotten.

Do.
Do.
Do.
Do.

2 pupated; bolls covered
with algae and rotten.

1 larva lived several days;
bolls rotten.

Bolls rotten.
Do.
Do.

Bolls fermenting and very
sticky.

Interior bolls rotten.
Badly rotted.
Bolls fermenting.
Interior of bolls rotting.
All of live larvae found in
two l)olls which were not
submerged.

All dead in two badly de-
cayed bolls.

Decaying.
Some in bad state o f decay.

Do.
Some bolls rather small
and badly decayed.

Bolls decaying rapidly.
Some still floating; badly
decayed.

Badly decayed.
Very rotten.
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In general, it may be said that larvge will live in bolls submerged
in water or floating on the surface of the water till the bolls them-
selves are thoroughly rotten. This may be a week or more, depend-
ing upon the condition of the bolls. The old dried bolls and larvae

webbed up in bits of rubbish are particularly likely to carry an infes-

tation a long distance, for they float more readily than green bolls.

One of the large plantations was considering dividing their property
into zones which would be planted in cotton only every third or
fourth year in order to reduce the damage by the pink bollworm, but
the danger of reinfestation by irrigation water was considered so great

that it was not adopted.

NATURAL CONTROL.

From the data collected in 1918 and 1919, it is concluded that the

maximum infestation and the maximum damage to the cotton of

the Laguna have been reached by this time, except for slight yearly

variations due to climatic conditions which may have some efi'ect

on the development of the pink bollworm and its attack on the

cotton. It is the belief of the plantation owners that the damage
or loss to the crop has remained about the same since 1916, or that

the maximum had been reached at the end of five years from the time

of introduction.

MORTALITY OF NEWLY-HATCHED LARV^.

It has been shown in Table III that 47.1 per cent of the pink
bollworm eggs are not deposited on the squares or bolls. The larvse

from these eggs must crawl some distance before reaching food. In
this migration they are readily attacked by insect enemies, are ex-

posed to the hot sun, become weakened and exhausted, and event-

ually may succumb to starvation. It is thought that very few or

possibly none of the larvse from this 47.1 per cent of the eggs ever

enter the squares or bolls. Many of the larvae from the remaining
52.9 per cent of the eggs deposited on suitable parts of the plant

never succeed in entering the bolls or squares either. To determine

what percentage of the larvse hatching from eggs deposited on the

plants fail to enter the bolls or squares, five plants were examined.
These records were carefully made. Every part of the plant was
closely examined with a hand lens for eggs and eggshells. The larvse,

pupse, and exit holes were also carefully counted and the mortality

rate calculated from the number of eggshells found on the plants

and the total infestation of the plants. The results are given in

Table XIX.
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Table XIX .— }fortality of larva of P. gossypiella.

39

Num-
ber of
plants.
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25 per cent, in addition to the 47.1 per cent laid on other parts of

the plants and assumed to be lost, would bring the total mortality

of young larvae up to 72.9 per cent. This figure (72.9 per cent) is

thought to approach more closely what actually takes place in the field

than that of 62.1 per cent based on the number of empty shells found.

This is borne out by laboratory experience where the mortality was

90 per cent or more.

Once the larvae are inside the bolls there is very little or no mor-

tahty during the summer months.

MORTALITY OF HIBERNATrNG LARV^ IN THE FIELDS,

There is a very heavy mortality in hibernating larvae left in the

fields during the winter, especially when the fields are irrigated. Ex-

aminations of old bolls picked up in the fields showed that about 80 to

90 per cent of the larvae survived till February, and that the mor-

tahty rapidly increased from this date onward. The mortality varies

greatly in different samples, but by the end of March it is difficult to

find any live larvae in the scraps picked up on the ground in the fields.

There are still live larvae present, but the old bolls have broken up,

scattered, and in cultivated fields are difficult to find. On March

13, 1918, only 3 live larvae were found from a bushel of old bolls and

trash picked up in a lightly infested field at San Pedro. On April

16, 1919, no live larvae were found in the old bolls left on the ground

after cattle had grazed over the fields at Tlahualilo, but about 5 per

cent were still alive in the bolls left on the stalks.

To secure more data on this point, two series of experiments were

started on November 26, 1918. One experiment was under as nearly

normal irrigated field conditions as possible and the other under non-

irrigated conditions. The fields in the Laguna are usually irrigated

in November, December, or January, when cotton follows cotton, as

it does on most plantations. When fields have been lying faUow for

a season, the water is applied any time during the year when it is

available. About 3 feet of water is placed on the fields and allowed

to soak in. This requires from one to several months, depending

upon the character of the soil. In the experimental plot irrigation

was started on December 2 and continued till December 8, when the

motor burned out. Water was again applied on December 23, 1918,

and continued daily until January 22, 1919. On account of the

small amount of electric current available, the plot could not be filled

3 feet deep, but the daily application of a few inches of water kept

the ground thoroughly wet and covered with water at least part of

each day.

In each of the series the larvae were exposed under wire cages in

bolls in a single layer on the" surface of the ground, in bolls buried 6

to 7 inches deep, and in double seed buried one-fourth inch deep in

flowerpots which were set in the soil flush with the surface. More-
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over, larvae removed from all seed and lint were placed in screened

boxes and flowerpots and allowed to enter the soil. These were also

buried flush with the surface of the ground. A sample of the bolls

used was examined at the time and found to contain an average of

6.64 fourth-instar and 0.03 third-instar Isa'vse per boll. The material

was examined at different dates and the results are given in Table XXI.

Tahle XXI.

—

The mortality ninnng hibernating Pectinophora yosaypiella larva: under
different field conditions.

Ex-
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Table XXI shows that no live larvae were found during May and

June among those removed from seed and lint or in double seed

buried in the irrigated plots (Experiments Nos. 557 and 558 A to D),

and that 12.S per cent were alive or had emerged as moths under the

same conditions in the nonirrigated plot (Experiments Nos. 560 and

561 A to C). No live larvae were found in bolls buried in irrigated

plots from March 10 (the first examination) until June 6 in Experi-

ment No. 559 A, and none in bolls buried in nonirrigated plot (Experi-

ment No. 562 A) after April 24. The surrounding soil had been irri-

gated and when the last examination was made on June 7 the soil in

the nonirrigated plot was found moist about 3 inches below the surface

from water that had seeped in from below. From this experiment

6.2 per cent survived till April 24. There was less mortality in the

bolls when left on the surface of the ground than when buried. In

the irrigated plot (Experiment No. 559 B) live larvae were found in

bolls left on the surface of the ground at the last examination on
June 4, 1919, and 9.7 per cent had survived or previously emerged
as moths on this date. On the nonirrigated plot (Experiment No.

562 B) 50 per cent of the larvae in bolls on the surface were alive on
June 7, 1919. At the next examination, on July 25, all of the larvae

were dead.

In all of the experiments, especially the later examinations, many
of the larvae were not recovered because the dead larvae were so decom-
posed they were not recognizable. Very few if any escaped, for the

buried bolls had close-mesh wire screen over the top and along the

sides, extending below the level of the bolls. The earth surrounding

the material was carefully sifted and larvae and pupal skins found

here counted with the others. The percentages of mortality for the

bolls are based on the number of larvae found in the samples at the

beginning of the experiments. This is not absolutely accurate,

because the number of larvae may vary considerably in individual

bolls, but it is the most reliable figure to use inasmuch as the actual

number of dead larvae could not be determined.

It is seen that the mortality increases as the season advances, even

where the conditions were most favorable, no live larvae being found

as late as July 25, and that the mortality in all the experiments was
greater when the larvae were buried than when they were left on the

surface, and greater when the plots were irrigated than when left dry.

These experiments also show that the greatest danger for starting

a new infestation from material left in the fields is the old bolls

left on the surface of the ground. Over 9 per cent of the larvae in

these bolls on the irrigated plot survived till June 4 and 50 per cent

survived in the nonirrigated plot. At this season the cotton will be

large enough for oviposition to begin. Under the usual field condi-

tions the irrigated lands will have been cultivated before this date
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and the mortality increased by breaking up and })urying the bolls.

On the other hand, the bolls float on water and the wind frequently

blows them against the borders on one side of the field, where they are

piled up several inches or more deep. This concentration keeps some
of the bolls out of the water and affords more protection for the bolls

in the interior of the pile against heat and cold. If the fields are not

irrigated it means they will not be planted the following year and
such fields are usually grazed by goats, cows, and burros, which eat

many of the bolls.

Whether or not the results obtained in these experiments during

only one winter^ hold true for what actually takes place in the Laguna
it is impossible to say, but they indicate beneficial results from irriga-

tion and burying the bolls. That a very heavy mortality, probably

more than 95 per cent, does take place in the fields is shown by field

examinations of the bolls and the very light infestation in the early

part of the season. There are such enormous numbers of larvae

hibernating in the fields that the crop would be entirely destroyed

if the mortality was not very high.

Willcocks (7) in Egypt left bolls out of doors exposed to the sun on

the surface of dry ground and ground that was watered periodically

(three waterings). He found a very high mortality during April,

May, and June, and all the larvae were dead on June 25. There was
a slightly higher mortality among the larvae in the watered bolls and

all the larvae were dead on April 8, while some survived in the dry

bolls till May 3. His figures "most certainly show that the chance of

resting-stage pink bollworms surviving in the bolls fully exposed to the

sun on the surface of dry sheraki land in May, June, and July is a re-

mote one." He buried another lot of bolls on November 24 in damp
soil in boxes. Some of these were kept dry and others wet. Some
were stored indoors and others outdoors, though none were in direct

sunlight. There was less mortality in the buried bolls than in those

left on the surface exposed to the sun, and he says, in speaking of wet

conditions, "this does not seem to be materially disadvantageous to

the pest. " In all of the buried bolls there was a decided emergence

of theiarvae to the top of the soil, which began as soon as the bolls were

buried (November 24) and continued intermittentl}^ in some cases

where the bolls were kept dry till the following November. Water
hastened this larval emergence when applied in the fall or the fol-

lowing spring, but though the bolls were badly rotted the larvae were

still able to remain in them, and spun up in their almost water-tight

cocoons during March, April, and May.

In our experiments in Mexico, larvae survived better in bolls on

the top of the ground than when buried and better when left dry

than when irrigated. In Mexico the temperature was never as high

'These results were substantiated by experiments during the winter of 1919-20.
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as it is in Egypt in May and June (107° and 111° F.) and our bolls

received some protection from the sun by the screen covering of

the irrigated bolls and the cheesecloth covering over the nonirri-

gated bolls. Furthermore, our bolls were probably kept wetter

during the 30 days when they were wet than Willcocks's were, but

bis were kept wet for a longer time. There was but very little larval

emergence in any of our bolls. This is shown by the large numbers

of dead larvae found in situ in the earlier examinations, when they

were still recognizable, and by the few larvee or pupal skins found in

the surrounding soil. There was more larval emergence from the

bolls in the irrigated plots where 12 pupal skins were found in the

soil than in the nonirrigated where only 2 or 3 were found. About

half of the larvae recovered in the bolls were in the lint, but no count

was kept of this point and it is not known whetlier there v.'^ere more

than are usually found in lint in the bolls in the fields during the

fall or not. In the case of the double seeds in the irrigated plot the

following note was made: "Earthen cells were noticed in a few

instances, apparently some of the larvee left the seed." In the double

seed on the nonirrigated plot 4 pupal skins were found in the soil.

On March 11, 1919, 100 bolls which were picked on December 7,

1918, and stored in the laboratory till this date were buried 1 to 2 inches

deep in a box of soil and wet thoroughly. The box was sprinkled

often enough to keep it thoroughly wet for 30 days. On April 11

the contents were carefully examined and 35 live larvae and 90 dead

larvae were found in the bolls and only 4 larvae and 2 pupae in the

soil. Willcocks (7) found a very sudden increase in the number of

larvae emerging to the surface in a box of bolls buried in dry soil and

watered in the spring.

Unfortunately a sufficiently large sample of bolls for our check

was not examined at the beginning of the experiment to determine

the mortality until this date, and the check sample examined at the

end of the experiment contained more live larvae than at the begin-

ning. The indications were, however, that the treatment had killed

a large number of the larvae. The bolls were totally rotted and

larvae which were dead at the beginning of the experiment were

unrecognizable at the finish.

MORTALITY OF HIBERNATING LARV^ IN STORED SEED.

The number of larvae found in the ginned seed is very small com-

pared to the number found in the bolls when the cotton is picked.

In the Laguna the seed cotton is passed through cleaners or beaters

before it goes to the gins to remove the trash and dirt. This causes

most of the larvae to leave the lint and many are undoubtedly driven

from the seed also during the process. Larvae are thrown out by

the thousands with the trash that comes from the later pickings, and

in some cases the pile of trash and the sides of surrounding buildings
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are pink with crawling larvae Many of the double seeds are torn

apart in the cleaner and gin, though some go through unharmed.

It is extremely disappointing to look for larvte in seed which comes

from heavily infested cotton. In such seed in the winter or spring

one can rarely collect more than 75 to 100 live larvae in the course of

an eight-hour day. Ten samples of 2,500 seeds each were taken on

different occasions during February and March, 1918 and 1919,

from seed houses, examined seed by seed, and only 9 live larvae were

found.

For our rearing work larvae were removed by hand from the bolls

and placed in fruit jars with seed to pass the winter. Table XXII
shows that the mortality among larvae removed from boUs in No-
vember and stored in the laboratory during the winter of 1918 and
1919 was 22.6 per cent and that 0.4 per cent were stiU alive November
20, 1919, when the work; was discontinued.

Other larvae were disturbed as little as possible and were left in

the double seed where they had prepared to spend the winter. The
double seed were picked from the lint by hand and stored in the

laboratory under the same conditions as the others. Table XXIII
shows that tliere was 16.2 per cent mortality among larvae in double

seed and that 4.4 per cent were stiU alive on November 20, 1919.

Table XXII.— Mortality among larvae, removedfrom bolls arid kept in the laboratory in a
condition as near to that of stored seed as possible.

Date collected.
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in the seed warehouses, because the dead larvae are so hard to find,

but it is evident to one collecting larvae that it is much higher in

the early spring than in the fall. The mortality was 80 per cent

among larvae thrown out by the cleaners and stored indoors during
the winter, and in this sample only the most active larvae were used.

Table XXIII.— Mortality among larvse in double seeds removedfrom lint by hand and
stored in jars in the laboratory.

Date collected.
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taken by the nym])hs and adults of three species of small undeter-

mined Hemi]5tera is evidently very high. The attacks on the

small pink bollworm larvae from these ])redators are so important

that daily examinations of all food ])laced in the breeding cages was

absolutely necessary. Often one small nym])h would destroy the

larva; from a large number of eggs during the night.

The larvfe of a lace-wing, Ghrysopa rufilabris Burm., attacks

the newly hatched pink bollworm and also the larger larvae in the

flowers.

Only very rarely is a dead larva found inside a boll. The feeding

habits within the green l)oll greatly reduce the chances of attack by
parasites and predators during this period. Wlien the exit holes

are cut, or the boll begins to open, or when the larvae are migrating

to the ground, they are exposed to these enemies for a short time.

This short period of exposure may account for the very few parasites

found. Only three species and one specimen of each were found

attacking the larvae. They were the Hymeno])tera Hahrobracon

sp., Parisierola emigrata Rohwer, and a small dipteron, Tortri-

cioplmga tortricis Coquillett. The scarcity of these parasites during

the two years proves very conclusively that no relief can be hoped

for from this source.

The pupae of the pink bollworm in Mexico were not attacked by
parasites, so far as our observations show.

The small chalcid TricJiogramma minutum Riley may prove bene-

ficial in parasitizing the eggs of the pink bollworm, but it was not

observed attacking the eggs until late in the season, and then only

very rarely.

An outbreak of mites, Pediculoides ventricosus Newport, occurred

on the hibernating larvae in the laboratory in 1918. Steps were

taken immediately to check them by burning all infested material.

To what extent these mites occur in the seed houses was not deter-

mined.
REPRESSION.

FUMIGATION OF SEED.

From the known instances in which infestations have occurred

from larvae planted in the seed there can be no doubt of the danger
of planting infested seed. Several methods of killing the larvae in

the seed have been used in Egypt and other places (10), but all

fall into three classes: Immersion of the seed in some substance to

kill the larvae, treatment with heat, or fumigation with poisonous

gases. Immersion of seed in liquids is obviously out of the question

where tons of seed are used for planting on a plantation. In Egypt
larvae can be killed by exposing them to the heat of the sun. Pre-

liminary experiments showed that the temperature in Mexico during

the planting season was not high enough to kill the larvae and that
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cotton seeds are very poor conductors of heat. Machines (4, 6)

have been perfected for passing the seed on an endless belt through

air heated to 130° F. and houses have (7) been constructed for

heating a mass of seed sufficiently high to kill the larvae, but in

Mexico fuel is scarce and very expensive, so fumigation with poi-

sonous gases seemed the most economical and practical method
to use.

A fumigation chamber of adobe bricks set in mud, the usual type

of building in the Laguna, was constructed. The walls of this

chamber were about 20 inches thick and were plastered on the in-

side and outside with cement. The floor was of brick set in mortar.

During the fumigation the wooden door was closed and several

thicknesses of wall paper plastered over the cracks. The size of the

room was 5 by 8 by 10 feet, or 400 cubic feet. Three tons of cotton

seed filled it about 5 feet deep. Experiments were made with seed

placed in the room in bulk and in sacks. Carbon disulphid and

hydrocyanic-acid gas were used.

Carbon Disulphid.

Live larvse, pupse, and adults were placed at different depths in

the seed, usually near the top, center, and bottom of the pile. The

use of adults was discontinued after the first few experiments on

account of the death of all the moths, while in the same experiments

the mortality of the larvae varied a great deal. Pupae did not seem

more difficult to kill than larvae. Larvae, and pupae when they could

be obtained, were placed in single, double, and triple pill boxes, at

least 60 larvae and sometimes more being used for each experiment.

Larvae in double and triple boxes were thought to be about as diffi-

cult to kill as larvae webbed up in seed would be. Sometimes the

larvae would spin cocoons in the boxes before they were placed in the

house, but such larvae were killed along with the others. Where
only a few larvae were not killed they were always in the triple boxes

on the bottom of the pile.

As only one lot of 3 tons of seed was available, the seeds were

taken from the house and left exposed to the sun for several days

after each experiment. When the seeds were returned to the house

the boxes of larvae were tied in a muslin bag and placed in position,

the disulphid placed in shallow vessels on the top of the seed, and

the door sealed.

Considerable difficulty was experienced at first in determining

whether larvae were dead or not. All of the larva3 would appear

dead when removed, but they still retained their pink color and some

of them would revive and pupate after lying in a comatose state for

a week or more. Later all the larvae were kept until we were abso-

lutely sm"e whether they were dead or alive. Table XXV is a de-
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tailed account of the fumigations that were made with carbon

(hsulphid.

Table XXV.

—

Preliminary fumigation experiments with carbon disulphid for P. gos-

sypiella in cotton seed.

Experi-
ment
No.



50 BULLETIN 918, U. S. DEPARTMENT OF AGRICULTURE.

the summer time, when the temperature inside the house was 75° to

80° F. Experiments 13, 19, 29, and 30 were made to decrease the

dosage needed. All larvse were not killed in experiments 13 and 19,

where the dosage was 1 pound disulphid to 100 cubic feet with long

exposures, but all were killed in experiments 29 and 30, with 1

pound to 85 cubic feet and a 24-hour exposure.

Table XXVI is a summary of the carbon disulphid experiments.

From these experiments it is seen that satisfactory results were

obtained by using 1 pound of carbon disulphid to 80 cubic feet for

24 hours or longer when the seeds were not over 5 feet deep.

Table XXVI.—Fumigation of cotton seed vdth carbon disulphid.
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Table XXVII is a summary of the experiments with the use of

hydrocyanic-acid gas. From these experiments it is seen that it is

not practicable to use hydrocyanic-acid gas when the seeds are over

4 inches deep. It could not be recommended even when seed is in

ordinary bags, for the center of a bag of cotton seed is more than

4 inches from the surface of the sack exposed.

Table XXVII.

—

Fumigation of cotton seed irith hydrocyanic-arid gas.

Experi-
ment
No.
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Table XXVIII.— Weekly examination of bolls from poison experiments: Average num-
ber of larvx per boll.
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large numbers of moths wore emerging from material at tlie labora-

tory which hafl been taken from this same shed a few weeks before,

and it is certain that large numbers of moths were emerging in the

seed shed while the trap was in operation. Light traps have been

recommended as a means of control by several people. Gough (13),

Willcocks (7), Ballou {11), and others report catches of thousands of

moths per night in light traps. Ballou (11) found that most of the

moths came to the light in the hour following sunset. Some authors

found lights so attractive to the moths that they were used to deter-

mine the number of moths emerging from stored material, but in

Mexico we found that practically none came to the lights. Busck (8)

in Hawaii also found that the pink bollworm moths were not at-

tracted to lights.
Attraction to Fruit.

Cone-shaped traps of the type used for flies were baited with

oranges, bananas, apples, mangoes, guavas, and pineapples and were

repeatedly exposed among the cotton plants with absolutely negative

results.
RECOMMENDATIONS FOR CONTROL.

Too much can not be said and done in encouraging the destruction

of hibernating larvsB. They are the source of infestation for the fol-

lowing year. If 9 per cent or less of the larvte are able to sur-

vive the natural mortality of winter and early spring in irrigated

fields, this small percentage, with the larvae surviving in the seed and

other places, produces an infestation the following year that causes

approximately 25 per cent gross loss to the Laguna crop. Every

hibernating larva killed during the winter or early spring before

oviposition begins means the cutting off of many thousand larvae by

the end of the season. The paramount necessity, then, is to re-

duce the survival of hibernating larvje to as low a figure as possible.

Burning of Old Stalks and Bolls.

Just as soon as possible the stalks should be cut and raked up in

piles. Old bolls, sticks, and trash of all descriptions to which larvae

may be attached should be carefully picked up and burned with the

the stalks, the main object being to burn everything in the field that

contains larvae or would be likely to afford protection for hibernating

larvae. If possible, the cutting and piling of the stalks should be done

while the plants are still green, in this way minimizing the labor and

increasing the effectiveness of the operation. Green stalks wiU

retain most of their bolls, which shatter when they are cut dry. Just

as soon as the piles lose their green color and become more or less

dry they should be burned. Better results can be gained by waiting

for this drying to take place rather than by burning the plants while

they are yet green. Ordinarily the old stalks are cut and burned in
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the Laguna when preparing the land for the new crop. While this is

done for purely agricultural reasons to make plowing easier, large

numbers of live hibernating larvae are killed. On the experimental

plot at Lerdo the stalks were cut on the last day of February and
examined during March. At this examination live larvae at the rate

of over 5,000 per acre were found in the bolls attached to the stalks.

So many bolls had fallen or were knocked off during the cutting and
piling that over half were left on the ground. A little extra effort in

collecting and destroying these is well worth while. No boll or piece

of cotton is so small or negligible that it should not be picked up and
burned.

Cutting Stalks and Fall Plowing.

Experiments have shown conclusively that the mortality is greater

in hibernating larvae buried in the soil than in those left on top of the

soil and greater in those buried in irrigated soil than in those buried

in dry soil. It has also been found that the most favorable of all

places for larvae to hibernate under field conditions are the old bolls

left undisturbed on standing stalks. During the winter of 1919-20

100 larvae per 100 bolls successfully passed the winter on old stalks

left standing in the fields and were alive on July 12, whereas only 4

larvae per 100 bolls were found alive on this date in bolls lying on top

of the soil. These facts suggest certain agricultural practices that

can be used to good advantage in reducing the number of surviving

larvae.

Ordinarily the old stalks are not left standing in the fields, but on

some plantations large acreages which are not to be cultivated the

following year are left, and on others where "zoca" is produced the

stalks are not cut till late spring or summer. All fields should be

gone over with a stalk-cutter as early as possible, and in many cases

the small amounts of cotton which are picked during the winter

and spring could profitably be sacrificed in order to do this earlier in

the season. Fall and winter plowing to cover the bolls is recom-

mended whenever it is possible, and water should be applied in years

when there is an excess.

Pasturing.

If it is not possible to cut and burn the stalks or plow the field in

the above manner, owing to labor shortage, weather conditions, or

other causes, it is a very good idea to graze the fields. Cattle, goats,

and burros will eat the majority of the bolls on the stalks. One

important drawback to the grazing plan is that there is a certain

amount of infested material tramped into the ground. In one field

near the town of Tlahualilo where the animals had been concentrated,

only about one boll per square yard was found on the ground. In

other fields that had been grazed, but not so thoroughly, an average

of 5 or 6 bolls per square yard was found.
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Cleaning Gins, Oil Mills, and Sked Warehouses.

In Mexico, whore the infestation grows to be very intensive, thou-

sands of live larva) have been observed to come from the cleaners with
the trash. It is the common practice there merely to collect this

trash containing the large number of worms and place it in piles.

The "cleanings" should be caught in a receptacle rather than allowed

to fall on the ground, because the larvae will crawl and secrete them-
selves in cracks, crevices, and rubbish of various kinds. This trash

should be either burned or subjected to some treatment insm'ing the

death of the insects contained therein. If the trash does not contain

too much dirt to make it unburnable, the best plan is to burn it in the

boilers. A very good plan was devised by Mr. T. M. Fairbairn foi

handling the unburnable material. The end was knocked out of

an oil barrel and a small steam line run into the barrel, almost to the

bottom. The trash from the cleaners fell into the steaming barrel

and all larvae were quickly killed.

After the season is over the gin plant or oil mill should be thor-

oughly cleaned. All seed and rubbish should be removed from every

nook and crevice of the machinery and buildings and burned. If

the structure of the buildings permits they should also be fumigated
after cleaning.

It is the usual custom to keep enough seed on the plantations for a

second planting in case it is necessary. This seed should be as care-

fully fumigated as the seed that is planted, and as an additional pre-

caution should be stored in a moth-proof screened room. It was very

noticeable that the infestation alwa3^s began earlier in the season

and was heavier in the fields nearest the gins and seed warehouses.

Fumigation.

All seed used for planting or kept on the plantation after the

fii-st of March should be fumigated. An air-tight room is necessary

for a successful fumigation, and it is better to build a special fumi-

gation house at least a hundred yards from the other buildings, so

that there wiU be no danger from fire. Carbon bisulpliid is highly in-

flammable, and no fire should be allowed around the house while

fumigation is being done. The ordinary adobe construction is

satisfactory, but precautions should be taken to sec that plenty of

mud is used and all cracks between the adobes well filled. A brick

floor set in mortar should be provided and the inside plastered. The
plastering not only makes the building more air-tight, but prevents

absorption of the gases by the walls. The doors should be of matched
wood, and paper should be plastered over the cracks when closed.

Seed may be fumigated in sacks or in bulk, but in cither case should be

packed as little as possible. In no case should the seed to be fumigated

be over 5 feet deep. One pound of carbon disulphid should be used
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for every 80 cubic feet. The entire area of the building should be

calculated and not the space occupied by the seed only. As it costs

as much to fumigate the air space as it does the seed, it is more eco-

nomical to make the room only high enough for a person to stand

comfortably. The size of the building needed can be calculated

from the tons of seed to be fumigated, a ton of seed occupying 85

cubic feet (2^ cubic meters).

All water should be separated from the carbon disulphid and after

the seed is in the house the disulphid poured into shallow vessels

placed on top of the seed. Not more than a pound should be placed

in each vessel, so that it will evaporate quickly. Old gasoline cans

cut down to about 3 inches high, or earthenware bowls, make good

containers. The vessels should be scattered over the top of the

seed pile and the disulphid poured into those farthest from the door

first. There is no danger in doing this, but it is more convenient to

have a number of half-inch pipes fitted with caps or corks extending

through the walls and introduce the disulphid from the outside. As

soon as the liquid is poured into the vessels the door should be closed

and paper stuck over the cracks with flour paste. The house should

be kept closed for at least 24 hours, and longer will do no harm, as

continued exposure to the gas does not injure the germination of the

seed.
Planting Early Varieties.

From the life history and feeding habits of the pink bollworm it

can be readily seen that the later the cotton crop is in maturing the

greater will be the amount of loss. Every cultural practice should

be used in securing as early maturity as possible of the available

cotton varieties.

SUMMARY.

The pink bollworm was introduced into Mexico in 1911 with seed

for planting. Five years later it was generally and uniformly dis-

tributed throughout the Laguna and had reached its maximum
development.

Infestation is started in the spring as soon as squares are formed,

by moths emerging from hibernating larvae, and rapidly increases

until practically every boll is infested with several larvas by fall.

The life cycle is completed in an average of 3 1 days in the summer,

but the larval stage of hibernating or resting larvae may be extended

for 2 years or more.

Dispersal is mainly through the carriage by man of hibernating

larvae in seed, but local dispersion is brought about also by flight and

carriage of adults.

The pink bollworm causes approximately 25 per cent gross damage

to the Laguna crop by feeding in the bolls and squares. This feeding

results in a reduction in the quantity and quality of the lint pro-
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duced, reduction in the quantity of seed, and lowering of the quantity

and quality of the oil content of the seed.

Early cleaning of fields by burning all the old stalks and bolls,

cleaning and fumigation of gins, oil mills, and seed warehouses, the

fumigation of all seed kept on the plantations, and the early maturity

of the crop are recommended as means of control.
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APPENDIX.

The following generic and specific description is reprinted from

"The pink bollworm, Pectinopliora gossypiella," by August Busck,

Journal of Agricultural Research, vol. 9, no. 10, Washington, D. C,

June 4, 1917.

HOW TO DISTINGUISH THE PINK BOLLWORM IN THE FIELD.

Definite and final determination of P. gossypiella in any stage can be made only by

the aid of tlie microscope; and, unless a collector or inspector is thoroughly familiar

with the species, all suspected material should be sent at once to the Bureau of

Entomology for determination. Even a fraction of the insect in any of its stages can

be recognized under the microscope by the characters given in succeeding sections

of this paper.

Fig. 4.—Pink bolhvorm: Adult. (Busck.)

The folio-wing essential characters, all of which can be discerned by the aid of a

common pocket lens, will enable the practical worker to make a reasonably certain

preliminary determination of the insect in all its stages in the field.

If a small dark-brown moth is caught in the cotton field or in a cotton mill or ware-

house and is found to have the forewings pointed and the hindmngs broad and sinuated

below the tip and to possess long curved palpi and long stiff hairs on the first antennal

joint, it is reasonably certain that the moth is P. gossypiella, the adult of the pink boll-

worm (fig. 4, ^1).

If, within the cotton boll or associated with stored cottonseed, a small white or

pinkish caterpillar with ])rown head is found and under a hand lens the mandibles are

58
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seen to have four teeth (fig. 5, A-D) and the crotches on the alxlominal prolegsform a

partial circle or horsehoe, opening ontwards (fig. 5, //), tlu; caterpillar will most

probably prove to be the pink bollworm.

Again, if, within a cotton boll or otherwise associated with cotton in the field or in

the mill, a small lepidopterous pupa is found, which under the lens is found to be

entirely covered with a short velvety pubescence and to possess a short, curved, up-

turned hook at the posterior end (fig. 6. A-D), it may with considerable certainty be

determined as a pupa of the i)ink bollworm.

Fig. 5.—Pink bollworm: ^, Right mandible of larva from underside. B, Loft mandible from underside.
C, Right mandible from upper side. D, Left mandible from upper side. /', Left antenna of larva from
underside.: /, First joint; i', second joint: 3, third joint: 4, fourth joint, i^, Epipharynx of larva: ES,
Epipharyngeal shield; .B T, epipharyngeal seta; r, epipharyngeal rod. G, Labrum of larva: La\,
Lateral labral seta 1; ins, lateral labral seta 2: X-ag, lateral labral seta 3 : Jl/i, median labral seta 1; Mi,
median labral seta 2; il/3, median labral seta 3; p, labral pimctures; r, epipharyngeal rod. if, Underside
of third abdominal segment of larva. (Busck.)

GENERIC DESCRIPTION.

Pectinophora, new genus (Gelechiida^).
Type: Gdevliin (/osstipvlla Saunders.

Moth .—Face and head smooth. Labial palpi long, recurved . reaching above vertex

;

second joint thickened on the imderside with slighUv furrowed brush, which is evenly
attenuated toward apex; terminal joint shorter than second, somewhat thickened
with scales in front, compressed, pointed. Maxillary palpi minute, deflected.
Tongue long, spiraled, scaled in its entire length. Antenna? serrated and finely cili-

ated on the underside; basal joint with hea\y but sparse (5-6) pecten". Thorax
smooth. Fore'nings (fig. 7, A) elongate ovate, pointed, smooth; 12 veins, 7 and 8
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stalked to costa, rest separate, lb furcate at base.® Hindwings (fig. 7, B) somewhat
broader than forewings, trapezoidal; costa deflected from the middle; apex pointed;
termen sinuate; 8 veins; 8 connected with cell by an oblique bar; 6 and 7 closely
approximate at base; 3 and 4 connate; 5 parallel with 4; frenulum simple in the
males, triple in the females. Male genitalia (fig. 9, B), with harpes and uncus well
developed; tegumen evenly chitinized. Posterior tibiae (fig. 9, A) hairy above.
Larva.—Head (PI. V and fig. 8) spherical, nearly circular in outline viewed from

above, a little wider than long; greatest width a little behind the middle; incision
of dorsal hind margin about one-fourth of the diameter of the head ; distance between

Fig. 6.—Pink bollworm. ^, Pupa from front: Zb, Labrum; /, front; c, clypous; </, gena; md, mandibles;
ge, glaced eye; e, eye; mp, maxillary palpus; ini, maxilla; h, first thoracic leg; h, second thoracic leg;

^3, third thoracic leg; a, antemia; tv, forewing; go, genital opening; ao, anal opening. B, Tip of pupa
from left side : c, Crcmaster. C, Mature pupa, with eyes of the imago visible through pupal skin . D, Pupa
from back: /.Front: v, vertex; /i, first thoracic segment: <2, second thoracic segment; <3, third thoracic
segment ni, first abdominal segment; 02, second abdominal segment; 03, third abdominal segment; 04,

fourth abdominal segment; 05, fifth abdominal segment; a^, sixth abdominal segment; a?, seventh
abdominal segment; as, eighth abdominal segment; ag, ninth abdominal segment; ajo, tenth aDdomlnal
segment. (Busck.)

dorsal extremities of hind margin about one-half of the width of the head. Front
triangular, reaching beyond the middle; adfrontal sutures somewhat undulating,
reaching to the incision of hind margin; adfrontal ridges converging from near the
middle, at the point of attachment of tentorial arms, to the longitudinal ridge, which is

one-half as long as front. Projection of the dorsal margin over the ventral is one-half
of the diameter of the head. Triangular plates of hypostoma distinctly separated by a
slightly pigmented gula, nearly equilateral, but somewhat elongated and projecting
slightly beyond the ventral margin of epicranium.

Ocelli six; i, ii, v, and vi forming a parallelogram; iii and iv on a line between ii

and v; v smaller than the rest.^ Epistoma with the usual two pairs of setse (Ej, Ej)
well developed.

6 The European (Gclechia) Pcctinovhora malvcUa Zeller exhibits an amount of variation of the venation
in the forewing which is very unusual in this group of insects. Veuis 2 and :•! in this species are sometimes
coincident or partly coincident at base or at tip; the variations sometimes diflcring in the two wings of the
same insect. No such variation has been ascertained in P. gossypiella, where the venation seems constant,
as given above.

' This numbering of the eyes differs from that of Fracker in that his numbers 5 and are revoised, so as
to make them continuous with the rest. (Fracker, S. B. The Classification of Lepidopterous Larvae . ..
169 p., 10 pi. Urbana, 111., 1915. Bibliography, p. 145-146. Illinois Biological Monographs, v. 2, no. 1.)
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Frontal punctures (Fa) close tofjfether, anterior to frontal sotfc (F,); distance between
punctures less than distance between puncture (Fa) and setae (Fj); frontal setie (F,)

and adfrontal seta^ (Adf, and Adf^) nearly equidistant; second adfrontal seta (Adfj)

approximate to but before beginning of longitudinal ridge (LR); adfrontal puncture
(Adfa) midway between adfrontal setso.

Epicranium with normal number of primary seta», 13, and punctures, 7, and with
tlu-ee small ultraposterior punctures ^ (x, y, and z).®

Anterior seta; '" (A,, Aj, A3) in a slightly obtuse angle; A, and Ag closer together

than Ao and A3; anterior puncture (Aa) between Ai and Ag. Posterior seta'" (P,, Pg)'

and posterior i^uucturcs (Pa, Pb) near the middle of the head; P, on the level with

B

Fig. 7.—Pink bollworm: A, Venation of forcwing; B, venation of hindwing. (Busck.)

adfiontal punctme '-; F^ posterior to Adfg. Pa equidistant from P,, A3 and the lateral

seta (Lj) remote from the anterior group, nearly on the level with Pj ; lateral seta (Lj)

remote from A3, nearly on the level of Pb ; lateral puncture (La) posteroventral to the
seta, remote. Of the ocellar setse (Oj, O2, Oj),^^ Oj is equidistant from and lateral to

ocelli ii and iii, O2 is closely approximate and posteroventral to ocellus i ; O3 is directly
ventral and remote from Og, on a line with ocelli v and vi; ocellar puncture (Oa) be-
tween O3 and ocellus vi, approximate to latter. Subocellar setae (So,, Soj, S03)

triangularly placed, nearly equidistant; subocellar puncture (Soa) between and equi-
distant from S02 and S03. Genal seta (Gi) and puncture (Ga) both present; puncture
anterior to seta.

Labrum (fig. 5, F, G) with median incision rather deep and evenly rounded. The
three lateral seta^ (La,, Laj, La3) close to edge. La, and Laj closely approximate,
Laj remote; median setae (M,, M2, M3) in the usual Micro arrangement with M, lateral

and slightly posterior to M, ; M3 close to anterior margin on a line with La3; M, and
M2 on a line respectively with La2 and La,.

8The nomenclature of the head seta? has been adopted from Heinrich [Heinrich, Carl. On the taxonomic
value of some larval characters in the Lepidoptera. In Proc. Ent. Soc. Wash., v. 18, no. 3, p. 154-164, illus.

1916.] with certain minor modifications, noted in the following footnotes and concurred in by Mi . Heinrich.
9 So-called "secondary punctures" of Heinrich, sometimes bearing minute setae.
1" Anterodorsal seta? of Heinrich.
11 Posterodorsal seta; of Heinrich.
12 The term "on the level with" is used in these descriptions as the head seta; are seen in frontal projec-

tion (V\.\, A); anything above a level is termed "posterior" and anything below is termed "anterior."
13 Heinrich's nurnbering reversed.
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Epipharyngeal shield (ES) merely a slight chitinization of the edge of the median
incision ; epipharyngeal setfe narrow plates, triangularly grouped near anterior margin.

Epipharyngeal rods not discernible in the labrum proper, only represented by their

posterior projections, which are rather well developed.
Mandibles (fig. 5, A-D) strong, as broad as long, with four stout, rather short teeth;

the three lower ones pointed; the upper blunt; a fifth lower tooth is slightly indicated

on the underside; one long and one shorter seta on upper side near lower edge.

Labium and maxillfp normal (fig. 8, C).

AntenniB (fig. 5, E) four-jointed, with second joint considerably longer than joint

3, longer than broad; the longer seta longer than the entire antenna; papillse minute,
much shorter than third joint.

Three pairs of normal thoracic feet; four pairs of abdominal prolegs with crotches

of uniform size in an incomplete circle, opening outwardly (fig. 5, H); anal prolegs

with a transverse row of uniordinal hooks.
The arrangement of the body seta; is normal, as shown in figure 10, A, B. It differs

from that of Gelechia in having the three sette on presjnracular plate of prothorax
nearly equidistant, while in Gelechia the posterior seta is farther separated from the

two othera than they are from each other, and in having the three sette vii of the

proleg-bearing abdominal segments arranged in a triangle, not in a line as in Gelechia.

Fig. 8.—Pink boUworm. A, larval head from underside. B, Seta arrangement of epicranium in figure A:

/, Ocellus i; //, ocellus ii; ///, ocellus iii; IV, ocellus iv; V, ocellus v; VI, ocellus vi; Oi, ocellar seta

1; Oi ocellar seta 2; O3, ocellar seta 3; Oa, ocellar puncture; SOi. subocellar seta 1; SO2, subocellar

seta 2; SO3, subocellar seta 3; SOa, subocellar puncture; Gi, genal seta; Ga, genal puncture. C, La-

bium and maxillae: sp, Spinneret; Ip, labial palpus; I, lacinia and galea; m, mentum; sm, submen-
tum; cr, cardo; st, stripes; pij,palpiger;mpi, maxillary palpus, first joint; mpj, maxillary palpus, sec-

ond joint; raps, maxillary palpus, third joint. (Busck.)

The genus differs further from Gelechia in the possession of an antennal pecten in

the moth, and in the arrangement of the setue of the larval head; Aa is anterior to Ag,

not posterior to it as in Gelechia; Pj and Pj are posterior, respectively, to Adfj and
Adfg, which in Gelechia are nearly opposite to these, and Li is posterior to Pj, not

on the level with it as in Gelechia.

The most striking larval difference is in the crotches of the abdominal prolegs, which
are imiordinal and arranged in an incomplete circle, broken outwardly (fig. 5, K).

In Gelechia they are biordinal and in a complete circle.

Pupa.—The pupa of Pectinophora gossypiella is pubescent, Avithout any long setee

except on last joint, and thus is easily distinguished from the smooth, seta-bearing

pupa of Gelechia; cremaster present.

SPECIFIC DESCRIPTION.

Moth (fig. 4, ^).—Labial palpi reddish brown; second joint with two diffused black

bars exteriorly; terminal jomt with two well-defined, broad, black annulations,_ one

at base, the other at apical fourth. Antennae brown with narrow black annulations;
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basal joint with lonp; black pccteji. l-'aco and head liu:lit, roddish brown willi Korne

jjale iridescent scales. Thorax rcddisli brown witli a ,s|>ririkliii<,'- of l)lack around the

collar; patagia somewhat liq-htor brown, ujiniottl(Hl. Forcvviiiti:^ darker brown witli a

series of small, ill-defined, black spots alon_ir the costal edf;<' I'roni base; to apical fourth,

where there is a larger dash of light oclierous brown; dorsal edge and apical part of

wing suffused with darker, blackish brown; the middle of the wing is irregularly

sprinkled with blackish scales and contains on the cell an ill-defined, round, blackish
spot, sometimes divided into an upper ajid lower spot; there is also a smaller spot on
the base of the cell ; the pattern of the wing is rather va^ue and there is considerable
variation in different specimens; in many there is an ill-defined blackish fascia at

apical fourth just before the light costal dash, but in other specimens tliis fascia is

not present and the round dorsal spot is dissolved into several smaller spots. Cilia

Fig. 9.—rink bollworm: A, right hind leg. B, genitalia of male: u, Uncus; t, tegumen; li, haip; a,

acdoeagus; s, sacculus. C, genitalia of fpmale: o, Ovipositor; (j, genital plate with genital opening;
db, ductus bursae; ds, ductus seminalis; 6c, bursa copulatrix. (Busck.)

light ocherous brown, streaked with blackish. liindwings dark fuscous, somewhat
iridescent, lightest toward base; cilia ocherous, terminal and apical parts suffused

with dark fuscous: vein Ic with long, ocherous fuscous hairs on the upper side.

Abdomen flattened and ocherous above, dark brown laterally with underside suffused

with black and with ocherous scaling at the joints. Legs (fig. 9, A) blackish fuscous
with narrow ocherous annulations at the joints. The abdomen is very similarly

shaped in the male and in the female and it is exceedingly difficult to distinguish the

sexes, even in living moths, without dissection or by examination of the frenulum.
The male genitalia (fig. 9, B) are remarkably small in proportion to the size of the
species: harpes narrow at base, broadening towards tip; tip strongly haired; a

cluster of long, heavy, straight spines from inner side, well wathin the tip; sacculiis

armed on its edge with a row of stout spines; uncus moderately long, broad at base,

tapering to a point, laterally heavily haired; acdoeagus short, stout, with a terminal
hook. In the female the o\'ipositor is weakly chitinized, covered with stiff hairs;
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genital plate heart shaped; bursa copulatrix with two opposite, strongly chitinized,
hornlike, serrated invaginations (fig. 9, C).

Alar expanse 15 to 20 mm.
Full-grown larva. The full-grown larva (fig. 10, A) is 11 to 13 mm. long,

cylindrical, white, with dorsal side strongly suffused with pink. He-^d reddish brown
with blackish brown mandibles and the other trophi yellowish. Thoracic shield
rather small, divided in the middle, dark brown. [On each side of the thoracic shield
is a small, slightly depressed, kidney-shaped spot, thinly chitinized and less pig-
mented than the rest of the shield. This purely specific character is easy to observe
and may be of some assistance as contributory evidence in a preliminary determina-
tion of the pink bollworm in the field (fig. 11).] Anal plate small, dark brown.

Y' ^/i
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INTRODUCTORY.

The clover-leaf weevil, Hypera punctata Fab. (fig. 1), ranks as

one of the important clover pests. Although it is usually unnoticed,

it annually exacts its toll of the crop. It seldom devastates entire

fields, however, because the larvae are ordinarily checked by an

ever-present fungous disease which spreads rapidly and reduces their

numbers to a negligible quantity in a remarkably short time.

DISTRIBUTION.

This insect was introduced accidentally into this country from

Europe, where it is well known. It also occurs in northern Asia and

probably in central Asia and China. So far as known it is the only

species of Hypera that has reached this country, the genus being

indigenous to the eastern hemisphere.

The first record of Hypera punctata occurring as a pest in the

United States was in 1881 when a severe outbreak occurred at Bar-

rington, N. Y. A single specimen taken about 1850-1855 in Canada

by the Geological Survey and identified by Dr. LeConte in 1876

shows that this species had been in America for some time before

becoming noticeable or seriously injurious.

15131"—20—Bull. 922 1
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In 1882 Lintner took a specimen in Vermont. In 1884 punctatus reached Canada
in numbers, flying across the lake from Buffalo to Ridgeway, 1889 it occurred in
several places in Ohio * * * and Schwarz identified a beetle taken from the stomach
of a crow killed in Michigan in 1892 as this species. Southward by 1890 it had spread
over New Jersey and reached Philadelphia, where it was very common. The year
1894 gave records from Maryland, West Vhginia (Hopkins), and Indiana * * *

Folsom records its first appearance at Urbana as 1903 * * * R. L. Webster reported
it from Iowa in 1910. On the west coast Hanhem reported it from Vancouver in 1902

(Fletcher) and in 1906 E. S.

Wilmot states that it was up
the Fraser River as far as

Harrisons, about 20 miles

from the south line of Brit-

ish Columbia. (Titus 7, p.

405-406).'

It is now found in

the additional States

of Delaware, Idaho,
Kansas, Kentucky,
Maine, Massachusetts,

Mississippi, Missouri,

Nebraska, New Hamp-
shire, North Carolina,

Oregon, Rhode Island,

Tennessee, Texas,
Utah, Virginia, Wash-
ington, and Wisconsin.

DESCRIPTION.

The descriptions are

taken almost entirely

from Titus (7, p. 4OS-

404), with additions

by the authors in-

closed in brackets.

Adult [fig. 2]: Length 5

to 10 mm. Width 3 to 5.7Fig. 1.—Adults of the clover-leaf weevil feeding.

Stout, black or brownish black. Clothed with blackish brown pale brown, yellow-

brown or gray scales which are short broad and emarginate at the tips, and with short

erect bristles, edge of elytra yellow brown or at least paler than remainder of scales.

Head clothed with short metallic yellowish scales; front not as wide as breadth of

eye, densely clothed with dark yellow hairs or scales which extend o\'er two-thirds

of the beak; eyes elongate oval,' narrowed beneath, rather prominent; beak scarcely

two-thirds the length of the prothorax, and one-half thicker at tip than width of front,

beneath on the sides and near the tip polished and densely punctate; an elongate

impression on dorsal surface above the antennal groove; antennal groove black,

1 Reference is made by number (italic) to " Literature Cited," p. 18.



CLOVER-LEAF WEEVIL.

deep, punctured; antennx reddish-black, scape reaching to middle of eyes, not as

long as funicle, not greatly enlarged at tip; first joint of funicle distinctly longer

than second, enlarged at the apex so that it is ay:)out one-half as thick as long, second

joint equal to three and four united, joints three to seven regularly shorter and

broader, seven as wide as long, club elongate-oval, pointed at the tip, antennae with

many fine hairs, those on club very fine and dense. Mandibles po.ished, dull red,

not emarginate at tip, maxillae and all the palpi pale brownish-red.

Prothorax bi'oader than long, broader in female than in male, in the female broadly

widened in front of the middle, in the male converging more behind than in female;

sides broadly impressed, only slightly swollen; dorsum densely rather coarsely punc-

tured, densely clothed ^\'ith scales and with many slender pointed haii-s; usually with

a narrow pale median dorsal line bordered with wide dark, almost black in some,

bands of scales which reach to the sides; sides and beneath Avith dark yellow scales,

generally wdth a dark spot on sides behind and an indistinct dark line running from

this spot toward the front.

Scutellum extremely small, narroAvly triangular, clothed with pale scales.

Elytra very broad, at tip broadly rounded, sides especially in the male nearly

parallel, humeri prominentand

clothed with darker scales. ^^s^t^'j^^^^^^^^^
Suture and alternate inter- .,tt&(^^H^?>'**^'*^^»^*S:»s^

spaces more strongly elevated

than others, deeply striately

punctured, striae without setae;

each interspace with a single

row of black setae pointing

backward and partially decum-
bent, more erect behind ; tip of

elytra and often the sides with

some short white bail's. The
coloration of the scales varies

from solid gray to black,
through various shades of

brown yellows. Some speci-

mens are tessellated with brownish-yellow and black, the tessellation usually on the

more elevated interspaces.

In the male the outer interspaces have paler scales even in the darkest specimens,

in the female this pale coloration is sometimes, but rarely, entirely absent.

VmtcT with lighter colored scales and many light hairs ; front coxae slightly separated,

mesosternal process between middle coxae broad perpendicular, triangular at tip;

intercoxal iwocess of first abdominal segment very broad, coxae separated by more
than their width. First segment in male impressed, emarginate posteriorly. Stem
of male genitalia nearly or quite as broad as long.

L(c]s short, stout, especially the femora; black, tarsi often ferruginous, claws long

curved, red atid darker at tips; front tibiae and hind femora distinctly curved, front

tibia? more so in male; legs usually clothed with lighter scales and hairs than the

body, femora scaled, tibiae and tarsi sparsely haired; middle tibiae with a distinct

apical hook.

Egg [fig. 3]: Elongate oval, 1.1 mm. to 1.2 mm. long, 0.5 to 0.6 mm. broad, very
regularly hexagonally sculptured * * *. [Watery yellow when laid, with a smooth
shining shell, the yellow color deepening with age to pale olive green and finally

turning to a dull black.]

Larvae [^J (Descriptions from Riley, Folsom, and observations by the author). First

stage: 1.5 to 2 mm. long, narrow, thickest at middle, tapering toward both ends;

2 The head widths for the different larval instars are quite constant and the averages will be found in

Table I. \

Fig. 2.—Adult clover-leaf weevil, lateral view. Much enlarged.
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head brown, blackish-brown or black, with many fine transverse lines on the face;

eyes very small, circular, projecting; mandibles terminating in two large sharp teeth,

more or less separated, the lower one again divided into two or three parts; palpi pale

yellow, mandibles brown or dark brown; dorsum of first thoracic segment with a rec-

tangular dark band interrupted by a paler dorsal line which is the continuation of the

stem of an inverted Y on the face, this dorsal band becomes wider on the abdominal

segments and extends to the tip of anal segment. Hairs on the tubercles clavate

as in several other species. [The color varies from the usual pale green to a bluish

green or yellow when hatched. Yellow larvje may retain this color throughout

development.]

Fig. 3.—Egg of the clover-leaf weevil: a, Lateral

view; 6, egg inserted into stem of clover plant;

c, lateral view of b. Much enlarged.

Fig. 4.—Full - grown

larva of the clover-

leaf weevil, dorsal

view. Much enlarged.

Second stage: Color greener, head dark brown, front and sides of rectangular plate

on first thoracic segment dark, the remainder greenish; dorsal median line with a fine

dark border, darker than the remainder of the larva. Side line below spiracles indis-

tinct. Length 4-4.5 mm., width 2 mm.
Third stage: Black lines on each side oi dorsal line very distinct [head brown or

yellowish brown], eyes densely black, antenna? darker. Color of larvse (Folsom) may
be blue green [yellow, or with a pinkish tinge]. Usual color pale green. Length 5

to 7 mm., width 2.5 to 3 mm. in the middle.

Fourth stage [fig. 4]: Dorsal line very white or pinkish, bordered by rose color,

usually rather pale but sometimes rosy-black, the outer borders of this coloration are

black and form distinct lines, interrupted on the margin of each segment [head

brown or yellowish brown] ; larva much darker green [or still may retain its yellow,

blue green, or pink color]; lines below the spiracles dark both showing a tendency to
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be brown or blackish [posterior segments yellowish] ; the surface of the body much
rougher in this stage than in others, the triangular points of the cuticle standing out

prominently; tubercles [fig. 5] on thoracic segments below very strong and the hairs

more prominent than in earlier stages. Length 8 to 14 mm.
Cocoon [fig. 6]: * * * Oval, 9-10 mm. long and 6.5 to 7 mm. wide. [A fine net-

work of coarse threads which are light straw color when spun and browTi after aging.]

Pupa: WTien first formed with yellow-gi-een head [lighter colored antennae, legs

and wing-pads] * * *. Abdomen dark green with a distinct pale dorsal line

that extends onto prothorax * * *. Frontal row

of hairs rather distant from margin; central pairs

close together, three following pairs form a curved

line ending near the posterior outer edge; a few

hairs on remainder of thorax; transverse rows of

)lunt seta? on each dorsal abdominal segment;

Fig. 5.—Full-grown larva of the clover-

leaf weevil, lateral view. Much en-

larged.

Fig. 6.—Cocoon of the clover-leaf weevil sur-

rounded by leaves of clover plant. En-

hairs on beak rather short and thin; those on anal segment moderately long, stout

and dark. [The pigmentation of the eyes, mandibles, and leg joints occurs at later

dates in order named.] Length 5.5-7 mm. Width 3.5-4.5 mm.

The measurements of the larva are given in tabular form, as fol-

lows:

Table L—Larval measurements {mm.) of Hypera punctata.
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FOOD PLANTS AND INJURY.

The food plants in Europe are listed as Trifolium (clover) and

Medicago sativa (lucerne, alfalfa). In this country all kinds of

clovers, including Trifolium pratense, T. incarnatum, T. Tiyhridum,

and T. repeiis are eaten, as well as alfalfa and sweet clover ( Ifdiltus

alha). Webster reported white clover being eaten in preference to

red in Ohio, but other observers, including the present writers, have

noted that red clover and alfalfa are more often chosen. Both

larvae and adults will feed on beans, and the adults have been

observed eating timothy, burdock, soy bean, and the flowers of

goldenrod. W. H. Larrimer observed beetles feeding on corn

foliage at McFarland, Kans., August 10, 1915.

In Europe this species has several times been reported as injurious locally, but

only for short periods. The earliest record I have found is Villa's statement at the

time of the outbreak in the region of Lombardy in 1868 when he says that Moretti

in a revised edition of Gene's publication in 1853 reports this species as injiu-ing

clover and believes that this referred to a previous serious injury about 1834-35. * * *

In 1868 the species caused serious damage in Northern Italy so that a commission

was appointed to investigate the matter and published several papers giving recom-

mendations. Targione-Tozzetti in 1879 notes a severe outbreak in the region around

Florence. It was again injurious in the region of Florence in 1902-3. (Titus 7, p.

408.)

The first record of the destructive work of this species in America

occurred at Barrington, Yates County, N. Y., in 1881 and 1882, but.

since that time it has been controlled largel}^ by an epidemic fungous

disease. The clover-leaf weevil has spread rapidly over the country,

and outbreaks have occurred repeatedly, but usually have been

checked before serious damage was done. The most notable of

these late outbreaks occurred in Michigan and persisted for a year

or two before the fungus succeeded in checking the insect. In this

connection Pettit {5, p. 4^) records that cattle pastured on clover

at the time the larvae were being destroyed by this fungous disease

were made seriously ill, and so many complaints were received in

Michigan that it was advised that cattle be kept out of clover pas-

tures until the bodies of the dead larvae had dropped to the ground.

LIFE fflSTORY.

LIFE CYCLE.

The life history of this species was first studied in the United

States by Kiley (6, p. 171-179) in 1882, and Folsom's paper on clover

insects in 1909 {S, p. 155-164) gives much additional information.

Numerous other writers have added notes on the distribution, habits,

and life history, and these have been drawn on by the authors. The
life cycle is one year according to observations made by the present

writers, which agrees with the results obtained by Folsom. Briefly,

the life cvcle is as follows

:
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The eggs are laid in or on different parts of the clover or alfalfa

plant, more often in a puncture on the stem or leaf sheath or on the

outside of these parts in the fall of the year between September 8

and November 29. The eggs laid previous to October 25 hatch the

same fall, and hibernate as first, second, and third instar larvae while

those laid after October 25 usually remain over winter as eggs, and,

except in the case of eggs laid quite late, hatch the following ^March.

The larvaB feed on the foliage of their hosts and become full gi-owTi

by the last of May, when they spin cocoons at or just below the

surface of the soil, pupating therein and issuing as adult beetles in

June^ or July. The beetles feed on foliage of clover intermittently

until September when they mate, and soon thereafter egg laying

begins.

Since the period of oviposition extends over a number of weeks and,

furthermore, eggs laid late in the season do not hatch until spring,^

STAGE
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mild weather between December 20, 1915, and February 18, 1916.

Since eggs laid after November 13, in 1915, failed to hatch the follow-

ing spring, it appears that partial development of the embryo previous

to cold weather is necessary to enable the egg to survive the winter.

Approximately 30 per cent of the eggs overwintering in vials hatched,

but it is probable that this is below the normal under natural

conditions.

The eggs, which are a watery yellow when laid, soon grow darker yel-

low and early in the.fall turn dark in from 2 to 6 days. The last laid

eggs may retain their yellow color through the winter, all development

being arrested. Early in the fall the eggs that have darkened become

sculptured in a day or two, but later on the time elapsing between

these changes may be lengthened to weeks or months. The next no-

ticeable change in the egg is the rapid pigmentation of the head of

the embryo wliich appears beneath the shell as a distinct round black

spot. In the early fall the egg hatches in from 1 to 3 days after this

change, although later such eggs may go through the winter in this

condition or may hatch during some of the mild winter days.

During the fall of 1915 the shortest egg period was 13 days, the

eggs being laid September 10, and the longest period, excepting for

overwintering eggs, was 46 days, the eggs in this case being laid

October 21. The average of the records of 50 lots of eggs between

September 8 and October 21 was 25.8 days.

Just previous to hatching the embryos are active within the egg

and can be seen moving around. They emerge by cutting a small

round hole large enough for the larva to pass through, usually near

one end of the egg. The eggshells are never oaten by the larvae after

they have emerged. The larvae will commence feeding at once if

placed on clover leaves, but may live a long time without food, as in

the case of those hatching during the winter. The length of the

larval stages is very variable in the fall, for feeding is suspended

during adverse weather and resumed in mild. The shortest time

secured for the first stage was 13 to 14 days, for the second stage

12 to 14 days, and for the third stage 10 days. No fourth-stage larvae

were obtained in these experiments during the fall as the cold weather

sent the larvae into hibernation. Table II summarizes the lengths of

the different stages and larval instars as observed at La Fayette,

Ind., in the spring and early summer.

Numerous larvae were collected on different dates diu-ing the

winter to determine the ages of the wintering larvae and the results

of such collections are given in tabular form in Table III. No
adults were found by the authors but Folsom (3) records that hiber-

nating adults collected in the spring were much enfeebled and unable

to lay eggs. He suggests the possibility of a second generation of

beetles farther south which hibernate and oviposit in the spring,
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and observations mado by different members of the Bureau of Ento-

mology would indicate that ovipositing ])eetles in the latitude south

of southern Indiana are capable of laying fertile eggs in the spring

and that two broods sometimes, if nor ordinarily, occur annually.

The larvae have often been observed feeding during the mild days

of winter on the small leaves at the crown of the clover plant. In

the early spring the larvae commence to feed as soon as the clover

starts its growth, but feeding and growth are intermittent, due to

climatic changes, so that larvae of all stages may be found during

April and May. Larvae in the first three instars are most numerous

in April, but beginning with May there is a gradual falling off in

numbers of larvae in the first two instars, those in the third and

fourth predominating. By the end of May few active larvae remain

and by June 20 practically all have completed their growth and spun

their pupal cocoon. Tables II and III give the number of days

passed in different stages and the dates of their occurrence in the

field.

Table II.— Hypera punctata: Length of larval and pupal periods.

stage.

First instar
Second instar
Third instar
Fourth instar
Spinning cocoon

.

Prepupa.'
Pupa
Length of time remaining in cocoon after adult.

Number
of exam-
ples.
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The cocoon (fig. 6) is spun in an oval cell made by tlie larva in the

soil just beneath the surface or among the stems and rubbish at the

base of the clover plant. This cell is formed by the larva turning

around and around with its body in the characteristic curved posi-

tion and is smoothed with its head. The spinning is done by the

mouth but the bulk of the spinning material is drawn from the anus

and every few minutes during the construction of the cocoon the

larva reaches back to the anus for a fresh supply. Knab (4) shows

by his dissections of these larvse that there is an enormous develop-

ment of the malpighian tubes and reasonably supposes that the

bulk of the spinning material primarily arises in these tubes and is

drawn from the anus by the larva. He further observes that the

necessarily smaller amount of silk produced l)y the silk glands which

open into the mouth may be used in waterproofing the other materials,

for he has noticed the larva passing its mouth along the threads

after they have been drawn out and put in place.

The cocoon is spun in from 1 to 2 days and the larva pupates

within four days after the cocoon is completed. In one instance at

La Fayette, during excessively hot weather, a larva pupated within

a day after completing the cocoon, and in another instance under

adverse conditions this prepupal period extended over 10 days. The
newly formed pupa is pale green but later changes to yellow and

finally to a brownish color.

The beetle issues 5 to 16 days after pupation, the average pupal

period, according to our observations, being 1 1 days. The adult is

at first soft and pale green, the wings protruding beyond the elytra,

the pupal and larval skins remaining as a small shriveled pellet at

an endx of the cocoon. The elytra gradually become silver, iri-

descent, and pale green through which the maculations are faintly

visible, the ventral surface of the abdomen is pale green, the lower

part of the head reddish brown, the prothorax tan colored. The
wings are soon withdrawn beneath the elytra and within 24 hours

the insect has become mature, after which the beetle issues by eating

an irregular hole in the cocoon. The first beetles issuing at La
Fayette in 1916 emerged on May 26 and the last June 26, although

other observers in the same latitude give the period of greatest

emergence as the last week in June, the period of emergence extend-

ing from May 9 to July 15.

After emergence the beetles feed during the night and conceal

themselves during the day under rubbish or in cracks in the ground.

They feed steadily for about two weeks, after which they become
semidormant and remain inactive until about the first of Septem-

ber, whereupon they become sexually active.
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COPULATION.

As stated, the beetles resume activity the last of August or the

first of September. The record of copulation for one pair reads

September 15, October 4, 8, 14, 17, 27, and November 7, the female

of this pair laying 196 eggs between September 25 and November
27. As these beetles were examined but once or twice each day
probably only a few of the copulations were observed. Mating
probably takes- place normally during the day, for beetles in copula

have been collected in the field only at this time.

OVIPOSITION.

The records of other writers give as places of oviposition the

ground, base of plant, stems, and the inside of dead stems. Careful

search was made in the field for eggs during the laying season, but

only three were found, these being placed singly on dead stems.

In the breeding cages the beetles rarely laid on the ground but in or

on some portion of the plant. When fed alfalfa they laid the eggs

singly in punctures in the stem. (Fig. 3.) Sometimes it seemed
impossible for the beetle to make punctures enough to contain all

the eggs she wished to lay, so she would fasten several in a mass
on the stem by means of a rapidly drying secretion. Wlien fed

clover the females practically always laid inside the petiole or the leaf

sheath; and if these were not present and only stems provided, the

eggs were laid as in alfalfa. In laying the eggs in the petioles the

female usually cut a hole with her mandibles just large enough to

admit one egg at a time, through the side of the petiole, but in the

case of an old matured petiole a cavity would be made into which
the ovipositor could be thrust and from 1 to 23 eggs laid, part of

which would be pushed up and part down the stem. Measurements
showed that the eggs were sometimes pushed in the petiole as far as

3J mm. above and 6 mm. below the puncture. Unless the last egg

was left in the opening, as infrequently occurred, the opening practi-

cally healed before the eggs hatched. In case the petiole was solid,

the inside would be eaten out and the eggs laid as before. It was
noticeable that petioles and their leaves never appeared to be injured

when eggs were laid in them. The eggs were also readily laid in the

sheath at the base of the petiole, a tiny hole being cut through its side

and a mass of eggs deposited within, as many as 33 eggs being laid

by one female at one time in this way. In all the experiments the

largest number of eggs laid by one female at one time was 34, 18 to 25

being common. The eggs are usually laid at night but some were
recorded between 8 and 9 a. m., and it was noticeable that there was
a marked tendency to lay during the day in the fall when the nights

were very cold.
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HABITS.

The young larvae feed during the day, Largely on the underside of

the leaves, eating small holes in them. Whether they feed from the

underside because it is more protected or because there are more
epidermal hairs for them to cling to is not known. After the third

molt they eat patches from the edges of the leaves, feeding only at

night, and dropping to the ground when disturbed, curling themselves

tightly end to end. During the day they lie coiled at the base of the

plant, hiding under dead leaves and other debris.

The larvae are legless but are supplied with pairs of muscular

fleshy tubercles on the ventrum of the segments and these are used

in grasping epidermal hairs, edges of leaves, etc. The young larvae

move about by grasping the epidermal hairs with their mouths, the

folds between segments, and the transverse folds. Older larvae

ascend petioles spirally, using the muscular abdomen as a means of

locomotion, and with each successive advance securing a new hold

with the mouth and forepart of the body. As this is repeated, the

larvae move around and around the stem with a spiral motion.

When handled, the larvae will often emit a greenish saliva, which

appears to be for defensive purposes, and in addition may pass their

blackish semiliquid waste.

The young larva molts by first coiling itself about a bunch of

epidermal hairs and then crawling out of the larval skin, which opens

in the head region, leaving the empty skin coiled around the hairs.

The larvae have never been observed to eat the cast skins.

The adult, after casting off the pupal skin, which shrivels to a small

pellet at one end of the cocoon with the last larval skin, soon eats its

way out and feeds during the summer, ragging the clover leaves and

sometimes eating the plants to the ground. During the day they

usually hide under rubbish or in cracks in the ground but have been

observed to feed, and many have been collected by sweeping the

tops of clover plants at this time.

FEEDING EXPERIMENTS.

Feeding experiments were conducted at La Fayette, Ind., to

determine the amounts of clover foliage eaten by Hypera punctata

at different seasons and during the larval and adult stages (Table IV).

The amount of food eaten by individual larvae averages 3.09 square

inches of red clover foliage from 25 examples studied, and of this

amount 2.48 square inches, or approximately 80 per cent, is con-

sumed during the last instar. Comparatively small amounts of leaf

tissue are eaten during the first three instars—0.019 square inch being

eaten during the first, 0.087 in the second, and 0.504 in the third

instar (Table V and fig. 8).
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As has already been noted, the beetles begin to feed immediately

upon issuing in May and June and continue for a period of about

two weeks. They then become dormant and do not resume feeding

until early in September, coincident with the beginning of sexual

activity. During the early period of feeding the foliage is the

principal part of the clover plant eaten, but in late fall the beetles,

and especially the females, show an increasing tendency to feed upon

the stems and petioles.
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from the middle to the end of June do not stop feeding until early in

July. The amount of foliage eaten during the postdormant period,

that is, after the summer inactive period, is 1.48 square inches and
extends over an average of 82 days, that is, not one-tenth as much
per day as is eaten in the predormant stage (Table VI and fig. 9).

The amount of food consumed by the individual beetle during its

entire adult stage averages 4.76 square inches, 0.045 of an inch per

day during the feeding periods. The feeding by the beetles is there-

fore so slow and gradual that they seldom do an appreciable amount
of injury except when in unusual numbers. On the other hand, the

larva needs approximately 2 square inches less of foliage for its

development than is eaten by the adult, but of the 3.09 square inches

of leaf eaten by each larva, 2.48 inches are consumed during the last

instar, which occupies a period of 10 days or less, and the large amount
of foliage taken in so short a period greatly increases the liability of

injury.

Fig. 9.—Diagram showing the comparative amounts of clover foliage

eaten by adult beetles of the clover-leaf weevil during the different

months of the

:

Tables IV, V, and VI give the amounts of clover foliage eaten by
adults and larvae.

Table IV.

—

Average amounts of cloverfoliage eaten by adult and larva ofHypera punctata.

stage.



CLOVER-LEAF WEEVIL. 15

Table V.—Amount (inches) of clover foliage eaten by larvae of Hypera punctata.

Cage No.
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Table VI.

—

Amounts (inches) of clover foliage eaten by beetles of Hypera punctata.

DURING PREDORMANT PERIOD.
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The fungus mycelia ramify through the body of the larva, absorb

the body fluids, but do not penetrate the tracheal or alimentary tract.

A portion of the mycelium pushes out through the ventral side of the

larva and forms rhizoids attaching the larva securely to its support.

Other mycelial threads push out from other portions of the body and

form a gray velvety coating over the body of the larva. On the tip of

some of these branches is formed a spore which is projected forcibly

into the air to infect other larvae with which it may come in contact.

These are the temporary spores and germinate at once to infect new
hosts. Resting spores are also formed and these develop in the body of

the larva and are capable of retaining their virility for a longer time.

This disease is well distributed in the United States and attacks

numerous other insects, among them the common cabbage worm
(Pontia rapae L.), mosquitos, flies, ichneumon wasps, and certain

leafhoppers.

According to Riley the larva of a small beetle (Collops quadrimac-

ulatus Fab.) feeds on the eggs of the clover-leaf weevil and one of

the tiger-beetles (Cicindela repanda Dej.) probably preys on the

larvae. In Europe several larval parasites are known but none have

been recorded from this country. H. L. Parker, of the Bureau of Ento-

mology, collected a clover-leaf weevil larva at Hagerstown, Md., April

30, 1915, bearing a tachinid egg, but the adultwas not reared therefrom.

Poultry, especially turkeys and chickens, are fond of the larva?

and beetles, and if given the opportunity will consume large numbers.

Birds are valuable and important natural checks on this insect and
according to the Bureau of Biological Survey {2, p. 7),

The common or large clover-leaf weevil is the prey of 25 species of birds. The
nighthawk, crow, red-headed woodpecker, purple martin, and crow blackbird have

the best records for the destruction of adults, and the Savannah and vesper sparrows

of the larvae.

In literature we find the following birds listed as feeding on Hypera
punctata:

American crow Corvus brachyrhynchos.

Bobolink Dolichonyx oryzivorus.

Bobwhite Coliniis virginianus.

Catbird Dumetella carolinensis.

Crow blackbird Quiscalus quiscula:

Flicker Colaptes auratus.

Horned lark Otocoris alpestris flava.

Kingbird Tyrannus tyrannus.

Meadowlark Sturnella magna.

Nighthawk Chordeiles virginianus.

Purple martin Progne subis.

Red-headed woodpecker Melanerpes erythrocepkalus.

Robin Planesticus migratorius.

Sparrows:

English Passer domesticus.

Savannah Passercidus sayidwichensis savanna.

Vesper Pooecetes gramineus.

Wood pewee Contopus virens.
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Toads and frogs sometimes prey upon the weevils. Mr. T. S.

Wilson, of the Bureau of Entomology, found one adult in a toad's

stomach at Wellington, Kans., July 12, 1915, and Mr. H. L. Parker
found 11 adults and one pupa of Hypera jyunctata in the stomachs
of four frogs {Rana sp.) collected at Bridgeport, N. Y., December 6,

1915, out of 14 examined.
CONTROL.

The outbreaks of this insect are eventually suppressed by the

fungous disease mentioned and, except in rare cases, before serious

damage is done. Often what promises to be a serious attack is wiped
out by the disease just as it seems to appear most threatening, or,

as was the case in 1917, the weather conditions may enable the clover

to make a rank growth and overcome injury by the larvae, even

though they may be present in enormous numbers.

Usually the need of remedial precautions does not become apparent

until toolate to apply practical measures. The insect does not ordina-

rily become abundant in a clover field until the second season, and inlo-

calities where it is known to occur in occasional or frequent abundance

it is a good practice to pasture lightly all first-year clover in the fall or to

clip it back in spring and further to hinder the increase of this insect in

thelocalityby thoroughly plowingunder the second yearcrop in the fall.

Other measures, such as burning clover fields in winter, rolling,

dragging, and flooding, have been advised, but the practical value of

these measures has not been proved; and clipping and plowing under

clover at the end of the second season, in themselves valuable in

the control of other clover insects as well as being good farm prac-

tices, seem all that is necessary, as a rule, for prevention of injury
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INTRODUCTION.

The studies in the biology of the Mexican cotton boll weevil {An-
thonomus grandis Boh.) upon which this paper is based were con-

" The cotton varieties used in these studies were a short-staple upland cotton known
as King, a long-staple variety known as Webber No. 49, and a sea-island cotton known
as Hope Straight.

16073°—21 1
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ducted at Madison, Fla., during the years 1918 and 1919. The results

recorded herein in addition to representing the first serious study of

the boll weevil east of the Mississippi Eiver also indicate the rapid-

ity with which the weevil is adapting itself to new environmental
conditions in its spread eastAvard.

Owing to the very decided effect of climatic factors on the biology

of the boll weevil, it has been found necessary to study the develop-

ment of the weevil under both field and outdoor insectary conditions.

In order to throw some li^ht on the possibility of growing sea-

island cotton under weevil conditions, a comparative study of the

biology of the weevil on upland, long staple, and sea-island cottons

is included herewith. Since all methods of control are usually based

upon facts secured from biological studies, the results of the life-

history studies recorded lierewith are of considerable importance to

the cotton growers east of the Mississippi River.

HISTORICAL REVIEW.

A review of the studies in the life history of the boll weevil is

presented herewith.^ This review is of interest in that it shows the

times and conditions under which studies have been conducted.

The earliest work was that at Victoria, Tex., in 1902 and 1903, the

results being published early in 1904.^ This was followed by similar

investigations at the same place during 1904, and the results of these

studies were included in a bulletin issued in 1905.^

During 1910 similar investigations were conducted at Tallulah,

La., and the results were published in 1911.*

Then, in 1912, these studies and such others as had been made
elsewhere were brought together in a large bulletin.^

During 1913 another series of studies was conducted at Victoria,

Tex., to check those which had been made at the same place 10 years

earlier. It was found that the weevil had made a number of im-

portant changes in its life history, principal among these being a

much greater adaptability to plants other than cotton as food. The
biology of the Arizona Thurberia weevil was also studied, and this

variety was hybridized wdth the Texas cotton weevils. The results

of these studies are included in three papers.*'

1 Quoted from Howe, R. W., Bui. 358, U. S. Dept. Agr., p. 2-3.

e Hunter, W. D., and Hinds, W. E. The Mexican Cotton Boll Weevil. U. S. Dept. Agr.

Bur. Ent. Bui. 45, 116 p., 16 pi., 6 figs., 1904.

» Hunter, W. D., and Hinds, W. E. The Mexican Cotton Boll Weevil. U. S. Dept. of

Agr. Bur. Ent. Bui. 51, 181 p., 23 pi., 8 flgs., 1905.
• Cushman, R. A. Studies in the biology of the boll weevil in the Mississippi Delta re-

gion of Louisiana. In Jour. Econ. Ent., v. 4, no. 5, 1911. p. 432-448.
B Hunter, W. D., and Pierce, W. D. Mexican Cotton Boll Weevil. U. S. Dept. of Agr.

Bur. Ent. Bui. 114, 188 p., 22 pi., 34 flgs., 1912.
* Coad, B. R., and Pierce, W. D. Studies of the Arizona Thurberia weevil on cotton in

Texas. Proc. Wash. Ent. Soc, v. 16, no. 1. p. 23-28. 1914.

Coad, B. R. Feeding habits of the boll weevil on plants other than cotton. U. S. Dept.
Agr. Jour. Agr. Res., v. 2, no. 3, p. 235-245. 1914.

Coad, B. R. Recent stu.lies of the Mexican Cotton Boll Weevil. U. S. Dept. Agr. Bui.

231, 34 p., 1 fig. 1915.
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In 1914 the life history and habits of the Arizona weevil were

studied under natural conditions in the mountains near Tucson, Ariz.

These studies are discussed in two papers.'^

Thus it is seen that these studies embrace a Avide range of time and

conditions. In fact, the conditions of humidity, rainfall, tempera-

ture, altitude, soil, etc., include practically all extremes found in the

cotton belt.

SCOPE OF THE PRESENT LIFE-HISTORY STUDIES.

The biological studies of the boll weevil at Madison, Fla,, during

the year 1918, included a thorough study of the boll weevil under

outdoor insectary conditions on both upland and sea-island cottons.

The main object of this study was to determine the difference, if any,

in the weevil's biology on the two kinds of cotton. During the month
of August, 1918, a small series of experiments was made to deter-

mine the length of the developmental period of the weevil from egg
to adult under actual field conditions. The results of the field studies

indicated conclusively that a wide variation existed in the length of

time required for the developmental period of the weevil under

insectary conditions compared with the true developmental period

under normal field conditions. Consequently the studies in the

biology of the weevil during the year 1919 were arranged to include

a thorough study of the field biology of the boll weevil. Insectary

studies in the biology of the weevil were conducted at the same time

the field tests were under observation, to serve as a check.

METHODS USED IN THE STUDY OF THE BOLL WEEVIL UNDER
OUTDOOR INSECTARY CONDITIONS.

The numerous experiments of 1918 were conducted in a specially

constructed outdoor insectary at the Madison, Fla., laboratory (fig,

8). The sides of the insectary building were constructed entirely

of 16-mesh galvanized wire screen from the floor to the ceiling,

which permitted free air circulation at all times. The roof of the

insectary building extended 2 feet over the sides of the building,

preventing the direct rays of the sun from touching any of the breed-

ing jars. All the insectary breeding work was conducted in glass

tumblers half filled with white sand. The sand was kept constantly

moist. Lantern globes with cheesecloth covers were) used for the

longevity experiments

' Coad, B. R. Relation of tho Arizona Wild Cotton Weevil to Cotton Planting in the
Arid West. U. S. Dept. Agr. Bui. 233, 12 p., 4 pi. 1915.

Coad, B. R. Studies on the Biology of the Arizona Wild Cotton Weevil. U. S. Dept.
Agr. Bui. 344, 23 p., 2 pi., 1 flg. 1916.
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METHODS USED IN THE STUDY OF THE BIOLOGY OF THE BOLL
WEEVIL UNDER FIELD CONDITIONS.

Large 16-mesh galvanized-wire screen cages 3 by 3 by 4 feet high

were used in conducting the field biological studies of the weevil.

The cotton plants used in the breeding work were first examined

carefully to make certain that no infested squares were present.

The large cages were then placed over the plants and a male and a

CAROLINA

Fig. 1.—^Map of the sea-island cotton area of the United States showing distribution

by counties. Each dot represents an average production of 500 bales. (From Orton,

Bur. Plant Industry, U. S. D. A.)

female boll weevil liberated in each cage. On the following day all

squares found with egg punctures were recorded, each infested square

bearing a light string tag showing the number of the weevil and the

date of the egg puncture. After the squares were examined and

tagged the cage and weevil were removed to a noninfested plant and

the process repeated. Daily observations were made on the plants

bearing the tagged squares and the date the infested square dropped

off the plant was recorded on the tag. As soon as the infested

squares dropped off the plants they were placed in a field hatchery
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(fig. 7). The field hatchery consisted merely of a certain area in

the cotton field about 20 feet square. The infested squares were

placed in the hatchery beneath the cotton plants in the natural posi-

tion of fallen squares. After 15 days from the date of egg puncture

the infested squares were placed in small wire-screen hatching cages

(fig. 7). The hatching cages were constructed of 16-inesh wire

without bottoms and protected the infested squares in such a manner
that the squares received about the same amount of sunshine and

moisture as under normal field conditions. Maximum and minimum
thermometers were installed in the field hatchery (fig. 9). Both in-

struments were resting on the soil in order that the exact minimum
and maximum temperatures to which the developing weevil was
subjected under field conditions might be determined.

Ten hibernated male and female weevils were used to secure the

developmental period of the first generation of weevils on upland

cotton. In addition, 10 hibernated female weevils that had not been

fertilized were used to determine the effect of nonfertilization after

emergence from hibernation on the progeny produced. When the

first generation weevils became adults 10 pairs were selected and used

for securing the fecundity records on upland, long staple, and sea-

island cottons. The fecundity records for the second generation on

upland cotton were secured in a like manner. After the 15th of

August, however, the weevils had developed so rapidly in the field

that it was necessary to discontinue the study of the developmental

period of the weevil for each successive generation.

For securing the effect of the lower fall temperatures on the de-

velopmental period of the weevil, upland cotton plants were stripped

of all cotton squares and then caged. As soon as the plants grew
new squares female weevils were placed in the cages for oviposition

purposes. About every 20 days a new series of developmental studies

was inaugurated. This process was continued until frost Idlled the

cotton plants in late fall.

FOOD PLANTS OF THE BOLL WEEVIL.

Owing to the economic importance of the question as to whether
or not the boll weevil can adapt itself to plants other than cotton for

food, this phase of the life history has been carefully studied in

practically every section of the cotton belt.

The boll weevil has as regular food plants the cultivated cottons

of the United States, Mexico, Cuba, and Central America, and certain

wild cottons, including Gossypium davidsoni on the coast of the

Gulf of California, and also the so-called wild cotton, Thurberia

?, in Mexico and Arizona.
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The breeding experiments of Coad and Howe, both published, show

that the weevil can live on Hibiscus, and Coad reared an adult from

Hibiscus, but the weevil can not normally attack the plant. So far

as we know, there are no plants growing in Florida or the southern

States that are adapted to serve as food plants of the boll weevil.

THE BOLL WEEVIL ON SEA-ISLAND COTTON.

FEEDING EXPERIMENTS TO DETERMINE THE PREFERENCE SHOWN BY THE BOLL
WEEVIL FOR SEA-ISLAND COTTON.

A known number of adult boll weevils were placed in battery

jars and allowed to feed on bolls, squares, and leaves. Each jar

contained both sea-island and upland bolls, squares, and leaves, and

careful records were taken every two hours to determine whether

there was any preference by the weevil for either of the two types

of cotton fruit and foliage. The experiments were conducted in

an outdoor insectary where normal atmospheric conditions prevailed.

The data obtained in order to ascertain whether there is any pref-

erence by the boll weevil for sea-island as compared with upland

cotton are given in Table I. The records presented in this table show

that the boll weevil seems to prefer sea-island foliage to upland

foliage, and that it shows a distinct preference for sea-island bolls

compared with upland bolls. It appears also that there is a tend-

ency to feed on upland squares in preference to sea-island squares.

Table I.

—

Feeding cfioice of boll iceevhl between sea-island and itpland cotton,

Madison, Fla.
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bolls being collected under similar field conditions. These records

were continued throughout August and to the 1st of September.

Table II shows the results of this examination

:

Tablk II.

—

Record of weeml infestation in green bolls of nca-inland and upland
cottons, Madison, Fla.

Date of examination.

Total
num-
ber
bolls
exam-

Upland cotton
bolls.

Num-
ber

clean.

Sea-island cotton
bolls.

Num-
ber

clean.

Num-
ber

punc-
tured.

July 19.

July 26

.

Aug. 4.

.

Aug. 11.

Aug. 20.

Aug. 25.

Sept. 1..

26
19
31
31
39

i334

71

Total
Per cent punctured.

2 33 per hundred. I 67 per hundred.

A careful study of Table II shoAvs that the number of weevils

attacking sea-island bolls was far greater than the number attacking

upland bolls. Observations in the field also show that a great many
more weevils are to be found feeding on the sea-island bolls than on

upland cotton bolls.

LONGEVITY OF ADULT BOLL WEEVILS ON UPLAND AND SEA-
ISLAND COTTON.

The length of time adult weevils live on upland cotton has been

determined for several different times and places. The object of

the longevity tests at Madison, Fla., was to determine whether there

was any considerable difference in the length of life of weevils fed

on upland and sea-island cottons.

Table III gives the observations on the longevity of the weevil

when fed upon different parts of the upland cotton plant. The
maximum longevity of 84 days was shown by a male weevil that had

hibernated over the preceding winter and emerged from hibernation

during the month of April. The average longevity for hibernated

weevils without food was 12.7 days, compared with an average of

18.8 days for hibernated weevils fed on cotton plantlets. Adult

weevils of the first and second generations lived an average of 24.3

days on cotton squares and 12.3 days on green cotton bolls.

Table IV gives the data concerning the longevity of boll weevils

on sea-island cotton. The maximum longevity on sea-island cotton
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was made by a first-generation female weevil that became adult dur-

ing the latter part of June. This weevil lived a total of 67 days.

The maximum length of life for the male weevils was also recorded

for a first-generation weevil that became adult during the latter part

of June. This weevil lived a total of 65 days. The average lon-

gevity for hibernated weevils fed with sea-island cotton plantlets was
11.05 days. The weevils lived 10.7 days on sea-island squares and
15.3 days on green sea-island cotton bolls. By comparing the aver-

age longevity of the weevil on sea-island cotton with the average

longevity on upland cotton, it is clearly demonstrated that there is

little, if any, difference in the food value of sea-island and upland

cotton on the longevity of adult weevils.

THE SIZE OF THE COTTON SQUARE ATTACKED BY BOLL
WEEVILS.

Male and female weevils feed largely on the cotton squares, except

in the case of sea-island cotton, where there is a decided tendency

to feed upon the bolls as well as the

squares. Upland cotton squares grow
very rapidly and there is little oppor-#^^k §^^^^ tunity afforded for direct feeding on

^^^ m^^V ^^^® ^'^^y small squares, except during

^^H ^^^m the period when the first squares come

on the plants and again when all

Fig. 2.—Three sizes of sea-island cot- squares are punctured. However,
ton squares chosen for oviposition by sca-islaud squarcs do uot grow very
the boll weevil. . ,, ^ ,

°
j; .1,

rapidly and a large number oi the

small squares are shed by the plant from feeding and egg punctures.

It has been observed that a large number of undersized weevils are

produced in sea-island cotton fields. These weevils are largely the

result of eggs having been deposited in undersized squares, which re-

sulted in an undersized weevil, owing to the lack of proper larval food

(fig. 2). When a large number of sea-island squares are offered a

female it has been observed that she invariably chooses the smaller

squares for oviposition purposes. No records are available to show the

length of the developmental period for weevils developing in under-

sized squares on sea-island cotton ; however, it is not thoiught that there

is much variation from that in large-sized squares. Observations on

the size of weevils bred from bolls show that, except in the case of

very young bolls which shrivel and dry very rapidly, nearly all

weevils produced are of normal size. Sea-island cotton bolls seldom

produce small-sized weevils, as the boll is very moist and furnishes

much better conditions for weevil development than upland cot-

ton bolls.
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LOCATIONS SELECTED FOR OVIPOSITION ON SEA-ISLAND AND

UPLAND COTTON SQUARES.

Upland cotton squares are usually punctured at the base of the

square, as is shown in Plate I, figure 2. During the writer's studies

at Thomasville, Ga., in 1916, the majority of the punctures w^ere

observed, in the case of sea-island cotton, to be on the upper portion

of the square. There is little proliferation around the weevil punc-

tures on the sea-island squares, the punctures being mere specks as

compared to those on upland cotton. This characteristic location for

egg deposition is shown in Plate I, figure 1.

PERIOD FROM EMERGENCE TO OVIPOSITION.

Female weevils bred in the outdoor insectary required an average

period of 8.9 days from the time they became adult to the date of

oviposition. The period of time from emergence to oviposition

varied from 6 to 20 days for weevils bred under insectary condi-

tions.

Boll weevils bred under normal field conditions appeared to have

more vitality than weevils bred under insectary conditions. A
record of 38 first-generation weevils bred under normal field condi-

tions gave an average period of 7.07 days from the time they became

adult to the date of oviposition.

OVIPOSITION PERIOD OF THE BOLL WEEVIL UNDER INSECTARY
CONDITIONS.

The oviposition records for the weevil on upland cotton are pre-

sented in Table V. Hibernated female weevils kept with male
weevils throughout life deposited eggs over an average period of

35.9 days compared with an average period of 21.7 days for females

that were not kept with male weevils. The hibernated fertilized

and nonfertilized weevils deposited a total of 3,605 eggs or an average

of 7.2 eggs per day per female. During tlie lifetime of both series

of hibernated weevils an average of 171 eggs was deposited by each

female. The greatest number of eggs deposited during any one day
by a single hibernated female weevil, under insectary conditions, was
20. The heaviest oviposition during the lifetime of both series of

weevils was from the fifth to twenty-fifth days (fig. 4). The first-

generation weevils deposited eggs for a i^eriod of 39.7 days and the

second generation over a period of 35.2 days. The average period

of oviposition on upland cotton for all weevils under observation was
33.1 days. The relationship between the mean daily temperature and
the mean daily oviposition of the hibernated weevils is shown to cor-
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respond very closely; that is, the higher the mean daily temperature

the higher the average number of eggs until the period of oviposition

begins to decline (fig. ?>).

M£/iN D/j/Ly oi^/Pos/r/OA/ or

Fig. 3.—Relation of mean daily temperature to meau daily ovipositioa of hibernated

weevils.

The oviposition records of the boll weevil on sea-island cotton

differ very little from those on upland cotton under insectary

conditions. The female weevils fertilized in the spring deposited

eggs for an average period of 31 days and the hibernated weevils

iH^

SG6 l/fr/A/6 P£/F/OD CMYS)

Fig. 4.—Mean daily oviposition of female v?eevils in upland cotton squares.

fertilized in the fall, for an average period of 27.1 days. The first

and second generation weevils deposited eggs for average periods of

35.4 and 33.6 days, respectively. The average oviposition period for

the females in sea-island cotton squares is shown to be 31.6 days.
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Table V.- -Oviposition period of the boll weevil an upland and sea-island cotton
squares, insectary records, Madison, Flu., 1918.

Source of weevils.
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THE AVERAGE DEVELOPMENTAL PERIOD OF THE COTTON BOLL
WEEVIL UNDER OUTDOOR INSECTARY CONDITIONS.

The data on the average developmental period of the boll weevil

under outdoor insectary conditions for sea-island and upland cottons

are presented in Table VII. These observations extended over a

period of time beginning on May 26 and ending on September 10. The

maximum developmental period of any weevil from egg to adult was

18 days and the minimum period 11 days. On upland cotton 506

male weevils bred in the insectary required a total of 7,568 weevil

days, or an average period from egg to adult of 14.62 days. A total

of 347 female weevils bred under insectary conditions required an

average developmental period of 14.8 days. The average period of

development for the immature stages bred in upland cotton squares

is shown to be 14.91 days.

On sea-island cotton 150 male weevils required 2,214 weevil days

from egg to adult, or an average developmental period of 14.82 days.

A total of 101 female weevils, bred in sea-island cotton squares, re-

required 1,550 weevil days, with an average period of 15.06 days for

development from egg to adult. There is practically no difference

in the time required for development of the immature stages of the

boll weevil in sea-island and upland cotton squares.

Table VII. -Total developmental period of the boll tceevil under insectary con-

ditions, Madison, Fla., 1918.
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THE DEVELOPMENTAL PERIOD OF THE BOLL WEEVIL UNDER
FIELD CONDITIONS.

Althou<j:h it has been known that the factors of temperature and
humidity influence the development of the boll weevil, and that labo-

ratory breeding; methods are more or less artificial, the exact differ-

ence between the life history of the weevil under field conditions and

in the laboratory has never been determined.

In the experimental work at Madison, Fla., in 1918, it was found

that the boll weevil in the field was requiring a considerably longer

period for development than had been expected. Records tabulated

by Hunter and Pierce^ showed that the length of the developmental

iposiliou studies of th(

Madison, Fla.

period varied with the length of time the infested squares hung on

the plant after eg<^ puncture. The Madison studies fully corrob-

orate this statement.

The field-breeding records were secured under conditions which

most nearly simulate nature. A large cage was placed over a cotton

plant on wdiich there were no infested squares (fig. 5). A single

female or a male and female were liberated in the cage with the non-

infested squares. On the second day if any squares were infested

these were tagged (fig. G) and the cage and weevil were then removed

to a fresh cotton plant from which all infested squares had been

removed. Thus day by day the weevil's maximum oviposition capa-

city was obtained and the infested squares remained on the plant

« Hunter, W. D., and Tierce, W. D. The Mexican Cotton BoU Weevil : A Summary of

the Results of the Investigation of this Insect up to December 31, 1911. Senate Docu-
ment 30.5 (U. S. Dept. Agr., Bur. Ent. Bui. 114). 188 p., 22 pi., 33 figs. 1912.
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normally, merely being weighted by a light string tag. When the
infested squares fell the date was recorded on the tag. All of the
infested squares of a certain weevil were assembled in an inclosed
area to prevent damage (fig. 7) and placed on the soil under the
plant just as they would normally lie. They were watched daily,

and only about two
days before emergence

was expected were

covered, still under
the plant, by coarse

wire screen cages (fig.

7) in order to get the

number of weevils

that emerged and
determine the sex.

Hence abnormal con-

ditions were experi-

enced for only about

2 days.

Since these records

indicated a much
longer developmental

period than was re-

corded in previous
bulletins, a complete

series of control ex-

periments was con-

ducted in the outdoor

insectary (fig, 8).

It will be seen by
Table VIII that the

developmental period

in the tumblers under insectary conditions at Madison is much more
rapid than under the most favorable outdoor conditions experienced.

Table VIII.

—

Showing the length of the developmental period of the boll

weevil under insectary and field conditions, Madison, Fla., 1918.

Fig. 6.—The infested squares tagged on the cotton plant,

iVIadison, Fla.
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The development of the weevil is retarded on the plant, and more

so on the ground, and accelerated in the insectary. The outside soil

is either too hot or too cool and damp, while the insectary maintains

a more even condition, warmer than the plant and cooler than the

ground.
' If one feels of a leaf or square on a hot day he immediately receives

a sensation of coolne.ss. If he lays his hand on the sand in the

shade of the plant it feels cool and damp, and if he lays the other

hand on the sun-heated sand he experiences a sensation of burning.

Dr. Pierce made a series of temperature measurements on June 21,

1919, in a period of less than 2 hours (from 10 to 12 " daylight-saving

7.—The tield hatchery, Madison, Fla.

time,'' or 9 to 11 astronomical time) in which the air temperature

about 2 feet above the ground was 88.5° to 89.5° F.

The humidity by sling psychrometer was 68.5 to 69 per cent, by
wet bulb 73.5.

The temperature of the sandy soil in the sun was 106.5°, 111°, 111°,

and 115° F. at different readings. Once in a while clouds shaded

the earth.

In the shade of the cotton plants the temperature of the sandy soil

was 92.7°, 93°, and 94° F. at different readings; in other words, the

shade of the cotton plant reduced the temperature 14°, but the air

temperature was 4° or 5° cooler than the sand under the plant.

Behind the involucre of the square on the plant the temperature

was 88° F., and next to the stem of the plant, 2 feet above the ground,

it was the same.

16073°—21 3
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When the thermometer was wrapped in cool,, green leaves it regis-

tered 89° F., but when inserted into a square and wrapped in green

leaves it registered 81°.

The thermometer covered one-fourth inch by hot sand in the sun

registered 106.5° to 107.5° F. ; under one-half inch of sand it regis-

tered 99°, under 1 inch 95°, and under 1| inches of sand 91°,

Thus shallow burial of infested squares would merely give the

immature weevils more favorable temperatures and almost insure

emergence; while the sun-heated surface soil, even on this moderate

day, was heated very close to a fatal temperature.

-Outdoor insectary, Madison, Pla., wherq the records were secured to check

against the field records.

Dr. Pierce then studied the temperature in the field breeding cages

and found in the oviposition cage an air temperature of 85° F., a soil

temperature in the sun of 108° to 108.5°, in the shade of the wire

screen 90° to 94.5°, and in the shade of the plant 92° to 95°. The
humidity in the cage was 71.5 per cent, wet bulb 85, while in the

open air it was 68.5 per cent, wet bulb 85.5. There is therefore very

little difference in the temperature in and out of the cage.

The small wire-screen cages used to cover the squares during the

last two days before emergence were then measured. In the shade of

the plant the temperature was 94.5° to 96.5° F. and in the sun 103° to

106°. The cage, therefore, serves to mitigate slightly the intense heat.

In the insectary measurements were made in the breeding tumblers.

A temperature of 83.5° F. was recorded for the soil in the tumblers,

while above the soil the temperature was 86.5° F. Since the tumblers

were only moistened once during the hatching period, a temperature
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reading on the seventh day gave 84° on the soil and 87° above the

soil in the tumblers. On the twelfth day the temperature was 84° on

the soil and 8G.5° above the soil. Thus, on this particular day,

weevils developing in

squares on the plant

were experiencing

88° F., or probably

less, and those in the

squares Avhich had

fallen on the ground

were receiving from
92° to 115° F., ac-

cording to whether

they were shaded or

exposed to the sun,

while weevils in the

insectary were faring

well at 83.5° to 87° F.

It has been shown
that the most fa-

vorable temperature

for development is

between 83° and
84° F.

In order completely

to check up condi-

tions maximum and

minimum thermome-

ters were installed

in the field hatch-

ery. Thus the maxi-

mum and minimum
temperatures experi-

enced by the weevils after the falling of the infested' square (fig. 9

were measured.

EGG-LAYING ACTIVITY OF HIBERNATED FEMALE WEEVILS
UNDER FIELD CONDITIONS.

Fig. 9.—Thermometers installed underneath the cotton

plants in the field to secure soil temperature, Madi-

son, Fla.

Table IX gives the data on the egg-laying activities of female

weevils under field conditions on upland cotton squares. The females

deposited an average of 76 eggs each at a rate of 8.4 eggs per day.

The maximum number of eggs during any one day was 19. It is

practically impossible to keep a continuous record of female weevils
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under field conditions. Female weevils liberated in large cages over

growing cotton plants frequently get killed accidentally, spiders

sometimes catch them, and they escape very readily from the cages.

The records presented in Table XI really indicate the rate of oviposi-

tion per day instead of the average number of eggs deposited per

female.

Table IX.

—

Egg-laying actirit)/ of Ind'widnal hibernated female boll weevils
kept tmth males under -field conditions on upland cotton.

Generation.
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Taiu.e X.

—

Sh()iri)t(/ development of iceevil as related to the length of tinie

sqi(arc>^ liniig on plants after egg puncture, eggs deposited by hibernated females

on upland cotton.
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Table XI.

—

Fecundity record of individual Jiibernated females of the boll weevil

fertilised in spring under field conditions on upland cotton.
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Table XII.

—

Summary of development of first generation boll weevils under
field conditions on upland cotton.
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velopment of the immature weevil after the sea-island squares drop-

ped off the plant was 10.4.

The infested squares on the long-staple cotton required 12.3 days

from the date of the egg puncture to the falling of the infested

square. The time required for the immature weevil stages to com-

plete their development after the long-staple squares dropped off the

cotton plants averaged 10.5 days. One of the objections to the long-

staple varieties of cotton is the tendency of the infested squares to

hang on the plants, protecting the immature weevil stages to a cer-

tain extent from natural enemies and mechanical injury.

A total of 92 male weevils of the first generation bred in sea-island

cotton squares required 2,006 weevil days or an average period of

Fig. 10.—Shallow wooden troughs filled with crude oil to keep ants out of the weevil

hatchery, Madison, Fla.

21.8 days for development of the immature stage. The 75 female

weevils bred from the same source required a total of 1,651 weevil

days or an average period of 22 days for development from egg to

adult. An average period of 21.9 days was required for the 'develop-

ment of both sexes of the first-generation weevils in sea-island cotton

squares.

The 35 male weevils bred from long-staple cotton squares required

a total of 726 weevil days or an average period of 20.7 days from

egg to adult. A total of 549 weevil days was required for the devel-

opment of the 26 female weevils from long-staple cotton squares, or an

average of 21.8 days. The developmental period in long-staple cotton

squares for both sexes from egg to adult averaged 20.9 days.

A total of 61 male weevils of the first generation bred in upland

cotton squares under field conditions required 1,344 weevil days, or

an average period of development of 22 days. The 33 female weevils
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of the same series required 718 weevil days, or an average develop-

mental period from egg to adult of 21.8 days. The developmental

period for both sexes under field conditions averaged 21.1 days from

egg to adult.

The total percentage of the infested squares producing adult

weevils could not be determined, as a considerable number of the

infested squares under observation were detroyed by ants, 6'ole-

nopsis sp. (fig. 10).

COMPARISON OF THE DEVELOPMENTAL PERIOD OF THE IMMA-
TURE STAGES OF THE BOLL WEEVIL UNDER FIELD AND IN-

SECTARY CONDITIONS.

The results of the breeding experiments under outdoor insectary

conditions, conducted primarily to check the field breeding records,

are tabulated and summarized in Table XIII. The average develop-

mental period under insectary conditions for the hibernated and

first-generation weevils in upland cotton squares was 14.5 days.

The developmental period of the i^rogeny produced by first genera-

tion weevils in long-staple upland and sea-island cottons was 14.2

and 13.7 days, respectively. There is little if any difference in the

length of the developmental period of the weevils bred in the

three types of cotton squares under insectary conditions. A total

of 1,148 w^eevils which required 16,568 weevil days or an average

period of 14.3 days for development under insectary conditions is

recorded for the three types of cotton.

The developmental period of the immature stage of the boll weevil

under normal field conditions on short-staple upland, long-staple

upland, and sea-island cottons is presented in Table XIV. The male

weevils bred in upland cotton squares required 21.7 days for develop-

ment from egg to adult and the females of the same series required

a slightly longer period—22.33 days. A total of 323 weevils bred

in upland cotton squares under normal field conditions required an

average period of 21.9 days for development from the time the egg

was deposited to emergence of the adult weevil.

In sea-island cotton squares 92 male weevils required 2,006 weevil

days, or an average period of 21.8 days, for development from egg

to adult. The 75 female weevils bred from the same source required

1,651 weevil days or an average period of development of 22 days.

Both sexes required an average developmental period of 21.9 days

from egg to adult.

On long-staple upland cotton 35 male weevils bred in squares

under field conditions required 726 weevil days or an average period

of 20.7 days for development of the immature stages. The 26 female

weevils required 549 weevil days or an average period of 21.8 days

for development. Both sexes bred in long-staple upland cotton

squares required an average period of development of 20.9 days from

egg to adult.
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The 551 weevils bred under field conditions from squares of all

three types of cotton required a total of 12,012 weevil days or an

average period of development of 21.8 days from egg to adult.

The average developmental period of the weevil in all three types

of cotton squares under insectary conditions is shown in Table XIII

to be 14.3 days from egg to adult. The average developmental

period under normal field conditions for weevils bred from all three

types of squares is shown to be 21.8 days. Under actual field condi-

tions it is safe to say the boll weevil requires a period of Y.5 days

additional time for development, or fully one-half more time than is

required under insectary conditions at Madison, Fla.

Table XIII.— Table shoiving the developmental period of the boll weevil under
insectary conditions, 1919.
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DEVELOPMENTAL PERIOD OF THE BOLL WEEVIL IN GREEN
COTTON BOLLS.

Owing to the fact that hirge numbers of adult weevils in the field

at the time the bolls are set deposit eggs in the bolls almost as readily

as they do in the squares, it is almost impossible to secure noninfested

bolls for breeding purposes. Therefore the following method for

securing the developmental period of the weevil in cotton bolls for

upland, long-staple, and sea-island cotton was followed.

Large, healthy, grown bolls were examined for egg punctures. The
number of egg punctures M^as recorded on a light string tag. together

Madison, Fla.

with the date of examination. The boll was inclosed in a thin muslin

bag to prevent further infestation and allowed to remain on the plant

under normal field conditions until the adult weevil emerged. All

weevils that emerged were counted and the sex determined.

During the month of August 200 weevil-infested bolls were bagged

(fig. 11) on each of the three types of cotton. Daily examinations

were made of the bagged bolls after a period of 10 days had elapsed.

The upland cotton bolls produced 7 male weevils that required 233

weevil days for development, or an average period of 33.2 days. The
6 female weevils bred from upland cotton bolls required a total of

207 weevil days, or an average period of 34.5 daj's from egg to adult.

The 200 long-staple or thick-rind cotton bolls produced 8 male

weevils that required 250 weevil days from eg^i^ to adult, or an average
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period of 31.2 clays. A total of 298 weevil days was required by the
10 female weevils bred from long-staple cotton bolls, or an average
period of 29.S days from egg to adult. The sea-island cotton bolls

produced 30 male weevils that required 953 weevil days from egg to

adult, or an average developmental period of 31.7 days. A total of

18 female weevils bred required 623 Aveevil days, or an average period
of 34.6 days for development from egg to adult. (Fig. 12.)

Since the bolls had probably

been punctured from 5 to 7 days
before they were bagged, it is evi-

dent that the developmental

period of the boll weevil in green

cotton bolls is approximately 35

to 40 days under the most favor-

able summer temperatures and
longer during the fall months.

Howe ^ states that the develop-

mental period of the boll weevil

in green upland cotton bolls at

Tallulah, La., under insectary

conditions, was 16.2 days. At
Madison, Fla., the developmental

period of the boll weevil in green

cotton bolls under actual field

conditions more than doubles

Howe's record.

Fig. 12.—Four cavities in whicli four

boll weevils were reared in a sea-

island cotton boll, ^Madison, Fla.

FECUNDITY OF THE BOLL WEEVIL IN UPLAND AND SEA-ISLAND
COTTON BOLLS.

Throughout the season of 1918 attempts were made to secure rec-

ords of the fecundity of the weevil in green cotton bolls. More than

200 pairs of weevils were under observation at different times during

the season. In no case were clear and concise records secured for

individual weevils. For some peculiar reason the females did not

oviposit freely in the green cotton bolls under insectary conditions.

PREFERENCE SHOWN BY FEMALE WEEVILS FOR OVIPOSITION IN SEA-ISLAND AND
UPLAND COTTON FRUIT.

An experiment to determine the preference by the boll weevil for

deposition was made by confining six female weevils over upland

and sea-island cotton fruit. The female weevils were confined in a

large battery jar on moist sand. Fresh squares and bolls of both

sea-island and upland cottons were placed in the jar each morning

»Howe, R. W. Studies of the Mexican Cotton Boll Weevil in the Mii

U. S. Dept. Agr. Bui. 358, p. 28. 191G.
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Fig. 1—Showing Position of Egg
Punctures on Sea-Island Cotton.

Fig. 2.—Showing Position of Egg
Punctures ON Upland Cotton.

Fig. 3.—The Difference in Structure between Sea-Island Cotton Bolls
(ABOVE) and Upland Cotton Bolls (below).

THE BOLL WEEVIL ON SEA-ISLAND AND UPLAND COTTONS.
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and all fruit in which eggs had been deposited was recorded and

removed from the jar. The records of the experiment are presented

in Table XV. A total of 49 eggs were deposited in upland squares

compared with 17 eggs deposited in sea-island cotton squares. Eggs

were deposited in six sea-island bolls, but in none of the upland

cotton bolls.

Table XV.

—

Preference shoum by females of the boll taeeml in locations for ovi-

position on sea-island and upland cotton, Madison, Fla., 1918.

Date.
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THE RELATION OF TEMPERATURE TO THE BIOLOGY OF THE
BOLL WEEVIL.

The relationship of temperature to the biology of the weevil has

been thoroughly studied for the adult weevil. Little information is

available, however, showing the effect of temperature on the imma-

ture stages of the weevil. For years the Bureau of Entomology has

made so-called status examinations in different parts of the weevil-

infested area of the cotton belt to determine the percentage of mor-

tality caused by the heat and dry weather in the immature stages

of the weevil. From an examination of 91,082 immature weevil

stages Hunter and Pierce ^" found 23.8 per cent killed by heat and
dryness. This examination extended over the different months of the

growing season from May to October. The relatively small per-

centage of mortality among the immature weevil stages recorded in

this examination is misleading, because the life of the immature

weevils was not followed through until the weevil became adult.

From the writer's observations at Madison, Fla., the critical period

of the immature weevil caused by intense heat seems to extend to

the teneral adult stage. Hundreds of teneral adult weevils were

observed in squares in the field hatchery that were killed by the

heat before they could make an emergence hole in the square. There-

fore an examination made to determine the percentage of mortality

caused by heat and dryness on any given date is misleading for the

simple reason that, although the percentage of immature stages

dead may not run very high at the time of examination, yet if it

were possible to follow these stages through to emergence of the adult

weevil the figures might be trebled. As a concrete illustration,

on June 25, 1919, Dr. Pierce examined 451 weevil stages in fallen

brown squares taken from plants on which tagged squares were

hanging or had fallen. Of the 451 stages examined 134, or a per-

centage of 38.95, had been killed from climatic causes. At the time

this examination was made the writer had 1,378 fallen punctured

squares that were tagged on the day of egg-puncture under observa-

tion for breeding records. Dr. Pierce's examination indicated that

38.95 per cent of the 1,378 fallen punctured squares would not hatch

weevils, since the punctured squares used in his examination were

taken from underneath the plants where tagged squares belonging

to the writer were lying. However, of the 1,378 squares that were

tagged, only 134, or 9.7 per cent, produced adult weevils. It is evident

that a field examination is misleading in so far as the percentage of

control of the immature weevil stages by heat and dryness is con-

cerned unless these stages can be followed through to the emergence

of the adult weevil.

>o Hunter, W. D., and Pierce, W. D., op. cit.
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TEMPERATURES FATAL. TO THE IMMATURE STAGES OF THE BOLL WEEVIL

Owiiio; to the lack of proper soil thermometers, it was impossible

to determine accurately the fatal temperatures for the immature

stages of the weevil. The thermometers in use frequently recorded

maximums of 115 to 125° F., and under these maximum soil tem-

peratures it seems safe to assume that not more than 10 per cent of

the immature weevils will survive on Norfolk sandy soils such as

occur at Madison, Fla.

THE EFFECT OF TEMPERATURE ON THE LENGTH OF THE DEVELOPMENTAL
PERIOD OF THE IMMATURE STAGES OF THE BOLL WEEVIL.

Mean temperature and humidity either shorten or prolong the de-

velopmental period of the immature weevil. The exact amount of

humidity required for development under optimum conditions has

never been determined. A mean temperature of 84° F. has been de-

termined as the optimum temperature for development of the im-

mature weevil stages. Were it possible for the immature weeval to

have the exact amount of humidity and a mean temperature of 84°.

the developmental period of the immature stages would be approxi-

mately 8 days. Temperature and humidity, however, are never just

in the right proportion and so the period of development varies under

different conditions.

THE EFFECT OF TEMPERATURE ON THE LENGTH OF THE DEVELOPMENTAL
PERIOD UNDER INSECTARY CONDITIONS.

Under insectary conditions the development of the weevil has been

shown to be approximately 14.3 days from egg to adult. This period

of development is much shorter than the period under field condi-

tions owing to the smaller variation in extremes of temperature.

The mean temperature at Madison, Fla., under insectary conditions

during the months of June, July, and August approximates 81° F.

according to the United States Weather Bureau records. The aver-

age mean temperature is lower by 3° than is required for the optimum
developmental conditions. Therefore it is to be expected that the

developmental period would be approximately 14 days under in-

sectary conditions.

THE EFFECT OF TEMPERATURE ON THE DEVELOPMENT OF THE IMMATURE
STAGES OF THE WEEVIL UNDER FIELD CONDITIONS.

Under field conditions the development of the immature weevil is

considerably retarded and prolonged. It has been shown that the

infested squares remain on the plants for approximately 11 days

after egg puncture. For fully 8 days after egg puncture the sap

continues to flow^ to the injured squares and keeps the temperature

lower than is required for proper weevil development. At night the
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transpiration of the plant further lowers the temperature surround-

ing the developing weevil, and for 12 of the 24 hours of the day the

minimum temperatures below 84° F. are retarding and prolonging the

developmental period. After the infested square drops off the plant

it is exposed to the high soil temperatures which range well above

100° F. from 10 a. m. to 5 p. m. The immature weevil is again re-

tarded and all temperatures above 84° F. as well as below 84° F.

act as retarding factors.

THE DEVELOPMENTAL PERIOD OF THE BOLL WEEVIL ON DIF-
FERENT TYPES OF SOIL.

Although the field biology of the boll weevil has not been studied

for the different types of soil, the results secured at Madison, Fla.,

indicate certain generalizations which will probably hold good for

the majority of cases.

In addition to heat and dryness soil drainage must be considered.

Poorly drained soils such as are found in the Mississippi Delta and

the swamps and river bottoms will probably show an average period

of development from egg to adult to be a few days shorter than it

would be wore these soils well drained. On the other hand sandy, well-

drained soils, such as the Gulf Coastal Plains, the oak, hickory, and

pine uplands, and the rocky hillside types, will probably show a longer

period of development than any other generalized type of soil. The
semiarid region of Texas should show the longest period of weevil

development under field conditions. The range in the develop-

mental period at Madison, Fla., was from 16 to 38 days for weevils

develoj^ing in squares and it appears probable that the maximum
period would be much greater in the dry regions of Texas.

THE EFFECT OF THE DETERMINATE GROWTH OF THE COTTON
PLANT ON THE BIOLOGY OF THE BOLL WEEVIL.

Perhaps no single factor contributes so much to the control of the

weevil as the determinate growth of the cotton plant. On the Gulf

Coastal Plains type of soil at Madison, Fla., the upland cotton

usually sets its crop by the 20th of July and the cotton is practically

all open by the 20th of August. In addition, the cotton plants are

usually attacked by several species of rusts and wilts, which result

in the plant becoming decadent, shedding off the leaves, squares, and

immature bolls. This leaves the weevil with few breeding places.

At this particular time also the weevils are so numerous in the cotton

fields that the few squares growing on the plants are subjected to an

overwhelming attack for both food and breeding purposes, which

results disastrously to the fall generations of the boll weevil. The
adult weevils in the field rapidly die off, and as few weevils are
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hatching out the numbei- that live to enter hibernation is greatly

decreased. The cessation of squaring naturally forces a considerable

number of weevils to attack bolls which otherwise might escape.

Whether the loss resulting from this attack is offset by an advantage

to the crop of the next season on account of the presence of fewer

hibernated weevils has not been fullv determined.

THE MAXIMUM NUMBER OF GENERATIONS OF THE BOLL WEEVIL UNDER
FIELD CONDITIONS.

The number of generations of the boll weevil under field conditions

varies with the different seasons and on the different types of soil.

A very dry and hot season may affect either generation to such an

extent that the eggs deposited during the first half of the generation

may not produce weevils at all, and consequently the generation is

much prolonged. The following table shows the maximum number

of generations at Madison, Fla., under field conditions

:

Table XVI.

—

Maximum number of generations of the boll iveevil bred in cotton

squares, Madison, Fla.

Generation.
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Fig. 13.—Hibernation cages on the ground in the woods, Madison, Fla.
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in the trees were supplied witli moss only and averaj^ed 10 feet above

the surface of the ground (fig. 15).

The boll weevils were collected from near-by cotton fields and in-

stalled in the cages every two weeks, beginning on October 1, the last

cages being installed on December 1.

TIME OF ENTRANCE INTO HIBERNATION.

The time of entrance into hibernation by the boll weevil at Madi-

son, Fla., usually begins about the time of the first killing frost.

The average date of this event is November 29. During the fall of

the open field at Madison, Fla.

1918, however, the warm weather held on until about December 8.

On November 13 the temperature dropped to 37° F., but the 20 days

following this drop were extremely warm and all weevils seemed

active until the drop in temperature on December 8. The weevils

were in hibernation almost continuously until February 20, the date

on which the emergence records were started. The mean tempera-

ture for November was 59.1° F. and 56.4° F. for December. When
it is considered that hibernation begins between mean temperatures

of 56 and 60° F. it is seen that the hibernation of the weevil in

Florida during November and December is more of a drowsy con-

dition than one of inactivity. The mean temperature for January,

1919, was 46.6° F. and for February 61.9° F. Therefore the weevil

really entered hibernation late in December and remained in this

condition for the month of January.



36 BULLETIN 926, U. S. DEPARTMENT OF AGRICULTURE.

Fig. 15.—Hibernation cages 10 feet above ground in the trees at Madison, Fla.
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ACTIVITY DURING THE HIBERNATION PERIOD.

In northern Florida the boll weevil, during the period of hiberna-

tion, is seldom inactive for a period of time longer than a month. As
was pointed out, the only months in which the average mean tem-

perature is below 56° F. are December and January, and even then

it not infrequently happens that warm days occur such as would

force the weevil to activity. Thus it might be said that the hiberna-

tion of the boll weevil in northern Florida is incomplete.

TIME OF EMERGENCE FROM HIBERNATION.

Owing to the incomplete hibernation of the boll weevil in northern

Florida the time of emergence must necessarily be a variable date.

February 20 has been selected as the date emergence started in the

experimental work at Madison. However, six weevils emerged on

the 10th of February and four on the 16th. After February 20 little

cold weather is experienced at Madison, and this date may be safely

assumed to represent approximately the date when emergence begins

for weevils sheltered in places exposed to the direct rays of sunlight.

RATE OF EMERGENCE OF HIBERNATED WEEVILS IN FLORIDA.

The emergence period in Florida extended over the period from

February 20 to July 7. The rate of emergence was decidedly more
gradual than might be expected when the relatively high tempera-

tures prevailing during March, April, and May are considered.

The accompanying diagram (fig. 16) shows the daily rate of emer-

gence of the weevil when hibernating in the open fields, on the

ground in the woods, and in the moss on the trees 10 feet above

ground. The diagram also shows three prominent periods of emer-

gence, or rather accelerations in the rate of emergence—-viz, March

3, April 4, and May 5, 6, and 7. On these dates the rainfall varied

from 0.1 of an inch on March 3 to 1.75 inches on May 7. The extreme

emergence recorded for May 6, 7, and 8 was also probably influenced

by excessive temperatures. In the accompanying chart (fig. 17) the

total percentage of rainfall compared to the total percentage of

weevils emerged at different dates also indicates that excessive tem-

perature was operating along with the rainfall after the 6th of May.

One of the interesting facts concerning the daily emergence of the

weevil when hibernating under the three different conditions is that

the emergence from the cages containing moss as hibernation quar-

ters was much later than the emergence from the other two sets of

cages. Spanish moss has been proven to be difficult to warm up

sufficiently to force the weevils out of winter quarters before late in

the season and the results at Madison, Fla., corroborate this fact in

every way.
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Pig. 16.—Showing tl-.e daily rate of emergence of the boll weevil when hibernating in
the open field, on the ground in the woods, and in the moss-covered trees, Madiaon,

Fla.
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The rate of emergence in Florida as compared to the rates of

emerg'ince in Louisiana and Texas is illustrated in the accompanying
diagram (fig. 18). Twenty-five per cent of the boll weevils emerge

in Florida a few days before the same percentage emerges in Texas

and at least 20 days earlier than in Louisiana. The rate of emergence

in Texas shows that 50 per cent of the weevils are out of hibernation

approximately 20 days before 50 per cent are out in Florida. After

50 per cent of the w^eevils emerge the figure shows that the rate of

emergence in Florida closely approximates the rate of emergence

in Louisiana. This is to be expected since the hibernation shelter in

Louisiana and Florida is decidedly more dense than the hibernation

shelter found in Texas. Table XVII presents the records showing

the percentage of total emergence of the boll weevil at different dates

and places where hibernation experiments have been conducted.

Table XVII.

—

Percentage of total emergence of boll weevils at different dates
and at different places.

Feb. 21.

Feb. 28.

Mar. 7.

Mar. 14.

Mar. 21.

Mar. 28.

Apr. 4.

Apr. 11.

Apr. 18.

Apr. 25.

May 2.

May 9.

May 16.,

May 23..

May 30..

June 6.

June 13.

June 20.

June 27.

July 4.

July 7..

Keatchie,
La., 1906.

0.00
.00
.00

.00

.00
3.93
6.87

24. 54
32.11
40.67
52.73
60.44
72.22
86.41
91.60
97.36
99.19
99.61

100. 00

Tallulah, La.

0.31
.31

6.62
10.09
13.56
23.34
35.95
41. P5
46.05
48.89
61.83
70.66
75.39
88,64

. 93. 69
99.05
99.68
99. 68

100. 00
100. 00

36.95
39.92
63.83
70.35
72.52
74.69
81.21
87.73
96.42
96.42
98.59
98.59
98.59
98.59
100.00
100. 00
100. 00
100. 00
100.00

Mansvira, La.

1.64
3.28
10.56
15.69
21.19
38.05
46.53
49.42
52.41
53.86
60.41
72.35
75.64
84.77
92.77
98.43
99.89
100.00
100. 00
100. 00

7.20
10.61
19.22
19.73
23.24

43.87
47.78
56.39
61.30
67.51
75.12
82.43
89.73
96.83
97.83

Dallas, Tex.

0.00
.00

24.48
36.36
57.14
71.72
75.70
81.28
84.46
85.74
88.62
92.30
95. 75

99^34
99.78
99.88

100. 00
100. 00
100.00

0.00
.00

7.27
23.63
45.45
55.45
63.63

94.55
98.18
98.18
99.09
99.09

100. 00
100.00
100.00

Calvert,
Tex.,
1907.

0.00
.00

22.80
31.90
44.30
57.20
64.20
70.40
77.40
79.51
82.62
88.73

Victoria,
Tex.,

0.00
12.01
27.92
48.23
66.24
79.35
84.16
89.58
93.80
95.02
95.88
97.50
98.36
98.92

99.97
100. 00
100.00
100. 00

Madison,
Fla.,
1919.

5.03
21.9
30.2
34.2

4L4
52.3
57.7
58.4
61.2
85.4
90.4
92.5
94.7
98.5
99.1
99.6
99.9

NUMBER OF BOLL WEEVILS SURVIVING THE WINTER WHEN HIBERNATING IN

THE OPEN FIELD.

In Table XVIII are presented the data on the number of weevils

surviving the winter when installed in the hibernation cages at dif-

ferent dates in the fall under open field conditions. Of a total of

4,300 weevils installed in the cages an average of 5.76 per cent sur-

vived the winter. The cage installed on November 15 showed the

greatest percentage of the total emergence, while the cage installed

on October 1 gave the smallest percentage of emergence. Emergence

from hibernation started in all of the cages, except the one installed

on December 1, on February 20. As was to be expected the date of
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last emergence was made by a weevil placed in the hibernation cage

on December 1. The dates on which 25, 50, and 75 per cent of the

weevils had emerged follow very closely the sequence of installation.

Table XVIII.

—

Hibernation of the boll weevil in open field cages, winter
J918-19.

Cage
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NUMBER OF BOLL WEEVILS SURVIVING THE WINTER WHEN HIBERNATING IN
SPANISH MOSS 10 FEET ABOVE GROUND.

The data on the survival of the weevils in cages installed 10 feet

above ground in trees are presented in Table XX, Only 4.54 per

cent of the 4,400 weevils installed in the cages in the trees survived

the winter. The cage installed on November 15, however, gave a

total emergence of 10.2 per cent. In connection w^ith the dates of the

beginning of emergence of the hibernated weevils it is interesting to

note the manner in which the moss held back the weevils, the first

emergence not occurring before February 26, and the last emergence

taking place on July 7.

Table XX.

—

Hibernation record of boll tvecvils in cages installed in the trees.

Cage
No.
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in the hibernation cages on November 15 was followed in order of

total emergence by the survival of weevils placed in the cages No-

vember 1 and December 1, respectively.

Table XXI. -Sutmnanj of hibernation of Anthonomus granHis under all con-

ditions—icinter 1918-19.
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The average period from oviposition to adult of all weevils bred

under insectary conditions on upland cotton squares was 14.91 days.

On sea-island cotton the average period from egg to adult for all

weevils bred under insectary conditions was 14,94 days.

The field-bred weevils showed more vitality than weevils bred

under artificial conditions.

Under field conditions the average length of time the infested

squares hung on the upland cotton plants after egg puncture was 11.5

days. The time required to complete the development of the im-

mature weevil after the infested square dropped to the ground was

10.8 days in upland cotton squares.

There was practically no difference shown in the length of the

developmental period of the boll weevils bred in short-staple upland,

long-staple upland, and sea-island cotton squares.

The developmental period of the boll Aveevil was approximately

7.5 days longer under field conditions than under insectary condi-

tions at Madison, Fla.

Soil temperatures of 120° F. and higher are usually fatal to the im-

mature weevils under field conditions.

The boll weevil at Madison, Fla., shows a decided tendency to

form a new variety.

The hibernation of the weevil at Madison, Fla., is incomplete and

the adults are seldom inactive more than 30 days at a time.

The emergence from hibernation of the weevil in Florida is a ery

gradual, the total daily emergence bearing a direct relation to the

total daily rainfall.

Weevils survived the winter in larger numbers in cages set on

the ground in the woods than in the open field or in cages in trees

10 feet above ground. Weevils placed in hibernation cages on

November 15 survived in larger numbers than on any other date

of installation.

The percentage of total emergence from hibernation begins with

more acceleration in Florida than in Texas up to the time that 25

per cent emerges. After 25 per cent of the weevils have emerged in

Florida the emergence is less rapid and the Florida emergence curve

very closely approaches the emergence curve for Louisiana.

The total percentage of hibernating weevils that survived the

winter of 1918-19 at Madison, Fla., was 7.54.
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INTRODUCTION.

The codling moth, Laspeyresla pomonella (L.) (PL I, A) is

generally recognized as the most serious insect pest attacking the

fruit of the apple and pear and is particularly abundant and destruc-

tive in the Grand Valley of Colorado. As a result of the extensive

injury to the fruit industry of this valley for which this insect is re-

sponsible, it was deemed desirable to make a thorough study of its

life histor}^ as a basis for control experiments.
19552°—21 1
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The data reported in the present publication fill an urgent need of

long standing for more complete and useful information regarding

the seasonal habits of the codling moth in the Grand Valley of Col-

orado. It should form a basis for constructive control measures for

the use of orchardists in this region.

The plans for this investigation were made by the United States

Department of Agriculture, Bureau of Entomology, in cooperation

with the Colorado Agricultural Experiment Station. The work

was done under the general supervision of Dr. A. L. Quaintance, in

charge of deciduous fruit insect investigations, Bureau of Ento-

mology, and Prof. C. P. Gillette, director and entomologist of the

Colorado Agricultural Experiment Station.

A field station was established at Grand Junction, Colo., in the

fall of 1914, by Mr. R. J. Fiske, of the Bureau of Entomology. The
senior author was placed in immediate charge of the work in 1915,

and was assisted during the year by Mr. E. R. Van Leeuwen, of the

Bureau of Entomology, and in 1916 by the junior author. Much
valuable information was given from time to time by Messrs. George

M. List and Claude Wakeland, of the entomological department of

the Colorado Agricultural Experiment Station.

The general character of the work in the Grand Valley was quite

similar to that of the codling-moth investigations conducted by the

Bureau of Entomology in several other fruit districts, but it was

carried out on a somewhat larger scale and includes certain phases

of the life history and habits of the codling moth not hitherto

reported.

THE GRAND VALLEY OF COLORADO.

LOCATION AND DESCRIPTION.

The Grand Valley of Colorado is located in Mesa County, on the

western slope of the Rocky Mountains, is about 32 miles in length,

and has an extreme width of 5 miles. It comprises nearly 75,000

acres of land, about one-fifth of which is planted to fruit. At the

time of these investigations there were approximately 10,000 acres

of apples and about 2,500 acres of pears, while the remainder of the

fruited area was devoted chiefly to peaches, plums, cherries, apri-

cots, and bush fruits. The great majority of the orchards, of which

the one shown in Plate II is a good example, were planted north of the

Grand River, which flows through the entire length of the valley.

TOPOGRAPHY AND ELEVATION.

The valley is comparatively level, with the exception of a few

elevations known locally as the " Fruit Ridges.-' The fruit district

of Orchard Mesa, while higher than most other parts of the valley,

is typical tableland. The general elevation of the Grand Valley
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varies from about 4,500 to 4,800 feet, Grand Junction being approxi-

mately 4,600 feet above sea level.

The climate is relatively dry, the annual rainfall being usually

8 to 9 inches, distributed according to the normal precipitation up

to and including 1916 as follows: January 0.49, February 0.64,

March 0.71, April 0.76, May 0.92, June 0.40, July 0.50, August 1.04,

September 0.95, October 0.91, November 0.55, December 0.44, or a

total of 8,31 inches per year. Moisture is supplied the crops by

means of irrigation systems, use being made of the water from the

Grand River.

The day temperatures during the summer season are high, while

those at night are relatively low. For further details as to weather

conditions in the Grand Valley see Tables I and II (pp. 4 and 5),

which give the annual meteorological summaries of the United States

AVeather Bureau for the years 1915 and 1916.

EXPLANATION OF TERMS.

In conformity with the previous life-history studies of the codling

moth by members of the Bureau of Entomology, certain definitions

of the terms employed have been adopted.

The term " generation " is here used to include all the consecutive

stages of the codling moth throughout the season, starting with the

egg and ending with the adult or moth. Thus the first eggs to be

laid (those deposited by the first moths of the season) would start

the first generation ; these and the resulting larvae, pupse, and moths

would belong to this generation. The eggs deposited by the moths

which belong to the first generation start the second generation,

to which also belong the resulting larvae, pupae, and moths, and so on.

The term "brood" as used in this publication is applied to any

stage of the codling moth which may belong to a specific generation

or to an unknown generation. For example, the eggs, larvae, pupae,

and moths which belong to the first generation are called first-brood

eggs, larvae, etc.

The larvae which pass the winter include all the nontransforming
larvae of the first and second broods, and, in the Grand Valley of

Colorado, all of the larvae of the third brood. The specific generation

to which each of these individuals belongs can not be determined
unless they have been reared. The term " generation," therefore, can
not properly be used to include the various stages of their transforma-

tions
; they are simply called " wintering " or " spring-brood " larvae,

and the pupae and moths into which they transform are designated
" spring-brood " pupae and moths.
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A. Adult Moth Resting on Apple Leaf.

B. Pair of Moths in Copula.

THE CODLING MOTH IN THE GRAND VALLEY OF COLORADO.
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As mentioned previously and explained later, the larvae which
hatch from the eggs deposited by the second brood of moths do not

transform into pnpse and moths the same season as hatched, but pass

the winter in the larva stage. Hence there is, in the Grand Valley

of Colorado, what might be called a " partial " or " incomplete " third

generation. However, these eggs and larvae are known as third-brood

eggs and larvae.

The " life cycle " of a generation includes the time from the deposi-

tion of the egg to the emergence of the moth of the same generation.

The " complete life cycle " extends from the time of the deposition

of the egg of one generation to the deposition of the egg of the next

generation and, strictly speaking, should include the female sex only.

The seasonal-history studies begin with the wintering or spring-

brood larvae which transform to pupae of the spring brood and from
which issue the moths of the spring brood.

The moths of the spring brood deposit the eggs of the first brood,

which, upon hatching, are known as larvae of the first brood. Some
of these remain in the larva stage until the following spring, while

the remainder transform successively into the pupae and moths of the

first brood.

The moths of the first brood produce the eggs of the second brood,

which, after their incubation period, result in the larvae of the second

brood. Some of these, like some of the first-brood larvae, are

wintering individuals, while the others transform and become suc-

cessively the pupae and moths of the second brood.

The moths of the second brood deposit the eggs of the third brood.

In the Grand Valley of Colorado all the larvae of this brood pass

the winter, comprising part of the spring brood of pupae and moths

the following season.

Wintering larva? or larvce of the spring hrood {spring-hrood larvce)

include: All of the nontransforming larvae of the first and second

broods and all of the larvae of the third brood.

Pupce of the spring hrood {spring hrood pupa^) include : All of the

pupae from the spring-brood larvae.

Moths of the spring hrood {spring-hrood moths) include : All of

the moths from the pupae of the spring brood.

The first generatioTi includes:

1. The eggs of the first brood.

2. The larvae of the first brood

:

{a) Transforming first-brood larvae;

{h) Wintering first-brood larvae.

3. The pupae of the first brood.

4. Tlie moths of the first brood.
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The sec&nd geiieration includes:

1. The eofgs of the second brood.

2. The larvae of the second brood

:

{a) Transforminfj; second-brood larvae;

{h) Winterino^ second-brood larvae.

3. The pupae of the second brood.

4. The moths of the second brood.

The third generation {not complete in tlw Grand Valley) includes:

1. The eggs of the third brood.
2. The larvae of the third brood, all of which are wintering

individuals.

METHODS AND REARING APPARATUS EMPLOYED IN THE LIFE-
HISTORY STUDIES.

The methods used in the study of the biology of the codling moth in

the Grand Valley were in most respects like those employed in simi-

lar investigations of the bureau at other places.

The rearing apparatus likewise conformed with that previously

used, with the exception of an improved cocooning rack, devised by

Mr, Van Leeuwen. This device was made of wooden strips 8 inches

long. If inches wide, \ inch thick, having two rows of compartments

or cells, each cell of which would accommodate one codling moth

larva. These cells were covered with, a strip of celluloid, through

which the transformation of the insect could be observed, and the

record of the observations was kept by placing a reference number

at the head of each cell in the space provided for that purpose.

After the inspection of the insects, the cells were covered by a strip

of wood one-eighth inch in thiclmess, which was held in place by

means of wire clamps made from paper clips. Three views of the

cocooning rack are shown in Plate III : a, the rack with cover re-

moved, showing the cells and larvae within as well as the reference

numbers; 5, side view, showing cover held in place by wire clamps;

(?, top view.

The cages used in the studies usually consisted of glass battery

jars, 6 by 8 inches, covered with cloth tops which are held in place

by rubber bands.

The oviposition cages consisted of the regular battery jars, the

bottoms of which were covered with a 2-inch layer of slightly moist

sand. A fresh twig of apple or pear foliage was placed daily in

each cage, as was also a small piece of sponge moistened with a solu-

tion of brown sugar.

The incubation cages, in which the eggs were kept, were similar

to those used for oviposition purposes. The leaves, on which the

eggs had been deposited, were held in a flat position between two

pieces of wire screen for a day or more to prevent curling while they

dried.
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Pupation studies.—The time of pupation of the larvae was found

by a daily examination of the cocooning racks.

Studies of the fupal period.—The pupal period was determined

for each individual by noting the time of pupation and emergence

of the moth.

Studies of moth eTnergence.—The records of the emergence of

moths were made daily.

Studies of the oviposition.—In order to secure data on the ovipo-

sition of the moths, it was necessary to confine the moths issuing on
different days in separate cages. The foliage in these cages was re-

moved daily and the number of eggs recorded.

Studies of the length of life of moths.—At the time of changing
the foliage in the oviposition cages, all dead moths were removed.

The sex was then determined and the length of life computed.

Studies of the incubation period.—The two distinct embryological

stages of the eggs previous to hatching were noted, namely, (1) the
" red-ring stage," or the first marked indication of the development

of the circulatory system, and (2) the so-called "black-spot stage,"

or the initial appearance of the black head of the developing larva.

(See PL IV, B.)

Studies of the larval feeding periods.—The feeding studies of the

larvae of the first brood were conducted in two ways: (1) By the

stock-]* ar method and (2) by the bagged-fruit method. The feeding

periods of the larvae of the second and third broods were ascertained

according to the stock-jar method only.

In the stock-jar Tnethod, apples free from codling-moth larvae were

placed in a wire basket within a battery jar into which were in-

troduced newly-hatched larvae. These soon entered the apples and
completed their feeding period within the fruit. Cocooning racks

were placed in each jar and these were examined daily to ascertain

when the larvae left the fruit, and from these data the length of

the feeding period was computed.

The hagged-ft^it method consisted in placing newly-hatched larvae

on apples developing on the tree and covering the fruit with finely

perforated paper bags. The fruit selected was first carefully

examined to insure its freedom from previous infestation. The in-

closed fruit was allowed to remain on the tree for a period of two
weeks, after which it was removed and kept at the insectary under

conditions identical with those described for the stock-jar method.

THE INSECTARY.

Most of the life-history studies of the codling moth were made
at the insectary, a partial interior view of which is shown in Plate

V. This was located to the rear of the laboratory and was partially
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A. Egg.

Greatly enlarged.

jp ii
•'#

%

B. Eggs in Advanced Black-Spot stage almost
Ready to Hatch.

Greatly enlarged.

THE CODLING MOTH IN THE GRAND VALLEY OF COLORADO,
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A. APPLES Infested WITH Larv/e.

B. Larv^ and Pup/iE IN Cocoons.

THE CODLING MOTH IN THE GRAND VALLEY OF COLORADO.
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shaded by trees, vines, awninfjs, and other buildings. As will be

noted in the photograph, the insectary was of open-type construc-

tion, permitting free circulation of the air; it was 40 feet long

and 11 feet wide, with the lowest part of the roof 11 feet in elevation.

The temperature conditions within the insectary closely paralleled

those in the orchards, as was determined by frequent observations.

A thermograph and maximum and minimima thermometers were

kept in the insectary for temperature records ; and the average daily

temperatures used in the various graphs and charts throughout this

publication were computed for each day by adding the temperature

recorded by this thermograph for each hour of that day and divid-

ing the sum by 24. Other data pertaining to weather conditions

were obtained through the courtesy of the local station of the United

States Weather Bureau, which was located within a half mile of

the insectary.

SEASONAL-HISTORY STUDIES OF 1915.

The seasonal-history studies of the codling moth Avere commenced
in 1915 with the observations of the time of pupation of the spring-

brood larvae.^ The climate throughout the season was generally nor-

mal, except in early May, when subnormal temperatures which fell

below the freezing point occurred successively on the mornings of

May 1 to 4 inclusive and again on May 7. On the 2d of May the tem-

perature dropped to 22° or 23° F. in many sections of the valley, one

exception being the Palisade peach district, which is usually favored

with higher minimum temperatures. At the time of the freezes most

apples had just dropped their blossoms, except the late-blooming

varieties, as Rome Beauty and Jeniton.

As a result of the low temperatures, the apple crop in the Grand
Valley, with the exception of that included in the Palisade district

and in a few orchards where oil heaters were employed, was prac-

tically destroyed. Here and there were to be found a few pears, the

blossoms of which seemingly were not so readily destroyed by the

freezes as were those of the apple. The general shortage of the apple

crop, however, did not in any way interfere with the life-history

studies, since sufficient fruit was at hand for feeding and other

purposes.

In referring to the tables the reader should bear in mind that each

table is a unit in itself. Successive tables are not necessarily con-

tinuations of the life history of all of the individuals given in the

previous table. For example, it will be noted that Table III is the

record of the time of pupation of 320 wintering larvae and that Table

IV includes observations on the length of the pupal stage of only

233 of these individuals. Differences of this character may be due to

1 These larvae were collected from l)anded apple trees in the fall of 1914 by Mr. R. J.

Flske, of the Bureau of Entomology.
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natural or artificial causes, such as death, accidental injury, para-

sites, the removal of specimens for other purposes, etc.

WINTERING LARV^.

As previously stated (p. 6), the wintering larvae consist of all of

the nontransforming larvse of the first and second broods and all of

the larvse of the third brood. (See Plate VI, B.)

The winter cocoon.—The winter cocoon is a small, well-built struc-

ture, having heavy silk walls in which are frequently interwoven

small particles of bark. When compared with the more hastily con-

structed summer cocoon, it will be noted that the winter cocoon is

of heavier construction and thus affords the larva protection against

the low temperatures of the winter season. The cocoon is gen-

erally more or less oval in form, but varies to conform with the

space in which it is built. The winter cocoon is usually found be-

neath the bark on the trunk of the tree, well concealed from birds

and insect enemies, in the crotches of the larger limbs, or in decayed

or partially decayed tree cavities, etc. Not infrequently, in the Grand
Valley, a mass of 10 to 20 cocoons, side by side or partially on top of

one another, may be found on the tree in places particularly favor-

able for hibernation. The cocoons are occasionally to be found

around the base of the tree just below the surface soil or within

cracks in the soil. Again, a considerable number of winter cocoons

are constructed in various cracks and crevices within packing

houses and storage cellars where the harvested fruit has been kept.

Reinodeling of the cocoon.—^The wintering larva begins activity

during the first warm days of spring; it then remodels its cocoon

by attaching thereto a slender silken exit tube which provides for

the safe issuance of the moth. This tube is usually a fraction of

an inch in length, although tubes have been found that were 2 or

more inches long, depending upon the location of the cocoon. Upon
the completion of the exit tube a lightly constructed silken partition,

which serves to separate the tube from the cocoon proper, is frequently

built at its base.

Emergence of the moth.—Shortly before the time the moth emerges,

the pupa punctures this silken partition and, by means of its retrose

spines, wriggles its way to the end of the exit tube. The moth then

ruptures the pupal skin, crawls into clear space, spreads and dries

its wings, and in due course of time takes flight. Were it not for the

exit tube, many moths would be unable to free themselves from the

place in which the larvae have cocooned.

PUP^ OF THE SPRING BROOD.

Time of 'pwpation.—Observations of the time of pupation of the

wintering larvae were made daily by examination of the larvae within

the cocooning racks. The tabulated results showing the time of
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pupation of 320 larvse are given in Table III and illustrated in

fi<2:ure 1.

It will be noted that the earliest pupation occurred April 14, when

two larvse transformed, and that the last of the wintering larvae

pupated June 8 or approximately 8 weeks later. On April 26 there

was a marked increase in the rate of pupation and a still greater

increase two days later, owing to

higher temperatures, as shown in

figure 1. Following this activity

the temperatures became abnor-

mally low, reaching in the insect-

ary a minimum of 27° F, on May
2, on this date only one larva

pupating. This freeze contributed

largely to the destruction of prac-

tically the entire fruit crop of the

Grand Valley west of the Pali-

sade district. Freezing tempera-

tures recurred on the mornings of

May 3, 4, and 7, but on the latter

maximum of 70° F., and, as a result, 18 larvse pupated. Pupation
thereafter continued quite regularly (except on May 10) and reached

its maximum on May 12. During the period of one week, May 7

to 13, inclusive, approximately 40 per cent of the wintering larvae

pupated. Following this crest of activitj^ the rate of pupation gradu-

ally diminished in the normal way.

'I JJ/ y I i\b5B

Fig. 1.—Time of pupation of spring-

brood pupsB of the codling moth,. Grand
Junction, Colo., 1915.

date the temperature reached a

Table III.

—

Time of pupation of lointering larx^cB of the codling moth, Grand
Junction, Colo., 1915.

Date of
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temperatures, than was the pupal period of those insects that trans-

formed later in the spring. The average length of the pupal stage

was 27.58 days, the maximum 34 days, and the minimum 15 days.

Table IV.

—

Length of the pupal stage of pupw of the spring brood of the cod-
ling moth, Grand Junction, Colo., 1915.

Date of
pupation.
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one exception) up to May IT, as shown diagrammatically in figure 2,

and probably would have continued growing lai-ger had it not been

for the retarding influence of the weather, which began May 18 and

continued to May 21, inclusive. The temperature dropped consid-

crablv on Mav IS and was accompanied by 0.12 inch of precipitation.
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tire clay, with a total of 0.29 inch of precipitation. The development

and activity of the codling moth were almost completely arrested,

with the result that no moths issued and no eggs were deposited.

With normal temperature conditions on May 18, 19, and 20, the

emergence of moths would doubtless have been large. The weather

turned increasingly warmer May 22, 23, and 24, and on the latter

date the maximum number of moths (196) issued. Thereafter the

emergence gradually decreased, the rate conforming closely to the

variations of the temperature until all of the moths had issued.

Table Y.—Time of emergence of codling moths of the spring hrood. Grand
Junction, Colo., 1915.

Date of
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Table VI.

—

Oviposition of codHnfi moths of the sprhu/ brood in rearing cages.

Grand Junction, Colo., 1915.
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Table VI.

—

Oripasition of codling moths of the spring hrood in rearing cages.
Grand Junction, Colo., 1915—Continued.
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Table VII.

—

Length of life of male and female codling moths of the spring
Irood in caqitivity: Nummary of records of 2,1.^^) individual moths, Grand
Junction, Colo., 1915.

Male.
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graph, figure 3. By further reference to this figure it will be seen

that the average daily temperatures from June 3 to June 7 were

relatively low and that during this period the moths did not de-

posit very freely. With the rise in temperature from June 7 to 10,

the moths were much more active and deposited 828 eggs on June 8,

1,106 eggs on June 9, and the maximum number of eggs, 1,379, on

June 10. The average temperature was also high on June 11, but

the deposition of eggs was notably less than on the preceding days.

Following the crest of egg deposition, the number daily deposited

gradually diminished, except on June 19, when 564 eggs were laid.

Table VIII.

—

Time of deposition, length of incuMtion, and time of hatching of

eggs of the first hrood of the codling moth. Grand Junction, Colo., 1915.

Obser-
vation.
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Table yiU.—Tinie of (leposition, lcii(/th of incubatum, and time of hatching of
eggs of the first brood of the codling moth, Grand Junction, Colo., 1915—Con.

Obser-
vation.
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Length of incubation.—ks, will be noted in Table VIII, the earliest

eggs required an incubation period about twice as long as those de-
posited later. This is accounted for by the lower temperatures to
which the earlier eggs were subjected. The incubation period
gradually decreased as the daily temperatures became higher with
the advance of the season. The average number of days from the
date of deposition to the time of the appearance of the red ring was
2.70, maximum 9 days, minimum 1 day ; the average number of days
from the date of deposition to the black-spot stage was 6.62, maxi-
mum 13 days, minimum 4 days; the average incubation period was
9.14 days, maximum 15 days, minimum 6 days.

BJi
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and nontransforming') according: to the stock-jar method (see p. 8)

is fjiven in Table IX. As will be observed, the leno^th of the feeding

period averaged 21.64 days, maximum 35 days, minimum 12 days.

Length of the feeding yerlod^ hoggecl-fi^it method.—In Table X
will be found the results of the observations of the feeding period of

242 larva? of the first brood (both transforming and nontransform-

ing) by means of the bagged-fruit method (see p. 8). The average

period of feeding was 22.77 days, maximum 35 days, minimum 15

days.

Table IX.- -Length of feeding period of larvw of the first hrood of the codling
moth, stock-jar method, Grand Junction, Colo., 1915.

Date of

entering
fruit.
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Table 'K.—Length of feeding period of larvw of the first brood of the codling
moth, bagged-fruit method, Grand Junction, Colo., 1915.

Date of
entering
fruit.
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Tahle XI.

—
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Table XII.—Time of pupation of transforming larvw of the first brood of the
codling moth, Grand Junction, Colo., 1915.

Date of
pupation.
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three days from banded apple trees in the Hamilton orchard. The
first of these sources was used primarily as a means of establishino;

the approximate emergence limits of the first-brood moths, while the

moths that issued up

to August 19 from the

larvre collected in the

Hamilton orchard
were used for the o\d-

position study of the

first brood. The lat-

ter moths were em-

ploj^ed for this pur-

pose because their

relative rate of emer-

gence approaches nor-

mal field conditions

more closely than

that of the moths
from the insectary

reared larvae.

According to the insectary-bred material, the first moth appeared

July 7 and the emergence continued daily, except on a few days, to

August 15. (See Table XIV and fig. 6.)

Table XIY.—Time of emergence of codliny moths of the first brood, from,
material reared at the insectary, Grand Junction, Colo., 1915.

6.—Time of emergence of moths of the first brood of

the codling moth, Grand Junction, Colo., 1915.

Date of
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and, for this reason, it was impossible to determine from field ma-

terial when the last moth of the first brood emerged and when the

first moth of the sec-

ond brood appeared.

It is reasonable to

infer, however, that

the approximate di-

vision of the broods

occurred during the

period of overlap-

ping, and for this

reason August 19

was selected as the

end of the emergence

of the first brood of

moths. The time of

emergence of the
moths of the first

brood from the
larvae collected in the

Hamilton orchard

is given in Table

XV and presented

graphically in fig-

ure 7. According to these data the first moths issued July 10, and
emerged in maximum numbers on August 9.

Table XV.

—

Tim^e of emergence of codling moths of the first brood, reared
from field material, Grand Junction, Colo., 1915.

Fig. 7.—Time of emergence of moths of the first brood of

the codling moth, Hamilton orchard, Grand Junction,

Colo.,, 1915.

Date of



CODLING MOTH IN COLORADO. 27

Table XVI. -Oinposition by codling moths of the prat brood in rearing cugets,

Grand Junction, Colo., HHf).
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Tiirie of ovlpositian.—One of the most important problems in con-

nection with the control of the codling moth in the Grand Valley

was to determine when the earliest eggs of the second brood were

deposited and when oviposition was at its height. It is believed

that these data could best be secured by using moths that emerged

from larvae collected regularly from banded orchard trees, since

the subsequent emergence of the moths would correspond to that

which would naturally have occurred in the field. With this in

view, the moths from the Hamilton orchard material were kept for

oviposition studies, beginning with those that emerged July 12 and
ending with those that issued August 19.

As is given in Table XVI, 69 cages containing a total of 1,711

moths were employed and, as will be noted therein, the average

number of days before oviposition was 2.07, maximum 5, and mini-

mum 1 ; the average number of days from the first to the last ovi-

position was 16.78, maximum 25, and minimum 7 ; the average num-
ber of days from the date of emergence to last oviposition was 17.85,

maximum 26, and minimum 10.

According to this table the first eggs were deposited July 13 by

moths that emerged July 12 and the last eggs were laid September

12. A few moths issued July 10 and 11 from the Hamilton orchard

material, and, in addition to these, several moths emerged from

insectary-bred and other material as early as July 7. These moths

were confined together in a cage and deposited the earliest second-

brood eggs on July 11, as shown in figure 8, page 31.

Length of life of moths.—Table XVTI includes the summary of

records of the length of life of 1,719 male and female moths of the

first brood. The data in this table show that the average length of

life of 769 male moths was 11.86 days, of 950 female moths 12.68

days; the maximum length of life of male moths 41 days, of female

moths 35 days; the minimum length of life of male moths 1 day,

of female moths 1 day. As has been frequently observed in other

studies of the life history of the codling moth with but few excep-

tions, the average life of the female moth is longer than that of the

male.
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Table XYII.—Lenffth of life of male and female eodl'mg moths of the first

brood in captivity; summary of records of 1,719 indiiHdual moths, Grand
Junction, Colo., 1915.

Male.
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Table XVIII.

—

Life cycle of the first generation of the codling moth, as obscrved
hij rearing, stock-jar feeding method. Grand Junction, Colo., 1915.

Date of
egg depo-



CODLING MOTH IN COLORADO.

the second generation.

Eggs of the Second Brood.

31

TiTiie of deposition.—Table XX shows the number of eggs de-

posited daily by moths of the first brood in oviposition jars in the

insectary. It will be noted that the period of Qgg deposition extended

from July 11 to September 15, inclusive, and that during this interval
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Table XX.

—

Time of deposition, length of inculation, and time of hatching of
eggs of the second Wood of the codling moth, Grand Junction, Colo., 1915.

Obser-
vation
No.
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Table XX.

—

Tiine of drpositio)!, Iciif/tli of incubatiou, (Did time of hatchiny of

ef/t/s of the .second Jn-ood of the eodlhiii moth, <l,r<iiid JiDietion. Colo., 1915—
Continued.

Obser-
vation
No.
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black spot was 5.54 days, maximum 8 days, and minimum 3

the average length of the incubation period was 7.22 days, maximum
11 days, and minimum 6 days.

Larv.e of the Second Brood.

TiTne of hatching.—By reference to Table XX it will be seen that

the time of hatching of eggs of the second brood extended over a

period of more than two months, namely, from July 19 to September

24. The largest number hatching in any one day was 2,280 on

August 21, a date which is just midway between that when the first
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the larvae hatched and commenced feeding as hite as September 24,

none that entered tlie fruit later than September 12 successfully

completed its feedinfj period. The average length of the feeding

period was 28.G9 days, the maximum 67 days, and the minimum 15

days.

Table XXI.

—

Length of feeding period of larvw of the second brood of the
codling moth, stock-jar method, Grand Junction, Colo., 1915.

Date of

entering
fniit.
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Table XXI.

—

Length of feeding period of lance of the seoond brood of the
codling moth, stock-jar method, Grand Junction, Colo., 1915—Continued.

Date of
entering
fruit.
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Table XXII.

—

Length of cocooing period of transforming larvee of the second

brood of the codling moth, Grand Junction, Colo., 1915.

Larvpc
left fruit.
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Table XXIV.

—

Length of the pupal stage of pupce of the second brood of the
codling moth. Grand Junction, Colo., 1915.

Date of
pupation.
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Table XXV. -Time of emergence of codling moths of the second brood, Grand
Junction, Colo., 1915.

Life Cycle of the Second Generation.

In Table XXVI are given the summarized data showing the

average length of each period in the life cycle of the codling moth as

derived from observations of 16 individuals of the second generation

reared by the stock-jar feeding method. It will be noted that the

average length of the incubation period was 6.12 days, the larval

feeding period 20.49 days, the cocooning period 8.56 days, the pupal

period 15.62 days, and the average life cycle 50.81 days.

Table XXVI.

—

Life cycle of the second generation of the codling nwth, as
observed by rearing by the stock-jar feeding method, Grand Junction, Colo.,

1915.

Date of
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THE THIRD GENERATION.

Owing to the small number of moths of the second brood that were
reared at the insectary, data of the third generation were not se-

cured. The moths of the second brood deposited third-brood eggs
but none of these hatched. Complete data of the third generation,

however, were obtained in 1916 (see p. 75-78).

CODLING-MOTH BAND STUDIES OF 1915.

Two orchards were selected for banding purposes. The first of
these, known as the Edwards orchard, was unsprayed ; it was located

about one-half mile west of the insectary. The second, or Hamilton

• s 5 « S fe 8 8 " w • = * t s 3 s s ~ •• s 9 s 9 a s !5 s ij« i
9'
i^s ii a r?

Fig. 12.—Number of larvae of the codling moth collected from banded trees, Edwards
orchard, Grand Junction, Colo., 1915.

orchard, was well sprayed throughout the season, and was located

about 2 miles west and ^ miles north of the insectary. Certain
trees in each orchard were scraped to remove the loose bark on the
trunk and larger limbs and were then banded with a strip of burlap
cloth, folded to three thicknesses, having a width after folding of
about 5 inches. These bands were removed every three days with
one exception in both orchards when the interval was four days. The
larvae of each collection were kept separate and were allowed to spin
up in corrugated pasteboard strips at the insectary for further
study.



CODLING MOTH IN COLORADO. 41

In Table XXVII and figure 12 will be found the data for the

Edwards orchard. As noted therein, the first larval collection was

made June 22 and the last NoA^ember 11, and during this period

3,551 larvae were secured. The maximum number of larvae collected

at any one time was 250, and this number was successively obtained

on July 20 and 23. During the season of 1915, 1,417 moths, or 39.96

JUNE OULY fJUeUST

Fig. 13.—Percentage of codling moths emerging from band-

collected material, Edwards orchard. Grand Junction,

Colo., 1915.

per cent, of the total number of larvae collected, issued from the band
material. The percentage of moths emerging from each collection

is shown in figure 13. No moths from this orchard emerged in 1915

from larvae collected after August 16 In the following spring 976,

or 27.52 per cent, of the moths emerged. The remainder of the larvae,

32.62 per cent, failed to transform to the adult stage.
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Table XXVII.

—

Band-record experiment. Codling moth larvce collected at the
Edwards orchard, Grand Junction, Colo., 1915.
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spring of 1916, 869 moths issued, or 20.77 per cent of the total num-

ber of larvae collected. The rest of the material, 29.22 per cent,

did not reach the adult stage.

Fig. 14.—Number of larva? of codling moth collected fiom banded trees, Hamilton
orchard. Grand .Tunction, Colo., 1915.

Under field, or nor-

mal, conditions,
there is a distinct

overlapping of the

larvae of the first

and second broods

and of the second

and third broods and

similarly the moths
of the first and sec-

ond broods overlap.

Hence with larva^

collected in the field

it is impossible to

know at all times to

which brood the in-

dividuals b el o n g

.

But with the insects

reared at the insect-

ary the brood identity
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of each individual is definitely known, and this information aids in the

establishment of the approximate limits of the broods as they occur
in the field.

Table XXVIII.

—

Band-record experiment. Codling moth larva' collected at the
Hamilton orchard. Grand Junction, Colo., 1915.
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The life-history data obtained in 1915 are shown in diagram in

figure 17.

SEASONAL-HISTORY STUDIES OF 1916.

During the season of 19 IG the life-history studies of the codling

moth were continued along the same lines as in the preceding year.

In several instances, however, the work was elaborated somewhat,

since the amount of material on hand was a little larger than in

1915. The biology of the codling moth in 1916 was quite similar to

that of 1915, except that the second generation began somewhat

earlier in the season. Full data on the third brood were obtained.
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PUP^ OF THE SPRING BROOD.

Time of pupation.—The daily observations of the time of pupa-

tion of the wintering larvae are tabulated in Table XXIX and pre-

FiG. 17.—Diagram of life history of the codling moth in the Grand Valley of Colorado, 1915.

sented graphically in figure 18. Reference to this table will show

that 508 larvae were under observation and that the earliest pupation

occurred April 16 and the latest

June 12, the period thus covering

about two months. The maximum
pupation took place May 6, when

37 individuals pupated. On April

28, 36 larvae transformed to pupae,

and if weather conditions had con-

tinued normal for the remainder

of the month, it is probable that

the maximum pupation would
Fig. 18.—Time of pupation of spring have occuiTed about May 1 ; but,

brood of the codling moth, Grand
^^^ ^^-jj y^^ ^^^^ -^^ ^j^^ graph, the

Junction, Colo., 1016. ^ '•
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temperature dropped considerably, resulting in a check to the pupa-

tion activity.

Table XXIX.

—

Time of pupation of tcintering larvce of the codling moth. Grand
Junction, Colo., 1916.

Pate of

pupation.
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Table XXX.

—

Lenffth of the pupal stage of pupw of the spring brood of the
codling moth, Grand Junction, Colo., 1916—Continued.

Date of

pupa-
tion.
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Oviposition hy moths of the sprhuj hrood.—The data obtained

from the oviposition studies of 1,449 female moths confined in 123

cages with 1,292 male moths are presented in Table XXXII. The
summarized figures give for the average number of days from the

time of emergence to day of first oviposition 6,07, maximum 13 days,

minimum 2 days ; average number of days of oviposition 13.38, maxi-

i
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Table XXXII.

—

Oviposition hy codling moths of the spring brood m rearing
cages, Grand Junction, Colo., 1916.
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Table XXXII.

—

Ordposition by codliny moths of tlie spring brood in rearing

cages, Orand Junction, Colo., 1916—Continued.
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average length of life of 1,281 male moths was 14.67 days, maximum
35 days, minimum 1 day; the average length of life of 1,457 female

moths was 15.73 days, maximum 39 days, minimum 1 day.

Table XXXIII.

—

Length of life of male and female codling moths of the spring
brood in captivity: Summary of records of 2,738 individual moths, Gramd
Junction, Colo., 1916.

Male.
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Table XXXIV.

—

Time of deposition, length of incubation, and time of hatching

of eggs of the first brood of the codling moth, Grand Junction, Colo., 1916.

Obser-
vation
No.
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Table XXXIV.

—

Time of deposition, length of incubation, and time of hatching
of eggs of the first brood of the codling moth, Grand Junction, Colo., 1916—
Continued.

Obser-
vation
No.
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brood, stock-jar method, will be found in Table XXXV. The first

larvae, as will be noted therein, entered the fruit June 8, while the last

larvae began feeding July 10. The average length of the feeding

period was 20.19 days, maximum 42 days, and minimum 14 days.

Length of the feeding ferwd^ hagged-fi^it method.—In Table

XXXVI is given the length of the feeding period of 264 larvae of

the first brood according to the bagged-fruit method. In this study

the first larvae entered the fruit June 1, the last June 28. Reference

to the summary of the table will show that the average feeding period

was 21.10 days, maximum 29 days, and minimum 17 days.

Table XXXV.

—

Length of feeding period of larvce of the first brood of the
codling moth, stock-jar method. Grand Junction, Colo., 1916.

Date of

entering
fruit.



56 BULLETIN 932, U. S. DEPARTMENT OF AGRICULTURE.

Table XXXVI.

—

Length of feeding period of codling-moth larrce of the first

brood, bagged-frtiit method. Grand Junction, Colo., 1916.

Date of
entering
fruit.
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Table XXXVII.

—

Length of corooning period, transfonitini/ codUny moth larvce

of the first brood, Grand Junction, Colo., 1916.

Larvsr
left fruit.
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Table XXXVIII.

—

Time of pupation of trwnsforming codling moth larvw of the
first brood, Grand Junction, Colo., 1916.

Date of

pupation.



CODLING MOTH IN COLORADO. 59

Moths of the First Brood.

Time of emergreTice.—As in the studies of 1915 (p. 24), a record

was kept of the time of emergence of first-brood moths reared from

insectary-bred material in order to determine the approximate limits

of the brood. In Table XL it will be noted that 829 moths issued

from 'Tuly 5 to August 19, inclusive; the same data are presented

graphically with temjjeratures in figure 23, Eecords were also taken

of the time of emcT*-

gence of the moths
that issued from the

larvae collected every

three days in the Ham-
ilton and Edwards or-

chards. The moths
that issued up to xlu-

gust 13, inclusive, were

used for oviposition

purposes in preference

to those from the in-

sectary-bred material,

because their rate of

emergence corre-

sponded more closely

to that which would
have occurred in the

field. These data are given in Table XLI and figure 24, and, as seen

therein, the first moth emerged June 25. The rate of emergence, how-
ever, was very low until July 1, but on this date 17 moths issued.

The first moths of the second brood from insectary-bred material

issued August 7, and the data indicate that from August 7 to 19

there was an overlapping of the moths of the first and second broods.

Since there is no way of determining the brood to which the moths

from field material belong, a date (Aug. 13) midway between

that of the last emergence of the first-brood moths and the first emer-

gence of the second-brood moths was taken as the dividing line be-

tween the two broods.

Tablk XL.^—Time of emergence of codling moths of the first hrood, from ma-
terial reared at the insectarij. Grand Junction, Colo., 1916.

ap
Fig. 23.—Time of emergence of codling moths of the first

brood, insectai-y-bred material. Grand Junction, Colo.,

1!>16.

Date of Num-
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Table XLI.—Time of emergence of codling moths of the first brood reared from
field material, Grand Junction, Colo., 1916.

Date of
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Numher of eggs per female moth.—The observations presented in

Table XLII include 1,713 female moths which were confined with

1,596 male moths in 133 cao;es. These moths produced a total of

75,337 eggs, or an average of 43.98 eggs per female moth.

Table XLII.

—

Oriposition by codling moths of the first brood in rearing cages.
Grand Junction, Colo., 1916.
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Table XLII. -Ovipositirm by codling moths of the first brood in rearing cages,
Orand Junction, Colo., 1916—Continued.
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Table XLII.—Oviposition hy codHng moths of the first brood in rearing cages.

Grand Junction, Colo., 1916—Continued.
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Table XLIII.—Length of life of male and female coaling moths of the first

brood in captivity: Summary of records of 3,231 individual moths, Grand
Junction, Colo., 1916.

Male.
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Table XLIV,—Life cycle of the first generation of the codlimj moth, as observed

by rearing, stock-jar feeding method. Grand Junction, Colo., 1916.

Date of



66 BULLETIN 932, U. S, DEPARTMENT OF AGRICULTURE.

THE SECOND GENERATION.

Eggs of the Second Brood.

Time of deposition.—As given in Table XLVI, eggs of the second
brood were deposited from July 3 to August 31, inclusive, and dur-
ing this period 46,410 eggs were laid. These data were obtained by
confining the moths that emerged from the larvse collected in the

g 1-

^ULY - l9UeUST SEPTEMBCR

FIG. l;5.—Time of deposition of eggs of the second brood of the codling moth, Grand
Junction, Colo., 1916.

field, using all of the moths that issued up to August 13, inclusive.

The greatest number of eggs laid on any one day was 2,333, and
these were deposited on August 2. The time of ^gg deposition is

shown graphically with average daily temperatures in figure 25.
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Table XLVI.—Time of (IcpoHition, length of incubation, and time of hatching
of eggs of the second brood of the codling moth, Grand Junction, Colo., J916.

Obser-
vation
No.
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Table XLVI.—Time of deposition, length of incubation, and time of hatching
of eggs of the second brood of the codling moth. Grand Junction, Colo,, 1916—
Continued.

Obser-
vation
No.
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nection with the control of the cocllinf^ moth, the time of hatchinf^ of

the second brood of e^gs is of great importance, as is also the time

when these eggs are hatching in largest numbers. It will be noted

in this table and in figure 26 that the larvae were appearing in

greatest numbers during the middle of the hatching period. The

maximum number of eggs, 2,098, hatched on August 8.
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Table X1.YU.—Length of feeding period of codling moth larvce of the second
brood, stock-jar method, Grand Jmiction, Colo., 1916.

Date of
entering
fruit.
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Table XLVII —Length of ferdinn period of eodlinv moth larvw of the seeond

brood, stock-jar method, Grand Junction, Colo., i9i6—Continued.

Date of
entering
fruit.
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Table XLVIII.—Length of cocooning period of transforming codling moth larvce

of the second brood, Grand Junction, Colo., 1916.

Larvae
left fruit.
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Table XLIX.—Time of pvpotion of tr(n}.sforming codling moth larvw of tlie

second brood. Grand Junction, Colo., 1916.

Rate of
pupation.
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Table LI.

—

Time of emergence of codUng moths of the second brood, from ma-
terial reared at the insectary, Grand Junction, Colo., 1916.

Date of
emer-
gence.
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were confined in the same caf?c. However, one moth, a male, lived

until September 80, 24 days after the last moth emerged. The last

female died September 28, 22 days after the last moth, emerged.

Life Cycle of the Second Generation.

The data on the life cycle of the second generation, as given in

Table LIU, include 161 individuals. The summary of the records

gives an average for the incubation period of G.Ol days, larval feed-

ing period 18.08 days, cocooning period 4.78 days, pupal period

13.52 days, and life cycle 42.40 days. To determine the length of the

complete life cycle of this generation for 1916, approximately 3

days should be added to these figures, since as noted in a previous

paragraph headed " Time of oviposition," 3 days elapsed between

the date of emergence of the first female moth and the date the first

egg was deposited.

Table LIII.—Life cycle of the second generation of the codling moth, as
observed by rearing, stock-jar feeding method. Grand Junction, Colo., 1916.

Date of
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Table LIV.—Time of deposition, length of incubation, and time of hatching of
eggs of the third brood of the codling moth, Grand Junction, Colo., 1916.

Obser-
vation
No.
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^s^Ternesfr

Fig. 29.—Time of deposition of third-brood eggs of the
codling moth, Grand Junction, Colo., 1916.

to the appearance of the black spot was 6.36 days, maximum 9 days,

and minimum 6 days ; the average incubation period was 7.77 days,

maximum 11 days,

and minimum 7 days.

Labv.e of the ThIKI)

Brood.

Tim e of hatchimj.—
The larvae o f t h e

third brood com-

menced to hatch Au-
gust 20, as will be

noted in Table LIV
and figure 30. Hatch-

ing continued daily,

with some exceptions,

up to September 21,

the period thus hav-

ing a duration of about one month. The larvae were hatching in
maximum numbers on September 4, and on this date 188 hatched.
A large proportion of the eggs, however, hatched previous to this,

namely from August
A J

/\ I

22 to 29.

/ V^/ V / v\A '°^ Length.of.the.feed-

V rl\T< r V ^ I ing period.—The
study of the feeding

period of larvae of

the third brood,
stock-jar method, in-

cluded 331 1 a r V ae.

The first larvae to

hatch entered the

fruit August 20,

Avhile the last larvae

entered the fruit Sep-

tember 21. Xone of

the larvae that en-

tered the fruit after September 11 reached maturity. It will be

noted in Table LY that the average feeding period of the larvae

under observation was 37.55 days, maximum 68 days, and minimum
20 days.

SePTCnBER

30.—Time of hatching of third-brood eggs of the
codling moth, Grand Junction, Colo., 1916.
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Table LV.—Length of feeding period of codling moth larvw of the third brood,
stock-jar method, Grand Junction, Colo., 1916.

Date of
entering
fruit.
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The data from the studies of the larvae collected in the Edwards

orchard are given in Table LVI, in which it will be found that 50
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Table LVI.—Band-record experiment.—Codling moth larvw collected at the
Edwards orchard, Grand Junction, Colo., 1916.



CODLING MOTH IN COLORADO. 81

In figure 35 the graph is intended to show the average daily tem-

peratures and the number of first and second brood moths that

t^-^Yl^-^.

Fig. 34.—Number of codling moth larviE collected from banded trees, Hamilton orchard,
Grand Junction, Colo., 1916.
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emerged from the larvae collected from the banded trees at both the

Edwards and Hamilton orchards. The first moth emerged June 25,

the last September 8, a period of about two and a half months. The

highest number of moths that issued in one day from this combined

material was 167 on July 28, and this day was almost midway be-

tween the date of the first and last emergence. It will be recalled

that, according to the insectary bred material, there was an over-

lapping of the first and second brood moths from August 7 to Au-

gust 19 and that August 13 was theoretically considered as the divid-

ing line between the two broods.

Table LVII.—Band-record experiment, codling moth larvw collected at the Ham-
ilton orchard. Grand Junction, Colo., 1916.
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sycophanta L., which has been instrumental in partially reducing

the number of brown-tail moth and gipsy moth larvai as well as other

lepidopterous larvae of the New England States. Over 1,000 of

these beetles were released in June, 1915, but none were recovered

after their distribution.

PARASITIC ENEMIES.

The parasitic enemies of the codling moth in the Grand Valley

play a very unimportant role in its control, although in one instance

an Qgg parasite, Trlchogramma minutum Riley, was found quite

abundant in the field in a small pear orchard. Some of the foliage

surrounding the fruit was pulled at random and then was exam-

ined for eggs. Out of the first 100 eggs found, 15 were parasitized

by this insect. As many as three of these parasites were found

developing within one codling moth egg, while quite frequently

two of the parasites inhabited the same egg.

Another parasite, Dihrachys cllsiocampae Fitch, was found to

attack the codling-moth larva and continue to feed upon the host

after it had transformed to the pupa stage.

The parasite Arthrolytus apatelae Ashmead was also reared from

material collected in the field.

In general, the occurrence of parasitism was so infrequent that

little good was accomplished by this class of natural enemies.

MISCELLANEOUS STUDIES.

EFFECT OF COOL TEMPERATURES ON EMERGENCE OF MOTHS OF THE
SPRING BROOD.

In laboratory cellar.—As a means of studying the influence of cool

temperatures upon the emergence of moths of the spring brood, a

number of wintering larvse were placed in the cellar of the lab-

oratory. This cellar was of the usual type, having stone walls and

a cement floor, and was moderately dry. The temperature and

atmospheric conditions within would compare somewhat with the

fruit cellars or caves in which fruit is sometimes stored in the

Grand Valley. The cage containing the insects was examined daily

and the results of the observations will be found in Table LVIII.

A study of this table Avill show that the first moth, under cellar

conditions, did not emerge until May 30, or 18 days after the first

adult appeared in the outdoor insectary. It is noteworthy that the

last emergence of moths in the cellar cage and the insectary cages

occurred the same day, June 29. From these observations it would

appear that the lower temperature in the cellar had a retarding

influence in the development of the insect for some time, but that

after the insects had been subjected to a sufficient accumulation of

effective temperatures, their complete transformations to the adult

stage were not long delayed.
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Table LVIII.—Emergence of codling moths of the spring brood, laboratory
cellar, Grand Junction, Colo., 1915.

Date of
observa-
tion and
collec-

tion.
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Moths of the spring broody 1915.—A certain lot of wintering

larvae were placed in cages with the view to determining at what
l^eriods of the day the moths of the Spring brood emerge. The ob-

servations were taken at 8 a. m., noon, and 6 p. m. from May 14 to

May 28, inclusive. It will be noted in Table LX that 1,189 moths
issued during the 15-day period ; 60, or 5.05 per cent, issued between

6 p. m. and 8 a. m. ; 928, or 78.05 per cent, between 8 a. m. and 12

o'clock noon, and 201 moths, or 16.90 per cent, between 12 noon
and 6 p. m.

Table LX.

—

Emergence of codling moths of the spring hrood, Grand Junction,
Colo., 1915.
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Moths of the spring hrood, 1916.—Observations of the time of

emergence of moths of the sjDring brood were made hourly from
7 a. m. to 6 p. m. from Mav 17 to 31, inclusive, as recorded in Table

LXII. It will be noted therein that the largest number of moths
issued between 12 o'clock noon and 1 p. m. The heaviest emergence
period was the five-hour interval from 9 a. m. to 2 p. m., during
which 895 moths, or 67.14 per cent of the total number of 1,333 moths,

issued. Only 40 moths, or 3 per cent of the total, emerged during
the period of 13 hours from 6 p. m. until 7 a. m.

Table LXI] -Emergence of codling moths of the spring brood, hourly, from
7 a. m. to 6 p. m.. Grand Junction, Colo., 1916.

Date of
emergenc
of moths.
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Table LXIII.—Emergence of codHn<j moths of the first brood, hourly, from
6 a. m. to 6 p. m.. Grand Junction, Colo., 1916.
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wormy, it is believed that had there been a large influx of moths from

the hundreds of acres of surrounding orchards in which there was no

fruit, it would have been practically impossible to have saved the

crop with the normal spraying schedule.

In order to determine how far the adults can actually fly, it was

thought desirable to make some moth-flight tests. Accordingly,

trials were made on the mornings of June 11, 17, 24, July 27, 29, and

August 3, 1915. These tests were usually made early in the morning

and, in so far as possible, when the atmosphere was quiet and the tem-

perature moderately low in order that the moths would fly at a slow

speed. When the wind is moderate to strong or the temperature

high, the moths are very rapid in their flight, so that it is impossible

to follow them.

The moths were released one at a time from a central point, and
Mr. Van Leeuwen and the senior author followed their course on foot.

In all, several hundred moths were released and out of this number it

was possible to secure data on a few. In many instances the moths
ascended high into the air and were lost from view, in other instances

they dropped into bushes, while in some cases their flight was either

too erratic or swift to follow. The flight of the male moths was gen-

erally much more irregular and speedy than that of the other sex.

In determining the distance covered, measurements were made
from the starting point to the place where the moths dropped or were
lost from view. It should be noted, however, that the actual distance

between the starting and finishing points, as measured by pacing,

was usually only a small part of the distance the moths flew, since

they seldom went in a straight line and it was impossible to take

into account the numerous deviations from a direct course. Never-

theless, an attempt was made to estimate the number of feet actually

traveled during the flight whenever the moths proceeded in a new
direction for a considerable distance. This was done by counting

the steps of the observers and allowing a certain distance per step.

In this connection it should be borne in mind that the estimated dis-

tances, although approximate, are conservative.

In Table LXIV the flight records of 35 moths are given. Three

of these covered a distance of over a thousand feet in one flight,

measuring from the point of release to the place where the moths

disappeared from view or dropped to the ground. The maximum
air-line distance of 1,344 feet was made by a male moth. One female

moth that flew, in 6^ minutes, a distance of 1,035 feet measured in a

straight line, traveled an estimated distance of 3,000 feet and was

still flying when it disappeared from sight. Another female moth,

after flying continuously for 7^ minutes, was lost from view.

It would seem from the foregoing that the codling moth is capable

of making a fairly long and sustained flight, but it does not neces-
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sarily follow from this that the moth naturally migrates to any con-

siderable extent.

Table LXIV.—Flight records of the codling nwth. Grand Jvnction, Colo., 1915.

Moth
No.
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The observations in 1916 of the copulatory period of moths are

given in two tables : Table LXVI for moths of the spring brood and
Table LXVII for moths of the first brood.

Table LXV.—Observations of the copulatory period of codling moths of the
first brood, Grand Junction, Colo., 1915.

Pair
No.
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Table LXVII.—Observations of the coijulatory period of codlimj moths of the
first brood. Grand Junction, Colo., 1916.

Date
moths

emerged.

Julv 24
July 27
July 28
..do
Aug. 3
..do
Aug. 4

Aug. 5
..do.. ..

Aug. 6
..do
Aug. 9

Aug. 10
Aug. 11

Aug. 12
Aug. 14
..do
...do....
Aug. 28

Date
found

in copula

July 25
Aug. 2
July 31
...do...
Aug. 5

...do. .

.

Aug. 11

Aug. 7

Aug. S

Aug. 13

Aug. 20
Aug. 12

Aug. 15

Aug. 13
Aug. 23
Aug. 17

Aug. 20
Seut. 1

Time
found

in copula.

A. M
7.43...
7.20...
7.13...
7.19...
6.54...
9.52...
7.29...
7.00...
7.05...
6.20...
7.45...
7.06...
7.25. .

.

6.00...
7.45...
7.20...
6.50. .

.

7.40...
7.00 ..

.

11.40 a.m
4.50 p. m
12.15 p.m
12.15 p. m
2.37 p.m
6.00 p.m
5.48 p.m
4.55 p. m
12.19 p.m
10.09 a.m
10.00 p.m
2.45 p. m
12.10 p.m
10.40 a. m
8.02 a.m
11.27 a.m
3.55 p. m
Died previous to separation.
8.05 a.m

Minimum time
attached.

Hours. Minutes.

TIME OF DAY MOTHS OVIPOSIT.

A series of studies was inaugurated in 1915 and continued in

1916 to ascertain the time of day the moths deposit their eggs most

freely. The results of these studies are given herewith.

Moths of the first hrood^ 1915.—This experiment included 11 cages

in which were confined a number of male and female moths. The
observations were made at 3 p. m., 6 p. m., 9 p. m., 12 o'clock mid-

night, 6 a. m., 9 a. m. and 12 o'clock noon, or, in other words, daily

every 3 hours except at 3 a. m. These studies were commenced at

12 o'clock noon August 16 and were concluded at 6 a. m. August 21.

At each examination the old foliage was removed and a fresh

supply furnished, and at the same time the number of eggs deposited

on the sides of the cages was recorded and the eggs removed. Some
eggs were deposited on the sand in the bottom of the jars, but as

these could not be accurately counted, they were not taken into con-

sideration.

In Table LXVIII the tabulated data of the time of deposition of

3,621 eggs will be found in addition to the mean temperatures during

the periods of observation. This table has been summarized and the

data presented in Table LXIX, by reference to which it will be

noted that the great majority of the eggs were deposited between

12 o'clock noon and 9 p. m. The time of greatest deposition occurred

just before dusk, the moths being very active at this time. It is of

interest to note that with a mean temperature of 78.90° F. during 5

observation periods from 9 a. m. till 12 o'clock noon, only 2.31 per

cent of the eggs were laid, whereas the moths laid much more abund-

antly with both higher and lower mean temperatures when these

occurred later in the day.
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Table LXIX.—Time of oviposit ion by rodlimj niothx of the ftrnt hrood ; ohscrra-

tions to hen doily every three hours, e.reept at 3 a. m.; Grand Junction, Colo.

1915; summary of TaUe LXVIII.

Num-
ber of
obser-
vation
penods.
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Table LXXI.—Time of oviposition by moths of the spring brood; observations
taken daily every three hours, except at 3 a. m.; Grand Junction, Colo., 1916;
summary of Table LXX.

Num-
ber of

obser-
vation
periods.
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Table LXXIII.—Time of oviposition hij moths of the first brood, observations
taken daily every three hours, except at 3 a. m.. Grand Junction, Colo., 1916;
summary of Table LXXII.

Num-
ber of

obser-
vation
periods.

Peiiod of ol

tion.

12mt. to6a. m..
6 a. m. to 9 a. m.
9a. m. to 12m..
12 m. to 3 p. m..
3 p. m. to6 p. m
6 p. m. to 9p. m
9 p. m. tol2mt.

Total
number
of eggs

deposited.

Average
number
ofeggp
per ovi-

position
period.

3.42
1.85
8.28

38.28
219. 28
285.00
54.42

Per cent
of eggs

deposited
per ovi-
position
period.

0.56
0.30
1.36
6.27

35.92
46.68
8.91

Mean
tempera-

ture
diu'ing
ovipo-
sition

periods.

"F.
65.46
68.57
76.60

72.96
69.60

m=noon ; mt^midnight.

OVIPOSITION BY INDIVIDUAL MOTHS.

Studies of the fecundity of individual moths were made in 1915

and 1916 by isolating pairs of male and female moth^' in separate

cages. These moths were segregated either one or two days after

their emergence and were then confined in jelly-glass tumblers into

which were placed daily fresh apple or pear foliage and a small

piece of sponge moistened with newly made sugar solution. Each
cage was examined daily for egg^.

Moths of the first 'broocl.^ 1915.—As shown in Table LXXIV, the

first moths in this study emerged July 26, while the last pair, No.

83, emerged August 19. The summarized results of the observations

show that the 83 moths deposited a total of 3,762 eggs, or an aver-

age of 45,33 eggs per female. The maximum number of eggs laid

by a single individual was 185 ; the average number of eggs laid

by a single female in one day was 10.84 and the maximum 80.

Attention is here drawn to certain facts as revealed by a com-

parison of Tables XVI and LXXIV. It will be noted in the

former table, which gives in detail the oviposition data of moths

of the first brood confined, in 1915, in the usual large battery-jar

cages, that 46.73 was the average number of eggs deposited per

female moth, while 45.33 was the average number deposited per

female by the individual caging method, as shown in the latter

table. This latter method seems to have reduced the length of the

period of oviposition as well as delayed it somewhat. However, as

will be seen by a comparison of Tables XVII and LXXIV, the

average length of life of the female moth was about the same by
either method, it being 12.68 days when the moths were confined in

the large battery-jar cages and 12.80 days when caged individually.

A detailed record of this and other important oviposition data ob-

tained by the individual caging method in 1915 is given completely

in Table LXXIV.
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Table LXXIV.—Oviposition by individual codling moths of the first brood, Grand
Junction, Colo., 1915.
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Table LXXIV.—Oviposition by individual codUiuj tnotha of the first brood,
Grand Junction, Colo., 1915—Continued.



102 BULLETIN 932, U. S. DEPARTMENT OF AGRICULTURE.

Moths of the frst hrood^ 1916.—The study of the number of eggs
deposited by moths of the first brood was continued in 1916 on a more
extensive scale than during the preceding year. The methods em-
ployed, however, were identical in all respects. The data herewith

given M'ere obtained by recording daily the number of eggs laid by
201 female moths, beginning with moths that emerged July 11 and
ending with moths that issued August 22. As will be seen in Table

LXXVI, these 201 individuals deposited a total of 17,225 eggs, or an
average of 85.70 eggs per female.

Table LXXVI.

—

Oviposition hij indiiyidual oodling moths of the first brood. Grand
Junction, Colo., 1916.
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Table LXXVI.—Oviposition by individual oodlim/ moths of the fust brood, Grand
Junction, Colo., 1916—Continued.
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Table Ij'S-'KW.—Oviposit ion hy individual oodling moths of the first brood, Grand
Junction, Colo., 1916—Continued.
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Tart.e LXXVI.—Oripofiifion by indlHflnal codling moths of the first brood. (Irand
Junction, Colo., 1916—Continued.
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A comparison of Tables XLII and LXXVI will show that the

average number of eggs per female was greater in 1916, but that, as in

1915, the period of oviposition was shortened somewhat and that it

was also delayed where the pairs were confined alone in individual

cages. However, in 1916, the female lived for an average of 12.20

days when confined with other moths in a large battery-jar cage, as

shown in Table XLIII, compared with 16.42 days when caged in-

dividually. Other important phases of the individual oviposition

studies of 1916 are given in detail in Table LXXVI.
An abbreviated table giving the data for all of the moths that

deposited 100 or more eggs is given herewith. (See Table LXXVII.)
Referring to this table, it will be noted that 3 moths deposited over

300 eggs each, 1 moth deposited between 275 and 300 eggs, 6 moths

between 250 and 275 eggs, 8 moths between 225 and 250 eggs, 10

moths between 200 and 225 eggs, 13 moths between 175 and 200 eggs,

9 moths between 150 and 175 eggs, 14 moths between 125 and 150

eggs, and 14 moths between 100 and 125 eggs.

Table LXXVII.

—

Oviposition by individual codling moths of the first brood,

Grand Junction, Colo., 1916. Data taken from Table LXXVI.

Number of eggs deposited.
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Table LXXVIII.—DcpoHition of infertile codling moth c(/(/s, (Jrund Junction,

Colo., J'Jirj (30 female moths emerged July Jo).

Number
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HABITS OF NEWLY HATCHED LARViE.

The natural instinct of newly-hatched insect larvae is to seek suit-

able food on which to commence feeding. In the case of the codling

moth the fruit of the apple and pear is the preferred food, but the

larvae will also attack the foliage and occasionally will burrow into

the tips of tender twigs. The injury to the foliage is of little conse-

quence, consisting of small holes through the lower epidermis, usually

where the leaf is fleshy, as at the junction of the veins with the

midrib.

The frequency and amount of foliage feeding depend mainly on the

distance of the eggs from the fruit and the ease with which the

larvae find their ultimate object. Normally the early-season eggs are

deposited upon the whorl of leaves about the fruit, while later in

the year many eggs are laid directly on the fruit. It has been ob-

served that some larvae spend considerable time before they reach

the fruit and that these satisfy their appetites on the foliage during

the interim.

Upon reaching the fruit, the larvae seek a place of entrance, as

through the calyx, side, or stem. (See PI. VI, A.) Some individuals

crawl over the fruit for some little time before making an attack,

while others proceed to enter with little hesitation. The larvae

will frequently take advantage of depressions or ruptures in the skin,

as frost pits, hail marks, or injury from other causes.

The larvae, in starting to feed, tear away the skin by means of

their mandibles and cast most of it aside, consuming very little.

They first work directly beneath the skin, forming a shallow excava-

tion just large enough to accommodate them, and at the same time,

plug their entrance with frass.

THE CODLING-MOTH " STING."

The so-called "sting" is caused by the larvae that succumb to the

jjoison before they are able to make more than the shallow excavation

above referred to. They sometimes die from natural causes after

having penetrated beneath the skin and occasionally they leave an

entrance hole to start a new one.

CODLING-MOTH LARV^ FEEDING ON PEAR TWIGS.

On June 24, 1915, an examination of a pear orchard was made to

determine the cause of the browning of the leaves. At first sight the

orchard appeared to be affected with pear blight, Bacillus amplovorus

(Burrill) De Toni, but on closer inspection it was found that cod-

ling-moth larvae were responsible for the injury. There was practi-

cally no fruit in the orchard, owing to the spring freezes, and, as a

result, the larVae burrowed into the terminal ends of the twigs to a
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distance of about three- fourths inch. In many of the burrows no

larA^ae were found, they evidently having decided to leave after they

had consumed most of the softer tissue of the new growth. The
larvae found were in either the third or fourth instars. An attempt

was made to rear some of these larvae in pear twigs, but this was un-

successful. Two of the larvae obtained from the pear twigs, how-

ever, were transferred to apples on the date collected, June 24, and

from these two moths were reared, one moth issuing on July 19 and

the other on July 20.

EXPERIMENTS WITH BLACK AND WHITE BANDS.

In fruit districts where the codling moth is abundant, spraying is

frequently supplemented with banding. With the banding method
a strip of cloth is placed around the trunk of the tree and the cod-

ling-moth larvae that form cocoons beneath the cloth are destroyed at

intervals of about 10 days throughout the season. The question has

frequently been asked whether dark-colored bands are more attrac-

tive as a place of concealment than bands of a light color. To deter-

mine this, an experiment w^as made in 1916 in which were used bands

of cloth folded to three thicknesses, each alternate quarter of which

was black and white. (See PI. VII.) The trunks of 10 trees were

first thoroughly scraped and were then encircled with bands of this

description on July 5. The segments of the bands were arranged so

that the white and black quarters alternated with the four quarters

of the trunk. Thus on 5 trees there was a black segment on the

northeast side of the tree, while on the 5 remaining trees there was
a white segment covering this quarter. The bands were first exam-
ined for larv'ae on July 8 and every 3 days thereafter to August 19,

inclusive. The results of this study are given in Table LXXIX, in

which it will be seen that the codling-moth larva is strongly inclined,

when the opportunity is present, to spin its cocoon beneath dark-

colored cloth. Out of a total of 2,362 larvae collected, 2,083, or

88.19 per cent, spun their cocoons beneath the black segments of the

bands. A summary of this table is given in Table LXXX, which

shows the number of larvae collected under each segment. Accord-

ing to these figures, the codling-moth larvae, with one exception, pre-

ferred the northern exposure of the tree trunk.
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Table LXXIX.—Experiments vyith black and ichite hands for the codling moth,
Grand Junction, Colo., 1916.

Tree
No.

Color ofband
section and
location on
tree trunk.

Black,
White
Black,
White,
White,
Black;
White,
Black,
Black,
White
Black,
White
White
Black,
White
Black,
Black,
White
Black,
White
White
Black,
White
Black,
Black,
White,
Black,
White,
White,
Black,
White,
Black,
Black,
White
Black,
White,
White.
Black,
White
Black,

N.E.
,S. E.
S.W.
,N.W.
,N.E.
S.E..
,s.w.
N.W.
N.E..
,S.E.
S.W..
,N.W.
,N.E.
S.E..
,s.w.
N.W.
N.E..

, S. E.
S.W..
,N.W.
,N.E.
S.E..
,S.W.
N.W.
N.E..
S.E..
S.W..
N.W.
,N.E.
S.E..
,S.W.
N.W.
N.E..
,S.E..
S.W..
,N.W.
,N.E.
S.E..
,S.W.
N.W.

Number of larvae collected beneath band sections.

Totallarvaj 102 97 182 174 281 337 275 129 132 139 110 107 101 107

Total number
of larvae.

Black
band

section.

168



CODLING MOTH IN COLORADO. Ill

cloth bands, folded to two or three thicknesses, are very satisfactory

for banding purposes.

PERCENTAGE OF TRANSFORMING AND WINTERING LARV^.

Season of 1915.—By reference to Table LXXXI it will be seen

that 432 larvae, or 47.52 per cent, of the first-brood larvae that were

reared in the insectary, transformed in 1915 to form the second

brood; the remainder, 477, or 52.48 per cent, wintered. Out of

1,858 larvae of the second brood, 20, or 1.08 per cent, transformed

to form a third brood and the remainder, 1,838 larvae, or 98.92 per

cent, wintered. As previously mentioned, in the Grand Valley none

of the third-brood larvae transform until the spring of the next year.

Table LXXXI.

—

Percentage of codling moth lance wintering. Grand Junction,
Colo., 1915.

Brood.
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REVIEW OF SEASONAL-HISTORY STUDIES OF THE CODLING
MOTH IN 1915 AND 1916.

A generalized review of the seasonal-history studies of the codling

moth is given graphically in figures 17 and 36 for the seasons of

1915 and 1916 respectively. The curves represent approximately

the beginning, ending, and crest of activity of the more important

biological stages of the insect.

/9f=/>IL
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Deposition of first-hrood eggs.—The spring-brood moths just re-

ferred to were employed in the oviposition studies. The earliest

deposition of eggs of the first brood in 1915 occurred May 15, the

greatest number of eggs was deposited on June 10, while the last

Qgg was laid July 8. In the following year, the first eggs were de-

posited May 19, the crest of deposition was reached June 9, and the

oviposition period ended July 7.

Hatching of first-hrood eggs.—Hatching of first-brood eggs began

in 1915 on May 27, and the eggs were hatching in largest numbers

June 17. The last of the eggs hatched July 13. Hatching of first-

brood eggs the next year commenced June 1, and on June 16 the

eggs were hatching in maximum numbers, while the last of the eggs

hatched on July 11.

First-'brood larva' leaving the fi^it.—The time of larvae leaving

the fruit refers only to the insectary-reared individuals. In 1915

the first of these larvae left the fruit June 21, on July 20 the largest

number of larvae made their exit from the apples, and on August

10 the last first-brood larva completed its feeding. According to the

observations in the field, the first larvae were collected in the Edwards

orchard June 22 and in the Hamilton orchard June 28. In 1916

the first of the insectary-reared larvae left the fruit June 20, the

largest number left the fruit on July 2, and the last larva of this

brood left the fruit August 15. But in the field the larvae left the

fruit at least three days earlier as shown by collections made in the

Edwards and Hamilton orchards on June 17.

Pupation of first-brood larvm.—The time of pupation of the first-

brood insectary-reared larvae in 1915 was as follows: First pupa-

tion June 27, maximum pupation July 6, last pupation August 4 ; in

1916 the first pupation took place June 25, the maximum pupation

occurred July 7, and the last larva transformed on August 11.

Emergence of first-brood moths.—The time of emergence of first-

brood moths as indicated in the diagrams refers to the moths that

transformed from the field-collected larvae. In 1915 the first moths

of this brood (Hamilton orchard material) issued July 10, the

maximum emergence occurred August 9, and the theoretical limit of

emergence was August 19. In the following year all of the moths

from the transforming larvae collected in the Hamilton and Ed-

wards orchards were used for o\dposition purposes. The first of

these moths issued June 25, the maximum emergence occurred July

28, and the theoretical limit of emergence was August 13.

Deposition of second-brood eggs.—Eggs of the second brood were

first deposited in 1915 on July 12, on August 14 they were laid in

maximum numbei-s, and on September 15 the last eggs were de-

posited. In 1916 the earliest deposition occurred July 3, the maxi-

19552°—21 8



114 BULLETIN 932, U. S. DEPAKTMENT OF AGRICULTURE.

mum deposition on August 2, and the deposition period ended

August 31.

Hatching of second-hrood eggs.—Eggs of the second brood (1915)

commenced hatching July 19 and were hatching in maximum num-

bers August 21. The last eggs of this brood hatched September 24.

In the following year the first eggs hatched July 9, and the largest

number August 8. The hatching of this brood of eggs ceased

September 8.

Second-hrood larva' leaving the fruit.—The data for these curves

were taken from insectary-reared larvae, and as shown in the graph

the first larvae left the fruit in 1915 on August 5. The larvae left the

fruit in largest numbers September 1, while the last larva of this

brood completed its feeding period November 11. In 1916 the first

larva emerged from the fruit July 22, on August 9 they left the fruit

in maximum numbers, and the last larva of this brood made its exit

from the fruit on November 12.

Pujmtion of second-hrood larvm.—Larvae of the second brood

(1915) began to pupate August 12. The last transformation took

place October 2. In the succeeding year the pupation was as fol-

lows : P'irst July 27, maximum August 1, last August 23.

Enwrgence of sccmid-hrood moths.—According to the insectary-

reared material of 1915, the moths of the second brood commenced

to issue August 23. The emergence ended October 14. During the

season of 1916 the emergence period extended from August 7 to

September 6, with the maximum of emergence occurring August 14.

Deposition of third-brood eggs.—The eggs of the third brood de-

posited in 1915 failed to hatch. The first egg was laid September

16, the last September 23. In 1916, however, fertile eggs were de-

posited, the oviposition period extending from August 12 to Sep-

tember 21 with the maximum deposition August 27.

Hatching of third-hrood eg^gs.—None of the third-brood eggs from

insectary-reared material hatched in 1915. In the following year

the hatching period commenced August 20 and ended September 21.

On September 4 the third-brood eggs hatched in greatest numbers.

Wintering larvm.—The last of the wintering larvae of the season

of 1914 pupated June 8, 1915. The first larva taken in the field dur-

ing the season of 1915 to pass the Avinter successfully and transform

the following year to the adult stage was collected July 11 in the

Edwards orchard. In 1916 the last wintering individual pupated

June 12. Since no observations of the time of emergence of moths

were taken in 1917, it is impossible to state just when the first win-

tering larvae appeared in 1916. The part of the graph referring to

the wintering larvae of 1915-16 should be considered as an approxi-

mate estimate only.
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^ SUMMARY.

The life-history studies recorded herein were made in the Grand
Valley of Colorado during the seasons of 1015 and 191G.

The climate of the Grand Valley is comparatively dry and warm
during the summer season, and is very favorable to the development

of the codling moth.

According to the data secured in these studies, there are two com-

plete generations and a partial third generation of the codling moth
in the Grand Valley.

Length of the jjupal stage of the spring hrood.—In 1915 the length

of the pupal stage of the spring brood averaged 27.58 days, the maxi-

mum was 34 days, and the minimum 15. In 1916 the average was
26.80 days, the maximum 36, and the minimum 13.

Oviposition hy moths of the spring hrood.—In 1915 the average

number of days before oviposition was 6.19, the maximum 19, and
the minimum 2 ; the average number of days for the ^jeriod of ovi-

position was 13.82, the maximum 33, and the minimum 1 ; the average

number of daj's from the date of emergence to the date of last ovi-

position was 19.14, the maximum 37, and the minimum 5. In 1916

the average number of days before oviposition was 6.07, the maxi-

mum 13, and the minimum 2; the average number of days for the

period of oviposition was 13.38, the maximum 32, and the minimum
1; the average number of days from the date of emergence to the

last oviposition was 18,46, the maximum 34, and the minimum 7.

NwmJber of eggs per female moth of the spring hrood.—Accord-

ing to the oviposition studies of the spring-brood moths of 1915,

the average number of eggs per female moth was 12.59; in 1916, 11.34

eggs.

Length of life of moths of the spring hrood.—In 1915 the average

length of life of the male moths was 14.59 days and of the female

moths 15.86 days; the maximum length of life of the male moths
was 36 days and of the female moths 39 days; the minimum length

of life of the male moths was 1 day and of the female moths 1 day.

In 1916 the average length of life of the male moths was 14,67 days

and of the female moths 15.73 days; the maximum length of life

of the male moths was 35 days and of the female moths 39 days : the

minimum length of life of the male moths was 1 day and of the

female moths 1 da3^

THE FIRST GENERATION.

EmhryoJogical changes and length of the incuhation period of

frst-hrood eggs.—The embryological changes in the eggs of the

first brood and the length of the incubation period were as follows

:

In 1915 the average number of days from the date of egg deposition
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to the time of the appearance of the red ring was 2.70, the maxi-

mum 9, and the minimum 1 ; the average number of days from the

date of deposition to the black-spot stage was 6.62, the maximum
13, and the minimum 4; the average incubation period was 9.14 days,

the maximum 15, and the minimum 6. In 1916 the average number

of days from the date of deposition to the appearance of the red

ring was 2,62, the maximum 10, and the minimum 1 ; the average

appearance of the black spot from the time of egg deposition was

6.68 days, the maximum 11, and the minimum 6; the average incu-

bation period was 7.32 days, the maximum 14, and the minimum 6.

Length of feeding pe)%od of the fir'st-hrood larvm, stoch-jar

method.—During the season of 1915, the length of the feeding

period averaged 21.64 days, the maximum was 35, and the minimum
12. In the following year the average length of the feeding period

was 20.19 days, the maximum 42, and the minimum 14.

Length of feeding pei^od of the first-lrood larvce, bagged-f7'uit

method.—The records in 1915 give an average feeding period of 22.77

days, a maximum of 35, and a minimum of 15. In 1916 the average

feeding period was 21.10 clays, the maximum 29, and the minimum 17.

Length of cocooning penod of larvm of the first hrood.—As shown

by the observations in 1915, the average cocooning period was 6.70

days, the maximum 28, and the minimum 1. In the following sea-

son the average cocooning period was 5.53 days, the maximum 30, and

the minimum 2.

Length of pup(d stage of the first brood.—The average length of the

pupal stage, first brood, in 1915 was 11.44 days, the maximum 31, and

the minimum 6 ; in the succeeding year the average length was 11.23

days, the maximum 19, and the minimum 6.

Oviposition hy moths of the first brood.—As shown by the studies

in 1915, the average number of days before oviposition was 2.07, the

maximum 5, and the minimum 1 ; the average number of days from

the first to the last oviposition was 16.78, the maximum 25, and the

minimum 7 ; the average niunber of days from date of emergence to

last oviposition was 17.85, the maximum 26, and the minimum 10.

The summarized data for 1916 are as follows : The average number of

days from the date of emergence to the first oviposition was 2.21, the

maximum 5, and the minimum 1; the average number of days from

the first to the last oviposition was 12.69, the maximum 20, and the

minimum 1; the average number of days from the time of emer-

gence to the last oviposition was 13.63, the maximum 20, and the

minimum 5.

Number of eggs per female moth of the first brood.—The moths of

the first brood of 1915 deposited 46.73 eggs per female moth. In the

following year the female moths deposited an average of 43.98 eggs.
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Length of life of m-oths of the first hrood.—In 1915 the average

length of life of the male moths was 11.86 clays, the maximum 41, and
the minimum 1 ; the average life of the female moths was 12.68 days,

the maximum 35, and minimum 1. In 1916 the summarized figures

give 13.12 and 12.20 days as the average length of life of the male and
female moths respectively. The maximum life of the male moths was

38 days and of the female 26 days ; the minimum length of life of both

the male and female moths was 1 day.

Life cycl-e of the first generation.—The average life cycle as

obtained by rearing individuals from the ^^g to the adult stage,

stock-jar feeding method, in 1915 was 49.30 days, the maximum 72,

and the minimum 38. According to the bagged-fruit feeding

method, the average life cycle was 49.18 days, the maximum 74. and
the minimum 36. To obtain the complete life-cycle add 2.07 days,

which was the average time from the emergence of the moths to the

deposition of the first ^gg. In 1916 the average life cycle, stock-jar

feeding method, was 44.89 days, the maximum 77. and minimum 36

;

and the average complete life cycle, obtained by adding 2.21 days to

the life cycle, was 47.10 days. The average life cycle, bagged-fruit

feeding method, was 46.37 days, the maximum 66, and minimum 38.

The average complete life cycle was 48.58 days.

THE SECOND GENERATION

Emhryological changes and length of the incubation period of
second-brood eggs.—In 1915 the average number of days from the

deposition of the ^gg to the appearance of the red ring was 1.85,

the maximum 4, and the minimum 1 ; the average time for the ap-

pearance of the black spot was 5.54 days, the maximum 8, and mini-

mum 3; the average incubation period was 7.22 days, the maximum
11, and minimum 6. In the next year the average appearance of

the red-ring stage was 2.06 days after ^g'g deposition, the maximum
3, and minimum 1. The average appearance of the black spot was
5.80 days, the maximum 7, and minimum 5. The length of the

incubation period averaged 6.93 days, the maximum 10, and mini-

mum 6.

Length of feeding period of second-brood larva.—The average

length of the feeding period in 1915 was 28.69 days, maximum 67,

and the minimiun 15. In 1916 the average length of the feeding

period was 28.61 days, the maximum 70, and the minimum 14.

Length of cocooning period of larvw of second brood.—In 1915 the

average length of the cocooning period was 9.35 days, the maximum
31, and minimum 3. In the following year the average number of

days for the construction of the cocoon was 4.80, the maximum 14,

and minimum 2.
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Length of 'puyal stage of secotul hrood.—The average length of

the pupal stage of the pupae of the second brood in 1915 was 15.62

days, the maximum 31, and the minimum 11. In 1916 the average

length of the pupal stage was 13.51 days, the maximum 16, and the

minimum 11.

Oviposition hy moths of tlie second hrood.—No oviposition data

were obtained in 1915 owing to the fact that the eggs deposited by

the moths of the second brood failed to hatch. In 1916 fertile eggs

were deposited, but since moths emerging on different dates were

confined in the same cages no oviposition data were obtained.

Nuniber of eggs per female moth of the second hrood.—In 1915

no fertile eggs were deposited, but in the following year the aver-

age number of eggs per female moth was 45.58.

Length of life of moths of the second hrood.—The moths of the

second brood of the seasons of 1915 and 1916 were not confined in

separate cages according to their time of emergence. For this rea-

son no data were obtained.

Life cycle of the second generation.—The life cycle of the second

generation in 1915, as determined by rearing, was as follows : Aver-

age length of incubation period 6.12 days, average larval feeding

period 20.49 days, average cocooning period 8.56 days, average pupal

period 15.62 days, and average life cycle 50.81 days. In 1916 the

records show that the average length of the incubation period was

6.01 days, the average larval feeding period 18.08 days, the average

cocooning period 4.78 days, the average pupal period 13.52 days, and

the average life cycle 42.40 days.

THE THIRD GENERATION.

Emhryological changes and length of the incuhation period of

third-hrood eggs.—In 1916 the average number of days from the

date of deposition to the appearance of the red ring was 2.49, the

maximum 5, and the minimum 2 ; the average number of days from

the date of deposition to the appearance of the black spot was 6.36,

the maximum 9, and the minimum 6 ; the average incubation period

was 7,77 days, the maximum 11, and the minimum 7.

Length of feeding period of third-hrood larvce.—The average

larval feeding period of the third-brood larvae in 1916 was 37.55

days, the maximum 68, and the minimum 20.

PERCENTAGE OF TRANSFORMING LARV^.

Percentage of transforming larvce of the first hrood.—In 1915

47.52 per cent of the first-brood larvae transformed, while in the

following season 74.15 per cent pupated.

Percentage of transforming larvce of the second hrood.—In 1915

1.08 per cent of the second-brood larvae transformed. In 1916 6.71

per cent of these larvae transformed.
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Percentage of transforming larvm^ hand material.—In 1915 the

percentage of larvae collected in the field in connection with the

band studies that transformed to the adult stage was 45.37, and in

1916 40.88.

MISCELLANEOUS.

Natural enemies.—The following predators were recorded: A
small beetle, Tenebro'ides corticaJls Melsh., and a spider, Cori-

arachne ve7'sicoIor Keys.

The following parasites were observed: Trichogranima minutum
Riley, Dihrachys disiocaTnpae Fitch, and Arthrolytus apatelae

Ashmead. The predacious and parasitic enemies play a very unim-

portant role in checking the codling moth in the Grand Valley.

The emergence of moths from fruit cellars is later than that in

the field. The period of emergence in fruit cellars, however, is

shorter than that which obtains under field conditions.

The majority of the moths of the spring and first broods emerge

during the latter part of the morning and early part of the after-

noon.

The codling moth is believed to be a nonmigratory species except

for short local flights. The moths have, however, strength to fly in

a continuous flight, unaided by the wind, for a distance of at least

one-half mile.

The codling moth is most active in depositing her eggs late in the

afternoon to early in the evening, the activity being greatest just

about dusk.

The fecundity of the codling moth in the Grand Valley is high.

Three female moths of the first brood deposited in confinement over

300 eggs each, the highest total deposition by one moth being 316 eggs,

115 being the largest number deposited in one day by a single female.

The codling moth larva normally cuts its way through the eggshell

and emerges head first. Occasionally it will protrude the anal end
first, but in this case it is sometimes unable to extricate itself.

An examination of a pear orchard devoid of fruit revealed the

fact that codling moth larvae will sometimes burrow into the new
growth, resulting in the browning of the foliage.

The codling moth larva prefers to spin up under dark-colored

bands.

The buff-colored variety of the codling moth known as Laspeyresia

pomonella (L.) var. simpsonii (Busck) was reared in the Grand
Valley.

O
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INTRODUCTION.

For several years nicotine and its compounds have been used

against certain soft-bodied insects as contact insecticides, and within

the past few jenrs the question has been raised concerning the effects

of nicotine sulphate upon the eggs and early instars of other insects

which are commonly controlled by other means.

During 1915 and 1916, in the State of Washington, De Sellein (i)-

carried on field experiments with nicotine sulphate and arsenate of

lead and claimed that the former insecticide was as efficient as the

latter one for controlling the codling moth (Laspeyresia pomonella

L.). During the season of 1917 similar experiments in three or-

chards were performed by the same author and others {'2) on a larger

scale in the same State, and the results obtained showed that nicotine

1 Resigned March SI. 1920.
-Numbers (italic) in parentheses refer to "Literature cited," p. IS.

22600°—21—Bull. 93S 1
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sulphate did not control the codling moth as well as did lead arsenate,

and that its control was unsatisfactory on all of the plats sprayed,

except one. The Bureau of Entomology also conducted some field

experiments during the season of 1917 in three important apple

regions in the ITnited States, the first of these being in the Lake region

at Benton Harbor, Mich. ; the second one in the mountainous region

at Grand Junction, Colo. ; and the third one in the semiarid region

at Roswell, N. Mex. In the first region the experiments were carried

on by Mr. Simanton; in the second one by Mr. Plank; and in the

third one by Mr. Fiske. All of the laboratory experiments were per-

formed by Dr. Mclndoo.

Lovett (-5) reports that nicotine sulphate with soap is an effective

ovicide for the codling moth. Excepting this experiment, in which

only 26 codling-moth eggs were used, no other experiments, either in

orchards or in a laboratory, have ever been conducted to determine

how nicotine sulphate checks the work of the codling moth, although

Fej'-taud (5), testing the effects of pure nicotine and soap in the labo-

ratory upon the eggs of two moths belonging to the same family,

ascertained that about 75 per cent of the embryos in the eggs tested

were aborted during the last stage of development, while the remain-

ing eggs hatched.

The first portion of the present paper embodies the results obtained

in the laboratory concerning the effects of nicotine sulphate as an

ovicide and larvicide on the codling moth and three other insects.

The second portion of this study deals with the effectiveness of nico-

tine sulphate as compared with the efficiency of arsenate of lead for

controlling the codling moth in orchards.

EXPERIMENTS CONDUCTED IN THE LABORATORY.

In order to throw some light on how nicotine sulphate checks the

work of the codling moth the following tests were performed :

EFFECTS OF NICOTINE SULPHATE ' ON EGGS AND NEWLY HATCHED LARV^ OF
THE SILKWORM MOTH.

This investigation was begun in September, 1916, when it was too

late to obtain codling-moth eggs or fresh eggs of any other insect;

so the study was begun by using eggs of the silkworm moth {Bombyx
mori L.), 10,000 of which were 14 months old, 2,000 of which were

from 1 to 6 days old, and 10,000 of which were 3 months old.

EFFECTS OF NICOTINE SULPHATE O.N EGGS OK THE SILKWORM MOTH.

The eggs just enumerated were divided into several lots, and some

of these lots were sprayed with nicotine sulphate (1:800 -1- fish-oil

"Throughout this pai)er reference is made to "nicotine sulphate" containing 40 per

tent of nicotine.
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soap, 2 pounds to 100 gallons of water) ; some with nicotine sulphate

]:S00; some with nicotine sulphate 1:1,00)6; and others were not

sprayed, these being used as controls. During October, 1916, all of

the eggs 14 months old hatched, but the hatching of the sprayed ones

was more or less retarded. Relative to the eggs from 1 to 6 days old

when treated, the following data were obtained during the spring of

1917. Only 1 per cent of those sprayed with nicotine sulphate

1 : 800 hatched, while 80 per cent of the unsprayed ones hatched ; in

regard to the eggs 3 months old, 20 per cent of those sprayed with

nicotine sulphate 1 : 800-fsoap hatched, 25 per cent of those sprayed

Avith nicotine sulphate 1 : 800 hatched ; 35 per cent of those sprayed

with nicotine sulphate 1 : 1,066 hatched ; while 90 per cent of those

unsprayed hatched. The unsprayed eggs hatched quickly, and the

newly hatched larvse grew normally, while the sprayed eggs were

more or less retarded in hatching and the young larvae were so

stunted that after 20 days the larvae from the unsprayed eggs were

from 1 to 6 times as large as those from the sprayed eggs. A large

percentage of the unhatched eggs contained embryos aborted during

the last stage of development.

EFFECTS OF NICOTINE ON NEWLY HATCHED SIEKWORM.S.

Mclndoo (6", 'p. 97) has already shown that the exhalation (called

odor) from leaves an hour after having been sprayed with a solution

of nicotine sulphate kills small fall webworms {Hyphantria cunea
Dru.), small caterpillars of the catalpa sphinx {Ceratomia cataTpae

Bdv.), and certain aphids {Aphis popuUfoliae Davis).

On May 12 at 12.30 p. m. a bunch of leaves on a mulberry tree was
dipped into a solution of nicotine sulphate 1 : 400 and another bunch
into a solution 1 : 800. On May 14 at 9.30 a. m. a leaf was removed
from each bunch of the leaves treated, and 20 silkworms 1 day old

were placed on each leaf; at 12.30 p. m. all the worms were dead.

The leaves still emitted a faint odor like that from the solution.

On May 16 at 11.15 a. m. the preceding experiment was repeated;

on May 17 at 9 a. m. 8 worms on the leaf treated with the solution

1 : 400 and 1 on the other leaf were dead ; all of the remaining live

worms were more or less stupid, and two hours later, after having

been fed with a fresh leaf treated with the solution 1 : 400, died.

This leaf was cut into small pieces, and it still emitted a ver}^ faint

odor like that from the solution, but the leaves treated with the

solution 1 : 800 had ceased to emit this odor so far as the observer

could perceive. At no time during any of the preceding experiments

did the silkworms eat the treated leaves ; the exhalation arising from
them therefore must have killed the worms.
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EFFECTS OF NICOTINE SULPHATE ON EGGS AND NEWLY HATCHED LARV^ OF
THE CODLING MOTH.

In tests with the eggs and newly hatched larvae of the silkworm

moth it was determined that nicotine sulphate is efficient against

only the fresh eggs, but more or less retards the hatching of older

eggs. The exhalation from leaves which had been dipped into solu-

tions of nicotine sulphate from 1 to 5 days previously killed newly

hatched silkworms, and from the sixth to the eleventh day after

the foliage had been treated the newly hatched silkworms, after

having eaten some of these treated leaves, died, the mortality varying

from a high percentage on the sixth day to no mortality on the tenth

and eleventh days. The following pages give the results obtained

by using the eggs and newly hatched larvse of the codling moth

:

EFFECTS OF NICOTINE SULPHATE ON EGGS OF THE CODLING MOTH IN THE
LABORATORY.

Many codling-moth sticks containing wintering larvae, reared at the

bureau's field station in Grand Junction, Colo., were shipped to

Washington, D. C, where they were kept out of doors until March 1,

1917 ; after this date they were kept in a refrigerator, and at irregular

periods about 40 of them at a time were removed from the refrig-

erator and were placed in battery jars, which were covered with

cheesecloth. Each morning the moths that had emerged were re-

moved to other battery jars containing moist sand and either glass

plates or foliage of fruit trees. In these jars the moths copulated

and the females laid their eggs on the glass plates and foliage, which

after being removed were then sprayed. By this method eggs of a

known age were easily obtained.

Since these experiments were started in March, when fruit-tree

foliage was not to be had, glass plates were put in the battery jars,

and whenever a sufficient number of eggs had been deposited on these

plates, the latter were removed, sprayed, and then placed in other

battery jars also containing moist sand.

Since the details of the four experiments performed, using eggs on

glass plates, are similar, only Experiment No. 1 will be described

fully. On April 4 the first plate, bearing 57 eggs (1 and 2 days

old), was sprayed with a solution of nicotine sulphate 1:400; the

second plate, bearing 20 eggs, with a solution 1 : 800 ; and a third

plate, bearing 16 eggs, was used as a control. Each plate was put

in a separate battei*y jar. On April 7 most of the eggs were in the

red-ring stage; the sprayed plates bore spots or a thin film as a

residue left after the evaporation of the solution, and these spots

still emitted a nicotine-like odor. On April 11 many of the eggs

were in the black-spot stage and the plates still emitted the nicotine-

like odor; two small last year's apples were put in each jar. On
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April 12 the eggs on each plate began to hatch, and later when
examined 42.1 per cent of those" on the first plate had hatched; 60

per cent of those on the second plate and 92.7 per cent of those not

sprayed had hatched. On April 13 several dead larvse were found

on the sprayed plates and on the apples by these plates, but no dead

ones were found in the jar containing the control plate, and four bur-

rows were counted in the apple by this plate. On later dates it was

common to see dead larvae in each of the fii-st two jars. On April 23

the plate sprayed with the solution 1 : 400 still emitted a faint nico-

tine-like odor. The apples by this plate showed four burrows, from

AA'hich finally emerged two full-grown larvae; those by the other

sprayed plate only one burrow, from which emerged a larva; and

those by the control plate also four burrows, from which emerged

two large larvae. Four of the five larvae passed through the pupal

stage and emerged as adult moths, while the fifth one only reached

the pupal stage ; this one was from the first two apples mentioned.

The preceding tests indicate that nicotine sulphate is not an effi-

cient ovicide against the codling moth when the eggs are laid on glass

plates. Other experiments were performed by constantly keeping

fresh foliage of pear and apple trees in the battery jars. On the

third day after applying the spray solution a nicotine-like odor was
still emitted from the leaves, the strength of which depended upon
the strength of the solution used. This odor gradually disappeared,

and by the time the eggs began to hatch the observer could not per-

ceive it. Unsprayed leaves usually have bright and shiny surfaces,

but sprayed ones have dull surfaces, and with the aid of a hand
lens a dried film of residue from the solution may often be seen on

them. These experiments are summarized in Table I; experiments

1, 2, and 3 represent individual tests with eggs on pear-tree leaves,

while experiment 4 is a summary of several tests with eggs on apple-

tree leaves. Soap was used at the rate of 2 pounds per 100 gallons

of water.

Relative to experiment 4, the following notes, although not signifi-

cant, are nevertheless interesting. Four last year's apples, each be-

ing dipped into the same spray solution as that sprayed on the leaves,

were placed in four jars containing the sprayed leaves. Two apples

not sprayed were also placed in two jars containing unsprayed
leaves. Eliminating one of the four jars and its contents on account

of the apple in it becoming badly decayed before the eggs hatched,

245 eggs in the other three jars hatched and later 14 burrows were
counted in the three remaining apples. In the two jars used as

controls 52 eggs hatched, and later 14 burrows were also counted in

tiie two apples contained therein. Soon after this date all of these

apples totally decayed and consequently no matured larvae were ob-

tained from them.
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Three apples, after having been dipped into a solution of nicotine

sulphate 1 : 400-|-soap, were placed in three batter}^ jars containing

many unsprayed eggs. A later examination showed that 49 eggs

had been deposited on the apples, 47 of Avhich had hatched. These

decayed apples contained 39 burrows, and finally two moths were

found in each of two jars. A repetition of this experiment resulted

in obtaining no moths from three dipped apples and only two from

three control apples.

Table I.

—

Effects of nicotine sulphate on codHng-inoth eggs {1 and 2 days old)
laid on fruit-tree foliage in laboratory.

Kxperiment No.
Strength of nicotine-sulphate sohition

used,' and control.

Number
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100 per cent, hatched. As in experiment No. 1, many of the newly

liatched larvae entered the apples and started their development

therein.

EFFECTS OF NICOTINE SUI.l'HATK ON NKWI.Y IIATCHKI) L,\I{V,^=: OF THK COUT.ING

MOTH IN Tin; I.AHORATORY.

From the preceding results it is evident that nicotine sulphate is

not an efficient ovicide against the codling moth; and since the eggs

probably hatched after the cessation of an injurious exhalation from

the sprayed glass plate and leaves, the newly hatched larvae perhaps

died of starvation, rather than from the spraying. To test the effects

of the exhalation from leaves sprayed one or more days previously

upon the newly hatched larvae, the following experiments were

j)erformed

:

At 11.30 a. m. a pear-tree leaf w^as dipped into a solution of

nicotine sulphate 1 : 400, and another one into a solution 1 : 800. At

1.30 p. m., when the leaves were dry, 15 newly hatched codling-moth

larvae were placed upon each leaf. At 4.30 p. m. 13 larvae were dead
on the first leaf, but only 6 dead on the second leaf. The leaves still

emitted a nicotine-like odor. The following morning all the larvae

were dead and the leaves were wilted. At no time did any of them
try to burrow into the leaves as do larvae on leaves not treated with

these solutions, and they crawled away from these leaves more than

do larvae on untreated leaves.

On May 4 a twig bearing foliage on an apple tree was dipped into

a solution of nicotine sulphate 1 : 400, and another twig into a solu-

tion of 1: 800. On May 14 a leaf was removed from each tAvig and

then 28 newly hatched codling-moth larvae were placed upon each

leaf between two watch glasses. During the first day the larvae

burrowed considerably in the leaves and apparently were not affected.

During the second day three of them died, but the leaves began to

wilt. During the third day all of them died, and b}' this time the

leaves had ijecome dry. Between May 4 and 14 there had been much
rain and on the latter date the leaves did not emit a nicotine-like

odor. This experiment shows that the exhalation from the treated

leaves did not affect the larvae and that in all probability all of them

finally died of starvation.

On May 18 the two twigs mentioned in the foregoing paragraj^h

were again dipped into solutions of the same strengths, but this time

soap was added at the rate of 2 pounds per 100 gallons of water.

On May 19 six newly hatched larvae were placed on each of two

detached leaves as usual. The leaves still emitted a faint odor

resembling that from the solutions. No larvae died that day and

only 4 of the 12 were found dead the following day. The leaves were

slightly eaten.
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On May 20, at 1 p. m., or the second clay after the leaves had been

treated, 13 codling-moth larvse were placed on each of two detached

leaves; at 3 o'clock 6 silkworms (2 days old) were also placed on

each leaf; at 4.30 o'clock 10 of the 12 silkworms were dead, but not

one of the codling-moth larvae had succumbed. The following morn-

ing all of the silkworms were dead, but only 12 of the 26 codling-

moth larvae had succumbed. The leaves were slightly eaten.

On the third day after the leaves had been treated the preceding ex-

periments were repeated. On this date only a few of the silkworms

and none of the codling-moth larvae died. The following morning

all of the silkworms were dead, but the codling-moth larvae did not

die till later, when the leaves began to dry.

On the tenth day after the leaves had been treated the codling-

moth larvae tested apparently were not affected.

On various dates many small pears (22 mm. in diameter) with the

calyx cups yet open were picked and then sprayed with solutions of

nicotine sulphate. Some of these solutions contained soap in the

proportion of 2 pounds to 100 gallons of water. The stem of each

pear used was inserted into a small bottle containing water. From
one to seven days after the pears had been sprayed six active codling-

moth larvae were removed from the oviposition jars and then placed

on each pear ; unsprayed pears were used as controls.

A glance at Table II shows that about 75 per cent of the larvae

tested were killed when placed upon pears which had been sprayed

one or two clays previously. It is also seen that the mortality de-

creases to about 25 per cent on the sixth and seventh days.

Table II.

—

Effects on neicly hatched codlmg-moth larvw when placed upon
small pears previously sprayed with solutions of nicotine sulphate in labora-

tory.

Number
of days
after
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potato beetles {Le/ptinotarsa decemllneata L.) and tussock moths

[11emerocampa leucosPlgma S. & A..).

Fifteen potato-plant leaves, each bearing a cluster of potato-

beetle eggs (1 and 2 days old), were collected in a potato patch, and

after the petiole of each leaf had been inserted into a bottle of water

in the laboratory, 11 of the leaves were sprayed with solutions of

nicotine sulphate 1:400 and 1:800 and the other four leaves Avere

used as controls. The eggs thereafter were observed daily; prac-

tically all of them hatched, and the newly hatched larvae were ap-

parently not affected by remaining on the wilted leaves 1 or 2 days,

after which they thrived when fed fresh and unsprayed leaves. Rela-

tive to the time of hatching there seemed to be little, if any, differ-

ence between the sprayed and unspraj^ed eggs. Similar results were

obtjiined by spraying eight clusters of potato-beetle eggs in a potato

patch with a solution 1:400 containing soap (2 pounds to 100 gallons

water).

In order to obtain tussock-moth eggs of Imown ages, many large

caterpillars of this moth were collected and were put in wire-screen

cages, in which the remainder of the life history was completed. On
various dates eggs from these cages and some from trees in the field

were collected, placed in open pasteboard boxes, and then sprayed

with four solutions of nicotine sulphate. Two of the solutions con-

tained soap in the proportion of 2 pounds per 100 gallons of water.

Some of the control eggs were not sprayed, while the others were

sprayed with tap water ; no difference in hatching between these was

observed. The details of these experiments are summarized in

Table III:

Table III.—Effects of nicotine sulphate on eggs of tussock moth in lahor(ttonj.
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mass of eggs (both recorded as hatched) were closely observed, more

larvge had emerged from the former than from the latter. The ones

sprayed with nicotine sulphate were slightly retarded in hatching,

and the eggs in most of the masses which did not hatch contained

al)orted embryos, while the remainder of them were totally unde-

veloped.

DISCUSSION AS TO HOW NICOTINE SULPHATE ACTS AS AN OVICIDE AND
LARVICIDE.

It is difficult to determine accurately how any insecticide kills a

larva or an adult insect, and in the light of our present knowledge

along this line it would perhaps be impossible to ascertain definitely

how an ovicide affects insect eggs. For this reason no attempt was

made in the present investigation to determine how nicotine sulphate

killed the eggs tested. Nevertheless a little theory on this subject

may not be out of place here.

Before attempting to explain how nicotine sulphate acts as an

ovicide, it is first necessary to know something about the coverings of

an insect egg. It is weU known, as compiled by Packard {8, p. 520) ,

that a ripe insect Qg,g has two coverings. The external one, the egg-

shell or chorion, is usually thick and hard; it is pierced by one or

more minute canals, the micropyles, and consists of two chitinous-

like laminae kept in close apposition by means of numerous minute

pillars. The internal covering, the vitelline membrane, is always

thin and delicate. The developing embryo inside the egg is supposed

to breathe directly through these coverings as does a chick embryo

through the shell of a hen's egg.

According to the results already presented, it was ascertained that

freshl}' laid eggs, sprayed with solutions of nicotine sulphate, were

affected more than were older eggs likewise treated. The chorions

of these eggs were not as hard as those of the older eggs. This fact

alone may explain the difference in the mortality recorded. Since it

is scarcely possible that the spray solutions passed through the egg-

shells, there remain two possible methods of explaining the death of

the eggs sprayed: (1) Upon evaporation of the spray solutions there

was usually left a thin film on the leaves sprayed, and perhaps also

on the eggs. This film on the eggs might have decreased the aeration

through the eggshells and thus caused death by suffocation. (2)

Since practically all of the aborted embryos appeared to have died

during the last stage of development, the preceding view does not

seem to have much weight. As the sprayed surfaces continued to emit

a nicotine-like odor for some time after the spray solutions had been

applied, it seems reasonable to suppose that the embryos were killed

by breathing the exhalation from the sprayed surfaces through the

eggshells. Nicotine is a nerve poison, and the more highly developed
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the nervous system the more effective the poison. This fact probably

exphiins why practically all of the embryos that died succumbed

during the last stage of development.

Feytaud (J) described five stages in the embryology of (Eudemis)

Polychrosis hotrana Schiff. and of {Philoma) Conchylis amhiguella

Hbn., and he treated many eggs of these moths with various strengths

of pure nicotine and soap. The resulting mortality varied consider-

ably, but even the strongest solution (1 : 666) used did not prove eflS-

cient. He tested the eggs in the various stages of development, but

in almost every case in which the embryos died they succumbed dur-

ing the last stage.

Lovett (4) sprayed apple-tree foliage with solutions of nicotine

sulphate, and after several hours, when the leaves were perfectly dry,

he placed many small tent caterpillars {Malacosoma plurialis

Stretch) on these leaves. He states that these caterpillars showed a

decided aversion for the sprayed leaves ; all of them soon became sick

and a large percentage of them died. On the third day after the

foliage had been sprayed more caterpillars were placed on the same

leaves and similar results were obtained. The leaves were not eaten.

Lovett performed other experiments in which the caterpillars slightly

ate the leaves which had been sprayed several hours previously. In

this case the action of the nicotine was quick and decisive. These

results agree with those given in the preceding pages.

Theoretically nicotine sulphate is nonvolatile, although we know

from experience that the commercial 40 per cent nicotine sulphate

(the kind used in all the preceding experiments) is more or less

volatile. Moore and Graham (7) state that pure nicotine sulphate is

nonvolatile, and demonstrated that its vapor or exhalation (if either

one is given off) did not kill the insects tested. They also state

that commercial 40 per cent nicotine sulphate contains from 1 to 2

per cent of free nicotine, whose vapor did kill the insects tested.

Moore and Graham claim that when spray solutions are prepared

by using commercial nicotine svdphate, hard water, and soap, the

nicotine sulphate is decomposed, setting free the nicotine ; the amount

of decomposition depends upon the amount of alkalies contained in

the solutions. This view easily explains the presence of a thin film

(already mentioned several times) left upon evaporation of the

spray solution, which is certainly the nonvolatile portion of the

nicotine sulphate contained in the solution. For some time after

the application of the solution the film continues to emit an odor

and its exhalation is more or less toxic to young larvae, showing

that it is not pure nicotine sulphate according to Moore and Graham.

Moore and Graham (7) state that 12 days after lettuce in a green-

house had been sprayed with a solution of commercial 40 per cent

nicotine sulphate, it still bore nicotine.
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To determine how long nicotine sulphate may remain on fruit-tree

foliage after the application of the spray solution, the following ex-

periments were performed by Mclndoo. On September 10 a small

pear tree was sprayed with a solution of commercial 40 per cent

nicotine sulphate 1 : 800, containing fish-oil soap (2 pounds to 100

gallons Avater). On various days thereafter about a quart of the

sprayed leaves were collected on each recorded date; the leaA-es, after

being ground in a meat grinder, were then mixed thoroughly with

water containing sodium carbonate. Upon distilling this mixture a

distillate containing nicotine was obtained on each day tested up to

the thirty-fifth day after the leaves had been sprayed. On the forty-

second day after applying the spray solution only an indication of a

precipitate was observed, but concluding from the precipitates ob-

tained prior to this date the amounts of nicotine present in the

distillates seemed to decrease irregularly from the first to the forty-

second day: soon after which the remaining leaves fell from the trees.

During these tests there was comparatively little rainfall ; neverthe-

less the results of the tests indicate that considerable rainfall is

required to remove all of the nicotine sulphate adhering to the sprayed

leaves. The details of these tests are presented in Table IV

:

Table IV.

—

Tests on various dates using pear-tree leaves which had heen

sprayed on Sept. 10 with a solution of commercial 40 per cent nicotine sul-

phate (1:800) containing soap to show the presence of nicotine.

Sept. 11

Sept. 12
Sept. 12

Sept. 13

Sept. 14

Sept. 15

Sept. 16
Sept. 18
Sept. 24
Sept. 27
Sept. 28
Oct. 1

Oct. 4

Oct. 5

Oct. 8
Oct. 9
Oct. 11

Oct. 12
Oct. 15
Oct. 19
Oct. 20
Oct. 22

Number
of days
after

had been
sprayed.

Kind of precipitate
obtained using—

Phosplio-
molybdic

acid.

Heavy . .

.

..do
None
Heavy . .

.

..do

Fair.
..do.

Fair.

Fair.

Very faint

Indication

Silico-

tungstic
acid.

Heavy.
..do....
None...
Heavy

.

..do.—

Faint
Very faint.

Very faint

None.

None.

None.

Total amount of rainfall dnrtng tests.

Amount
of

rainfall.

Inches.
0.00
.00
.00
.00
.14
.01

.08

.00
T.
.07
.16
.00
.01
.20
.07
.35
.01
.36
T.

Spraved leaves emit nicotinelike odor.
Do.

Unsprayed leaves on another tree were used.
Sprayed leaves do not emit nicotinelike odor.
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At the suggestion of Mr. V. I. Safro, Mclndoo washed separately

50 sprayed pear-tree leaves in 50 cc. of water. The resulting filtrate

was acidified with hydrochloric acid and then tested for the presence

of nicotine by adding phosphomolybdic acid and silicotungstic acid.

Each test apparently showed the presence of nicotine. Fifty un-

sprayed leaves were likewise tested as a control; no precipitate was

observed. One hundred unsprayed leaves were also tested, using the

same amount of water ; this time a precipitate was observed, and the

same result was obtained thereafter on several occasions. Only green

and unbroken leaves were used in these tests. At all times there is

more or less foreign organic matter in the form of dust on the leaves

;

this is readily seen in microscopical sections through unsprayed

leaves, and alkaloidal reagents precipitate it, as well as the nicotine

Avhich may be present. Consequently the preceding method should

not be regarded as reliable; nevertheless, Mr, Safro (9) has pub-

lished his method and says:

(jleiierally we are able to obtain a detiuite indication of the presence of nico-

tine in as little as 25 cc. of water by using five leaves that had been sprayed

at the usual strength (about 0.05 of 1 per cent nicotine).

On the fourth day after the pear tree used in the experiments had
been sprayed, about a quart of the sprayed leaves were collected and

washed in water containing sodium carbonate, each leaf being washed

separately. Next the leaves were washed in running water for 5

minutes, and were finally ground and tested as described above. By
adding phosphomolybdic acid to the residting distillate, a faint pre-

cipitate was obtained, but none by adding silicotungstic acid. On
the eighth day after the leaves had been sprayed, the test was re-

peated, but this time the leaves were washed for 10 minutes in running

water. Xo precipitate was observed in this test even by adding

phosphomolybdic acid. In each of the two foregoing tests the water

containing the sodium carbonate and foreign matter removed from

the leaves was distilled. Adding either acid to the resulting distillate

invariably produced a precipitate, but in none of the tests with

sprayed leaves did the distillate ever emit a nicotine odor. The
second experiment described above indicates either that the spray

solution did not pass into the leaves or that the amount of nicotine

still held by them was too small to be detected by the method em-

ployed. The following results will substantiate the former view

:

A small quantity of nicotine-sulphate solution (1:800) containing

fish-oil soap (2 pounds to 100 gallons of water) was colored with car-

mine acid (Griibler's Carminsaur) and an equal quantity Avith

indigo carmine (sodium sulphindigotate). Several leaves on a pear

tree were sprayed with each of the colored solutions, and two entire

detached leaves were submerg'ed in each solution for 15 minutes ; the
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petioles of the leaves were left projecting above the surfaces of the

solution. An hour later the four treated leaves were put into absolute

alcohol and a day later a few of the stained leaves on the tree were

likewise treated. The absolute alcohol did not dissolve or scatter

either one of the stains, and the only other reagents used were xylol

and Canada balsam ; these also did not scatter the stains. A study of

the sections made shows much stain on the outside of the spra3-ed

and submerged leaves. While none was observed inside the sprayed

leaves, it was usually present inside the submerged ones and the most

of it seems to have passed through the ventral surfaces of the leaves.

Its passage may have been aided by the stomata which occur exclu-

sively on the ventral surface of these leaves ; botanists, however, say

that the stomata are so small (0.0006 mm. and less) that neither dust

nor water can pass through them into the plant. According to the

above results the spray solutions did not pass into the leaves sprayed,

nor did the dust in the film of adhering nicotine sulphate enter the

stomat^a.

SUMMARY OF EXPERIMENTS CONDUCTED IN LABORATORY.

Nicotine sulphate as an ovicide, with one exception, was found

inefficient against all of the eggs tested—namely, those of the silk-

worm moth, codling moth, tussock moth, and potato beetle. The

eggs sprayed with it were variously affected, depending on the

strength of the spray solution used, on the age of the eggs tested,

and whether or not the solution contained soap. Upon the eggs of

three of the species of insects used there was practically no differ-

ence in effects between solutions containing soap and those without

soap, although those with soap were much more effective upon the

eggs of the tussock moth. Comparing the effects of the spray solu-

tion 1:800, the strongest one of the economic solutions used, the

percentages of eggs sprayed with it that failed to hatch are as fol-

lows: Ninety-nine per cent of the freshly laid eggs of the silkworm

moth, but only about 75 per cent of the older eggs of the same

insect; about 20 per cent of the codling-moth eggs on apple-tree

foliage; 75 per cent of the tussock-moth eggs (1 to 3 days old)
;
and

about 12 per cent of those of the same insect which had been col-

lected in the field ; and practically none of the potato-beetle eggs.

The effects of the exhalation from leaves sprayed with solutions

of nicotine sulphate varied considerably, depending on the larvae

tested and the strength of the solutions used. Again comparing the

effects of the solution 1 : 800, all of the newly hatched silkworms and

codling-moth larvae placed upon leaves sprayed two hours previously

died, but the silkworms succumbed the more quickly ; all of the silk-

worms but only a small percentage of the codling-moth larvae placed

upon leaves sprayed 24 hours previously died.
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Seventy-seven per cent of the newly hatched codlinfj-moth larva?

placed upon pears sprayed 24 hours previously with a solution of

nicotine sulphate 1 : 800 died, but only 33 per cent of those placed

upon pears sprayed a week previously died.

Relative to the control of the codling moth, the following briefly

summarizes the more important points herein recorded : About 20

per cent of the freshly laid eggs sprayed with a solution of nicotine

sulphate 1 : 800 failed to hatch, and one-third of the remaining em-

bryos that emerged died before they entered pears sprayed a week

pre^^ously. Hence about one-half of the eggs and larvae had been

destroyed up to the time when the remaining larvae entered the

sprayed pears; a large percentage of the latter larv'se died, as about

60 per cent of the pears did not become wormy. According to these

laboratory results nicotine sulphate does not seem to be efficient

against the codling motli, although only one application of it was

made; nevertheless its effectiveness would certainly be increased

in proportion to the numl^er of its applications and to the amount

of rainfall.

EXPERIMENTS CONDUCTED IN ORCHARDS.

According to the preceding laboratory results nicotine sulphate

would not seem to be efficient against the codling moth. To deter-

mine this from the practical viewpoint the following experiments

Avere conducted

:

EXPERIMENTS PERFORMED AT BENTON HARBOR, MICH.

The experimental work conducted at Benton Harbor consisted in

testing the relative efficiency of nicotine sulphate when combined

with soap and when combined with soap and arsenate of lead in

contrast with the efficiency of arsenate of lead when combined with

lime-sulphur at summer strength. The experiments were made in a

sod orchard about 50 years old, and each of the four plats selected

consisted of 16 trees.

All of the applications throughout the season were made with the

same power sprayer and at a pressure well above 100 pounds. The

spray was delivered through the A'ermorel tj'pe of nozzle. Although

the experiments were started with the calyx application, all of the

plats, including the check (No. 4), were given the cluster bud

application.

The set of fruit w^as scattered and rather light, being lightest in

plat Xo. 3, but it was sufficient to give reliable experimental results.

In order that trees with as uniform a crop as possible might be

secured throughout the different plats, five count trees in each plat

w^ere not selected until after the fruit had set. The fallen fruit was
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collected once a week and examined for codlinc:-moth injury, and

at picking time the picked fruit was also examined. The results of

these examinations are given in Table V.

Table V.

—

Codling vioth injury as shown by examination of both fallen and
picked fruit from experimental jilats at Benton Harbor, Mich., 1917.
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Table VI.

—

Codlimj-moth injury as shown by examination of both fallen and
picked fruit from experimental plats at Grand Junction, Colo., 1911.
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Table VII.

—

Codling-moth injury as shown by examination of both fallen and
picked fruit from experimental plats at Boswell, N. Mex., 1917.
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Owing to the great abundance and destructiveness of the codling

moth (Laspeyresia j^omonella L.) in the Grand Valley of Colorado,

the Bureau of Entomology of the United States Department of Agri-

culture, in cooperation with the Colorado Agricultural Experiment
Station, undertook in 1915 a study of its life history and control.

The biological study was concluded the following year, but the control

investigations continued during 1916, 1917, and 1918.

In this report are given the more important results of the spraying

experiments and some suggestions for the control of the codling moth
in the Grand Valley.

1 In 1915 and 1916 the senior author was in immediate charge, assisted by E. R. Van Leeuwen, of the

Bureau of Entomology, diu-Lng the former season and by H. K. Plank, also of the bureau, during the

latter. In 1917 Mr. Plank had charge of the project, assisted by Leo. C. Antles, of the Colorado Agricul-

tural Experiment Station, and during the following year Mr. Antles carried out the experiments under

the general direction of Mr. Plank and the Colorado Experiment Station.

Dr. A. L. Quaintance, in charge of fruit insect investigations, Bureau of Entomology, and Dr. C. P.

Gillette, George M. List, and Claude Wakeland, of the Colorado Agricultural Experiment Station, made
many helpful suggestions throughout the course of the work. The writers also wish to express their

appreciation for the cooperation of the Grand Valley fruit growers.

2 Resigned June 30, 1920.
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THE GRAND VALLEY OF COLORADO.

The Grand Valley is one of the most important fruit-growing

regions of Colorado, having approximately 15,000 acres devoted to

such fruits as apples, pears, peaches, plums, cherries, and bush fruits.

About 10,000 of these acres are planted to apples and 2,500 to pears,

both of which (and particularly the apple) are heavily attacked by
the codling moth.

LOCATION AND TOPOGRAPHY.

The Grand Valley is in the western part of Mesa County and ex-

tends from Palisades to Fruita, about 32 miles. The valley follows

the course of the Grand River and is generally level, except for the

sections known as the Fruit Ridges, which are somewhat elevated

and rolling. The district of Orchard Mesa, although higher than the

rest of the valley, is typical level, or mesa, land. The lower part of

the valley is approximately 4,500 feet above sea level and the upper
district at Palisades is about 4,800 feet in elevation.

The climate is comparatively dry, and the crops are irrigated

principally by means of water taken from the Grand River. The
annual precipitation is but 8 to 9 inches, and during the five months
from May to September, in which season the apple and codling moth
are developing, the rainfall amounts to only from 3 to 4 inches. The
mean normal temperature during the same period is about 70.6° F.

COMPARISON OF THE CLIMATIC CONDITIONS OF GRAND JUNCTION, COLO., AND
ROCHESTER, N. Y.3

Since the development and severity of the codling moth are largely

influenced by climatic factors, it may be of interest to compare the

weather conditions of the Grand Valley with those of the western

New York apple belt. Under the semiarid conditions that exist in

the Grand Valley, the codling moth causes great injury to the fruit

crop and is very difficult to control, whereas under the relatively

cooler and more humid conditions of western New York the codling

moth is much less troublesome.

In Table 1 will be found data giving a comparison of the mean
normal temperature and precipitation of Grand Junction, Colo., and
Rochester, N. Y.* It will be noted therein that the total normal
precipitation in the Grand Valley during the growing season, or from
May to September, inclusive, is only about one-fourth as much as in

western New York and that the mean temperature is about 6° F.

higher than that of Rochester, N. Y.

3 Grand Junction, Colo., is the approximate center of the Grand Valley, and Rochester, N. Y., is in the
midst of the western New York apple belt.

^ Climatological data, U. S. Weather Bureau.
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Table ].

—

Comparison of mean normal temperature and precipitation, Grand Junction,

Colo., and Rochester, N. Y.
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vations. These studies revealed the fact that there are two full

broods of larvse and a partial third during the growing season in the

Grand Valley and that these overlap to a certain extent, some larvae

hatching practically every day. In general, the hatching of each

brood of larvae begins first in small numbers, then in increasing

numbers until the maximum is attained, after which there is a gradual

decrease until the last larva of the brood has hatched.^ A tentative

spraying schedule, based on certain intervals between applications,

was adopted and closely adhered to throughout the work, except

when it seemed advisable or became necessary to deviate therefrom.

SPRAYING EXPERIMENTS IN 1915.

The growing season of 1915 was extremely abnormal in so far as it

related to the crop of apples and abundance of the codling moth.

The fruit crop of the valley was practically destroyed just as the petals

had dropped by the freezes of May 2, 3, and 4. Temperatures as

low as 22° F. were recorded in some sections, killing apples and pears

except at Palisades where peaches constitute the chief crop and in a

few smudged orchards located elsewhere.

The apple orchard of Mr. Gus J. Johnson, of Highland Park, was

among those that were partly saved by the timely use of oil heaters,

and was available for experimental purposes. (PI. I, fig. 1.) This

orchard consisted of the Ben Davis, Jonathan, Black Twig, Winesap,

and Rome Beauty varieties and was divided into 10 plats, including

the unsprayed or check plat.

In Tables 2 and 3 will be found data of the experiments. Two
spray poles were used, one of which was operated from the top of the

spray tank and the other from the ground. Bordeaux nozzles were

used for the calyx treatment except in PlatVI, and'nozzles of the eddy-

chamber or wliirlpool-disk type were employed for all cover sprays in

all of the sprayed plats except in plat VI ; in this plat Vermorel nozzles

were used in all apphcations. Plats I, II, and IX, located in different

sections of the orchard, received identical treatment, a total of four

cover sprays, two for the first brood and two for the second and third

broods. Plats III and IV were given five cover sprays each, the

former receiving three for the first brood and two for the later broods

and the latter two for the first and three for the subsequent broods.

Plat V was given a total of three cover sprays, two for the first

brood and one for the broods that followed. Plat VI was sprayed

throughout the season with a very fine mist spray delivered by

Vermorel nozzles under a pressure of 90 pounds. Two cover sprays

were applied for the first-brood larv£e followed by two more cover

sprays for the second and third broods, making four cover treatments

in all. Plats VII and VIII were given the same number of applica-

8 For further details see U. S. Dept. Agr. Bui. 932, The Life History of the Codling Moth in the Grand

Valley of Colorado, by the present authors.
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tions as plats I, II, VI, and IX, but in plat VII homemade arsenate

of lime paste " was substituted for arsenate of lead paste, and in

plat VIII commercial arsenate of lime powder was used. Plat X
was unsprayed for comparison with the treated plats.

Table 2.

—

Spraying schedule for the codling moth, Johnson orchard, Grand Valley of
Colorado, 1915.
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in the. treated jiluts over 90 pvs cent of th(! worms actualJy infestinj^

the fruit fjained entrance through the side of the apple and less than

7 per cent entered by way of the calyx. Tn untreated plat X 72.31

per cent of the larva) entered throuji^h the side of the fruit and 20.45

per c(Mit throuf^h the calyx end. It will thus be seen from th(!se data

that one of the chief dif[i(;ulties in controlling the codling moth in the

Grand Valley (»f (-olorado is to prevent the larva; from entering the

apple throiigli th(; side.

Tn the plats where arsenate of lead was (smployed the average

number of larvjo for worm-infested fruit varied from 1.39 to 1.67,

whereas in the arsenate of lime plats this average was increased to

l.KO and 2, and in the unsprayed plat tliere wns a further increase to

2.08 larva; for each wormy apple. The higher tlie percentage of

apples free from worms the lower the average number of worms per

apple. Thus in plat III, where the best control was obtained and

where 72.22 per cent of apples were free from worms, there was an

average of only 0.39 larva per apple, and in plat X, which was un-

sprayed and yielded but 13.51 per cent of worm-free fruit, there were

1.80 larva) per apple.

In scoring results, account was taken of the so-called codling

moth "sting" (PI. II). The sting is a shallow excavation extending

through the skin of the apple into the flesh to a depth of about one-

sixteenth to three thirty-seconds of an inch. It is caused by newly

hatched larvfe that only succeed in eating their way through the

skin before succumbing to the poison, or, for other reasons, do not

penetrate deeper into the fruit. In the sprayed plats the average

number of stings per apple varied from 0.82 to 1.91, whereas in the

unsprayed plat the average was only 0.12.

It is the })elief of the writers that, with a uniform infestation and

crop and with other factors equal, the number of stings is directly

proportional to the number of worm-free apples. In other words,

if the spray treatment is effective, the only indication of worm attack

will be foimd in the sting %narks, and these will increase, within

certain limits as the number of worm-free apples increases. In the

case of unsprayed fruit, tlie worms are not subjected to a poison,

and hence what might result in only a sting in a sprayed apple

becomes a worm hole in the untreated fruit. It should not be

inferred, however, that unsprayed fruit is totally devoid of stings,

for sting marks sometimes occur on untreated fruit and may be

accounted for by larvje which start an entrance hole and then change

to another place, or by larva) that, before p(;netrating very far into

the fruit, are blown off by wind, brushed off by foliage, or washed off

by heavy rains.
SPRAYING EXPERIMENTS IN 1916.

In 1916 the Gus J. Johnson orchard, at Highland Park, and the

J. I). Nettleton orchard, at Fruitvale, were used for experimental

purposes.



8 BULLETIN 959, U. S. DEPARTMENT OF AGRICULTURE.

In the Johnson orchard the principal part of the experimental

work was a test of the efficiency of coarse sprays applied with a short

rod and Bordeaux nozzle in comparison with mist sprays applied by
means of spray poles equipped with whirlpool-disk nozzles.

The short rod referred to consisted of a piece of iron pipe about

1 foot in length, to one end of which was attached a Bordeaux nozzle

and to the other a cut-off to which the hose was connected. Under
a pressure of 225 to 250 pounds and with the nozzle sufficiently open,

the spray was practically a solid stream as it left the nozzle, but

broke up more or less as it reached the tree. This type of spraying

apparatus had been used by many Grand Valley growers for several

seasons in preference to the spray poles, formerly employed, because

it rendered spraying less burdensome and increased the speed of the

work. The spray gun, which was subsequently developed, is an

improvement over the short rod, in that the character of the spray

can be readily graduated from fine to coarse.

The spray history of the experiments in the Johnson orchard will

be found in Tables 5 and 6.

Table 5.—Spraying scliedule for the codling moth, Johnson orchard. Grand Valley oj
Colorado, 1916.
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Fig I.-Codling Moth "Sting" on Side of Apple.
Natural Size.

Fig. 2.—Vertical Section Through a Codling Moth "Sting."
Enlarged.

CONTROL OF THE CODLING MOTH IN THE GRAND
VALLEY OF COLORADO.
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By reference to Table 7 it will be noted that in each instance the

coarse sprays, as applied with the short rod and Bordeaux nozzle,

gave control inferior to that on the plats treated with the poles and

whirlpool-disk nozzles. Thus, plat I, fine spray, yielded 89.48 per

cent of fruit free from worms in comparison with 79.54 per cent in

plat II, which was treated with the coarse spray. In plat III,

sprayed with the disk nozzles, there was 85.05 per cent of uninfestcd

fruit, whereas in plat IV, treated by means of the Bordeaux nozzle,

there was but 71.06 per cent of fruit free from worms. Again, in

plat V, which was treated with the fine spray, there was 89.70 per

cent of worm-free fruit in comparison with 81.43 per cent in plat VI,

which was sprayed with the Bordeaux nozzle. The untreated plat,

plat VII, produced 30.98 per cent of fruit free from worms.

It is the belief of the writers that the coarse sprays do not adhere

so readily to the fruit, especially to the waxy skin of apples of the

Ben Davis type, as do the fine mist sprays. It is believed further

that the distribution of the .poison is more thorough with the spray

poles and disk nozzles than with the short rod and Bordeaux nozzle.

The results of this experiment considered as a whole seem to show

that three cover sprays were more efficient than five. But this an-

omaly may perhaps be accounted for by the fact that there was no

fruit in plats V and VI the preceding year, it having been destroyed

by the spring freezes; hence, there being no overwintering larvse on

these trees, the infestation came solely from moths that migrated

from other trees.

A further study of Table 7 will show, as in the experiments of

1915 (Table 4), that the average number of worms per apple was

lowest where the best control was obtained, with a range in this

respect among the sprayed plats of from 0.14 to 0.40. In the

unsprayed plat there was an average of 1.43 worms per apple. The

spray material readily checked the worms from gaining entrance

through the calyx, over 90 per cent of the larvae having entered the

fruit through the side. In the sprayed plats from 2 to 9.99 per cent

of the wormy fruit was infested at the calyx while in the unsprayed

plat 28.43 per cent of the wormy fruit was caused by larvae that en-

tered by way of the calyx.

The average number of stings in the sprayed plats for all apples

varied from 0.34 to 0.82 and in the unsprayed plat the average

number was 0.23.

47056°—21—Bull. 959 2
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A series of experiments was conducted in the Nettleton orchard,

but the results were largely vitiated by frosts during May shortly

after the setting of the fruit. As a consequence of the low tempera-

tures, small frost pits or cracks in the epidermis developed in much
of the fruit, particularly around the calyx end of the apple. It was
practically impossible to force the spray material into these pits

which thus served as an ideal place of entrance for the worms.

Since the frosted fruit was unevenly distributed in the several plats,

there was no fair basis on which to draw a comparison of the value

of the different treatments.

SPRAYING EXPERIMENTS IN 1917.

The major part of the experimental spray work during the season

of 1917 was done in the orchard of the George Smith estate, at

Orchard Mesa. This orchard consisted of approximately 20 acres of

Ben Davis apple trees about 20 years of age and of fairly uniform

size and vigor. The orchard was divided into 17 blocks, or plats,

all of which were treated, except the two check plats XVI and
XVII, located in diagonally opposite corners of the orchard. The
treatment of the several plats and the schedule of applications are

presented in Tables 8 and 9.

A power sprayer delivering about 225 pounds pressure was em-
ployed in all of the liquid-sprayed plats, and a power dusting ma-
chine was used in the three dust-treated plats. With the exception

of plats XIV and XV, which were sprayed by the owner, all of the

plats were cared for by the experimental force. In the first or

calyx treatment the sprayed plats were sprayed by means of two
spray poles, equipped with Bordeaux nozzles, one of which was
operated from the spray tower and the other from the ground. In

applying the cover sprays, the Bordeaux nozzles were replaced by
the whirlpool-disk type nozzles, except in plats XIV and XV,
which were treated by the owner. In plat XIV the use of the Bor-

deaux nozzles was continued, for the cover applications, throughout

the season; in plat XV a spray gun, operated from the ground, was
employed for aU cover sprays.
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Table 8.

—

Spraying schedule for codling moth, Smith orchard, Grand Valley of Colorado,

1917.
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All the plats, except the unsprayed checks and plat X, were given

the caljrx treatment. The total number of applications varied from

five to seven, with six in the majority. Plats I, II, III, and IV
were given the same number of applications, tliree cover sprays for

the first brood and two for the second and third broods. Plats V
and VIII had but four cover sprays of lead arsenate, two for the first

brood and two for the later broods, and in addition plat V was pro-

vided with the codling-moth trap applied to each tree. Plats VI
and VII were sprayed throughout the season at the same time as

plats I to IV, but, as described later, received different treatment.

Plat IX received the largest number of applications, three cover

sprays for the first brood and the same number for the second and
third broods, making a total of six cover treatments. Plat X was
given five cover sprays, but, as previously mentioned, the calyx

treatment was omitted. Plats XI, XII, and XIII were given treat-

ment at the same time as the other plats having five cover applica-

tions, but the dusting method was substituted for the liquid.

Arsenate of lead, powder, at the rate of 1 pound to 50 gallons of

water was used in all of the sprayed plats, except plat VII, in which
arsenate of lime, powder, three-fourths pound to 50 gallons, was
employed, and plat III, where 40 per cent nicotine sulphate, diluted

1 part in 800 parts of water, was used. Forty per cent nicotine

sulphate at this strength was also used with arsenate of lead in plat

IV, and in plat VI fish-oil soap, 2 pounds to 50 gallons, was used as a

spreader and sticker. Codling-moth traps, described on pages 35-38,

were used in plats I and V. Plats XI, XII, and XIII were dusted
with arsenate of lead mixed with hydrated lime as a filler in the pro-

portions shown in Table 9. In plat XI a dust mixture containing

20 per cent of arsenate of lead and 80 per cent of hydrated lime was
used; in plat XII, the arsenate of lead was decreased to 15 per cent

and the hydrated lime increased to 85 per cent. Plat XIII was
treated with 10 per cent of arsenate of lead and 90 per cent of hydrated
lime. Plats XIV and XV were sprayed by the owner with arsenate

of lead and, as previously stated, plats XVI and XVII were untreated

throughout the season.

The summary of results of these experiments is presented in

Table 10.



14 BULLETIN 959, U. S. DEPARTMENT OF AGRICULTURE.

^f 2'^^ P.S

^ ^s ? fi a

i; Si: £-5

c^ r* CO cs th Tj< c
t^ O T-4 lO »0 CD CI §SS5SSg5S32

3a°S)

^2
^1

<i2

P 3 £ o 2 .5

1

"ea i o S ,

"2

a ° 2 I

'

t»53C3 0rfoooooc»(M<Noir-Mi^-.

i-rhScioOTj^ot^SoiOOsr^t^cO^iO

c^^^^t^^>cot>-^ooolCOC5ClOOl^-(MO

OaOit^a5OiXO5aiC5i:0t^l><:OOsa:>tOtO

MCCCT505i0(MCi0r-<rHC^»0iOt^-^CDOlO
XiCiCCQC'MC^CDOOO-^CDOOCOCOOiO

iSS^KSSSS
5Oit*a>OiOsOiO5O5CDCC00t-OSC

c50500CDOOcCOiCCQOt^COWCOOOC^C^
cic^QOTjHc4t^CDCCTfOlT}I'rtJcN;DlOOaC

S?55;g3S2SS2§^5!5J§SSJ

;sr:;s;?sgf??55Sg;?ss5?g



CONTROL OF CODLING MOTH IN tlOLOUADO. 15

Plat VI, which was sprayed six times with arsenate of lead and

fish-oil soap, yielded 78.06 per cent of apples free from worms, which

was the highest percentage of uninfested fruit in the orchard. Also

the average number of worms for all apples was as low in this plat

as in any other. , The percentage of all apples free from worms and

stings in plat VI was 46.22, which was not as high as that obtaining in

plats IX (46.44 per cent), V (47.84 per cent), and IV (49.82 per cent).

Plat IX produced the next best results, 76.53 per cent of all the fruit

being free from worms as a result of seven applications of arsenate of

lead; plat V, with five treatments supplemented with the codling-moth

trap, yielded 72.29 per cent of uninfested fruit; plat IV, 72.05 per

cent, with six applications of arsenate of lead and nicotine sulphate.

Two other plats, I and VIII, produced 70.99 and 73.49 per cent of

worm-free fruit, respectively; the former being sprayed six times with

arsenate of lead, supplemented with the codling-moth trap, and the

latter having only five applications of arsenate of lead. Plat II,

which received six applications of arsenate of lead, yielded but 62.10

per cent of worm-free fruit and but 27.04 per cent of fruit free from

worms and stings. Apparently the infestation in this plat was some-

what heavier than that which prevailed in some of the other plats.

Plat III was treated six times with nicotine sulphate, which resulted

,

in but 37.97 per cent of fruit free from worms. The percentage of this

fruit free from stings was relatively high (88.62 per cent), a condition

which would naturally be expected, owing to the fact that the majority

of the larvae that attacked the fruit were able to enter it without being

killed by the spray. Attention is called to the fact that in this plat

(plat III) 18.07 per cent of all the worms infesting the apples entered

by way of the calyx end and that 22.39 per cent of the wormy apples

were infested at the calyx. In plat VII arsenate of lime was used with

unsatisfactory results, there being 36.51 per cent of worm-free apples

and only 20.33 per cent of the fruit free from worms and stings.

Plat X was sprayed at the same time as the plats that had six treat-

ments, except that the calyx application was omitted, thus making
a total of five treatments. The percentage of worm-free fruit was
46.33, and the percentage of all apples free from worms and stings was
25.36. It is worthy of note that the percentage of worms entering

the calyx was high (29.83 per cent), and that 37.42 per cent of the

wormy apples were infested at the calyx.

Plats XI, XII, and XIII were dusted six times with mixtures con-

taining 20, 15, and 10 per cent of arsenate of lead, respectively. The
results of these treatments indicate quite conclusively that dusting is

unsatisfactory for the control of the codling moth in the Grand
Valley. With as much as a 20 per cent lead arsenate mixture only

40.75 per cent of the fruit was free from worms; with a 15 per cent

lead arsenate mixture there was 34.58 per cent of worm-free fruit;
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and with a mixture containing 10 per cent of lead arsenate there was
only 14.38 per cent of uninfested fruit, all of which would indicate

practically no control. Furthermore, the dust was not nearly so

effective as the liquid sprays in preventing the entrance of worms at

the calyx.

The two plats sprayed by the grower, plats XIV and XV, produced
a lower percentage of control than those treated by the experimental

staff. Plat XIV, in which spray poles and Bordeaux nozzles were

used tlu-oughout the season, yielded 40.21 per cent of uninfested

fruit, whereas plat XV, in which the spray gun was employed for the

cover sprays, gave but 30.22 per cent of worm-free fruit.

The abundance of the codling moth in this orchard is indicated in

plats XVI and XVII, both of which were untreated and which pro-

duced but 8.83 and 8.54 per cent of worm-free fruit. The number of

stings in these plats, as was to be expected, was not large, there being

88.16 per cent of fruit free from stings in plat XVI and 87.42 per cent

in plat XVII. It will be further noted that in these plats the per-

centage of calyx worms was large, 30.26 and 28.92 per cent, respec-

tively, with 47.09 and 47.50 per cent of the wormy apples infested at

the calyx end.

Codling-Moth Trap Experiments in 1917.

A section of the J. B. Hunter orchard near Fruita, Colo., consisting

of Ben Davis and Gano apple trees, was divided into tliree plats.

Plat I, containing 60 trees, was banded and sprayed; plat II, having

108 trees, was provided with the codling-moth trap and sprayed;

while plat III, 99 trees, received no other treatment than five spray

applications as described below.

The spray applications, five in all, were made by the grower on all

the plats as follows: Calyx spray applied June 1-2; first cover spray

June 14-16; second cover spray July 11; third cover spray July 27;

fourth cover spray August 16. A power sprayer was used throughout

the season and this was equipped with Bordeaux nozzles for the

calyx application and whirlpool-disk type nozzles having a large

aperture disk for all of the cover treatments.

The data obtained from the examination of the dropped and har-

vested fruit from eight trees in each plat will be found in Table 11.

It will be noted therein that plat III, which had only the spray

treatment, produced 76.56 per cent of fruit free from worms, a higher

percentage than that of plats I and II, which received theoretically

better treatments. There is no logical explanation for these results

other than the possibility of unevenness of infestation and yield of

fruit.
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In Tables 12 and 13 will be seen the data obtained from examina-
tions of the bands and traps. From 56 banded trees 8,805 larvse

and pupae, or an average of 157.23, were taken, and from 20 codling-

moth traps 3,941 larvae, pupae, and moths, or an average of 197.05, were
secured. The destruction of so large a number of individuals should

aid gradually in obtaining better control despite the fact that the

experimental data for this, the first year, indicate otherwise.

Part of the orchard of Charles Lamb*near Highland Park was also

used for the codling-moth trap experiments. This was sprayed by
the grower who used the short rod equipped with a Bordeaux type

of nozzle in making all the spray applications. In addition to the

calyx treatment, six cover sprays were applied. Plat I was sprayed

and trapped, plat II was sprayed, and plat III was untreated.

The results of the fruit examinations of eight trees in each of plats

I and II and four trees in plat III are given in Table 14. In plat I,

which was sprayed and trapped, 50.54 per cent of the dropped and
harvested fruit was free from worm infestation; whereas in plat II,

which was merely sprayed, there was 64.54 per cent of uninfested

fruit. The unsprayed plat produced 11.45 per cent of fruit free

from larvae.

It will be noted in Table 15 that 5,512 larvae, pupae, and moths
were collected from 20 codling-moth traps and that the average per

trap was 275.6.

In the Smith experimental orchard, where the principal spraying

experiments of 1917 were conducted, examinations were made of 20

codling-moth traps in plat I and of 15 in plat V. The results are

presented in Tables 16 and 17, in which it will be seen that in plat I,

6,186 larvae, pupae, and moths, or an average of 309.3 per trap, were

secured, while in plat V a total of 4,673 or an average per trap of

311.53 individuals were captured.
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As will be noted in Table 10, plat I yielded 70.99 per cent of

fruit free from worms, an improvement in favor of the traps over

plat II, which was untrapped but rec.eived the same number of

spray applications (six in all) and which yielded 62.1 per cent of

worm-free fruit. On the other hand, the traps did not improve the

results in plat V, which, like plat VIII, received a total of five appli-

cations, the yield of worm-free fruit in these two plats being 72.29

per cent and 73.49 per cent, respectively.

From the foregoing experiments it will be seen that the traps

captured an average of from 197.05 to 311.53 individuals per tree;

but contrary to what might be expected, the reduction in the num-
ber of insects was not generally followed by a corresponding de-

crease in the percentage of wormy fruit. This would appear illogical,

and it will therefore be necessary to make further tests covering a

longer period of time before the value of the codling-moth traps as

a supplementary control measure can be determined.

SPRAYING EXPERIMENTS IN 1918.

The spraying experiments in 1918 were conducted in the Red
Cross orchard on a block of Gano trees about 13 years of age. These

trees were subdivided into 12 plats, of which 10 were sprayed and
the remaining 2 were untreated checks located in diagonally opposite

corners of the orchard.

Table 18 shows the treatment given in the different plats. Arse-

nate of lead, powder, at the rate of 1 pound to 50 gallons was used

in all of the sprayed plats, except in plats IX and X where the

strength was r.educed to one-half pound to 50 gallons. Fish-oil soap

at the rate of 2 pounds to 50 gallons was used as a spreader and
sticker for the arsenate of lead in plats III, IV, VII, VIII, and IX.

The codling-moth trap was applied to all trees in plats I, III, V,

and VII.

The sprays were applied by means of a power sprayer delivering

about 225 pounds' pressure to two leads of hose. Two spray poles

were employed in all treatments, one being operated from the tower
and the other from the ground. In the calyx application Bordeaux
nozzles were used, but these were replaced by whirlpool disk nozzles

for the cover sprays.

As shown in Table 19, plats I to IV received, in addition to the

calyx treatment, five cover sprays, three for the first brood and two
for the later broods, and plats V to X were given one less cover

spray, making a total of four, two of which were applied for the

first-brood larvae and two for protection against the second and
third broods.



26 BULLETI^^ 959, U. S, DEPARTMENT OF AGRICULTURE,

Table IS.—Treatment of plats for the codling moth, Red Cross orchard, Grand Valley of
Colorado, 1918.

No. of

plat.
Spray materials and supplemental control measures.

Spraying equipment.

Calyx spray. Cover sprays.

VI..
VII.

VIII.

IX..

X..
XI..
XII.

Arsenate of lead, powder, 1 pound—50, and codling-
moth traps.

Arsenate of lead, powder, 1 pound—50
Arsenate of lead, 1 pound—50. flsh-oil soap, 2 pounds—

50, and codling-moth traps.
Arsenate of lead, 1 pound—50, Mid fish-oil soap, 2
pounds—50.

Arsenate of lead, powder, 1 pound—50, and codling-
moth traps.

Arsenate of lead, powder, 1 pound—50
Arsenate of lead, 1 pound—50, fish-oil soap, 2 pounds

—

50, and codUng-moth traps.
Arsenate of lead, 1 pound—50, and flsh-oil soap, 2
pounds—50.

Arsenate of lead, i pound—50, and fish-oil soap, 2
pounds—50.

Arsenate of lead. § pound—50
Check—unsprayed

do

Spray poles and
Bordeaux noz-
zles.

....do

....do

Spray poles and
whirlpool disk
nozzles.
Do.
Do.

Do.

Do.

Do,

Do.

Do

Table 19.

—

Spraying schedule for the codling moth, Red Cross orchard, Grand Valley of
Colorado, 1918.
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worm infestation. Plat VI, which was given five applications of

arsenate of lead alone, produced 37.88 per cent of fruit free from
worms. It will thus be seen that in these experiments the addi-

tion of soap did not in all cases increase the percentage of worm-
free apples, nor did the codling-moth trap appear to have any dis-

tinct value. In plats IX and X the arsenate of lead strength was
reduced to one-half pound to 50 gallons, and, all factors being taken

into consideration, the results indicate that this strength is as effec-

tive as 1 pound to 50 gallons. The unsprayed plats XI and XII
produced 8.43 and 24.08 per cent of worm-free fruit, respectively.

The percentage of calyx entrants was somewhat higher in the

unsprayed than in the sprayed fruit, but the difference in this re-

spect is not so great as is usually found in spraying experiments for

the control of the codling moth. The unsprayed fruit was com-
paratively free from the codling-moth sting, which is in accord with the

experimental data obtained in the preceding years.



28 BULLETIN 959, U. S. DEPARTMENT OF AGRICULTURE.

fe^isiS'g^'

PMC'S ai; tjig

SSSc;2S?gg?3SS2

»OiOI>.|>CCCC'^(M'"

fcl^-gs-sgai

o§'

P 3 ® .3

e=2

iOiOt^(N C

coooai05Tj^ooo<:Dr*QCOsoi

(N CO C4 CO C4 Tt5 CO CO Tt^' CO r-i rH

:iO>coQiot^ccr^c^iMc
-'MCC'Ot^COOOCNCMO-'

rc^foc'oro'aroo'co'^co'"'*''

C^u^COCOOiCOO-^Tf-^iOC

idit^i-HOOiOiXicocOGC't;

Daor>-oooooowooGCooot

5^

^^

^aaps-s^

s°a'SM'g

> 10 00 1^1^
ss;

< 1^ a> CO CO t^ 00 o

)OC<3'-l(Nt^OCMiOCO

;ss;:H>t>>>;:ixxM



CONTEOL. OF CODLING MOTH IN COLORADO. 29

SUMMARY OF RESULTS.

The principal points of interest in connection with the experi-

mental spray work in the Grand Valley of Colorado may be briefly

summarized as follows

:

Season of 1915.

The highest percentage of fruit free from worms obtained in the

experimental plats in 1915 was 72.22, in a plat which received six

applications of arsenate of lead paste, 2 pounds to 50 gallons. In

the unsprayed plat there was but 13.51 per cent of worm-free fruit.

Arsenate of lime, both homemade and commercial, gave poorer

control than arsenate of lead. In the control of larvse that attempt

to enter the fruit by way of the calyx cavity the results indicate that

a low-pressure fine mist spray is as effective as a high-pressure coarse

spray. The number of stings per apple was considerably less in the

unsprayed than in the sprayed fruit.

Season op 1916.

The best result during the season of 1916, 89.7 per cent of the fruit

free from worm infestation, was obtained in a plat sprayed four times

with arsenate of lead powder, 1 pound to 50 gallons. In the unsprayed

plat 30.98 per cent of the fruit was uninfested. The primary object

of the season's work was to test a coarse spray applied by means of a-

short rod equipped with a Bordeaux nozzle in comparison with a fine

spray applied with spray poles and whirlpool-disk type nozzles. The
results indicate that better control was secured with the finer sprays

applied with the spray poles.

Season op 1917.

The highest percentage of fruit free from worms in 1917 was 78.06,

as a result of six applications of arsenate of lead, 1 pound of the

powder to 50 gallons of water, to which fish-oil soap was added at

the rate of 2 pounds to 50 gallons. Two unsprayed plats yielded

8.83 and 8.54 per cent of fruit free from worms. Another plat

sprayed with six applications of arsenate of lead, but without fish-oil

soap, produced 62.10 per cent of worm-free fruit, thus indicating

that the addition of a soap spreader was of some value. The results

with the codling-moth trap did not indicate that it materially aided

in the control of the codling moth during the time of the experiments.

Nicotine sulphate gave poor control and in combination with arsenate

of lead apparently had very little value in reducing worm infestation

or sting injury. Arsenate of lime gave unsatisfactory results. The
dust treatments were even more ineffective. The plat in which the

calyx spray was omitted was heavily infested at the calyx end.

Five spray applications produced practically as much good fruit as

seven.
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Season op 1918.

In 1918 in a plat sprayed six times with arsenate of lead and fish-

oil soap at the usual strengths 77.36 per cent of the fruit was free from

worms, this being the highest percentage of worm-free fruit obtained

during the season. In two untreated plats, 8.43 and 24.08 per cent

of fruit were free from worm infestation. The use of fish-oil soap in

combination with arsenate of lead gave somewhat variable results.

The codling-moth trap was of little value as a supplemental control

measure. ^Vrsenate of lead powder, one-half pound to 50 gallons, was
about as effective as when used at twice this strength.

SUGGESTIONS FOR THE CONTROL OF THE CODLING MOTH IN THE
GRAND VALLEY OF COLORADO.

The experience of the writers and others who are acquainted with

Grand Valley conditions indicates that the codling moth presents a

very difficult problem. As previously stated, there are two full

broods of larvas per annum and a partial third brood. The moth is

extremely prolific because of the warm dry climate, and, as a result,

the apples are exposed to large numbers of newly hatching larvae

practically every day during the development of the fruit.

The primary object of spraying is to cover the fruit and foliage

with poison, and when this is properly distributed good protection

is obtained for a time. It is, however, quite impossible in commercial

spraying to coat completely all parts of the fruit, and further, as the

apple develops in size it gradually outgrows the spray residue. The
result is, that with numerous larvae seeking a place of entrance, some
will start feeding where there is no poison, gain entrance, and thus

produce wormy apples. It is not commercially profitable to spray

too many times during the season, but a suflficient number of applica-

tions should be made at such intervals as constantly to provide a pro-

tective coating of poison on the fruit, particularly when the larvsB

are hatching in large numbers.

As a result of the life-history investigations in the Grand Valley

and other places, it has been found that the development of the cod-

ling moth from the time of hatching of the first eggs of the season

does not as a rule vary to any great extent and that an average can

be struck which, over a series of years, would usually represent the

approximate development of the insect with sufficient accuracy for

spraying purposes.

Some growers of the Grand Valley have attempted to ascertain

the time to spray by making observations in the orchard, such as

inspection of the leaves for eggs and of the fruit for newly entered

larvae. The writers are inclined to believe that this particular method

as practiced by the fruit grower is unreliable and frequently mislead-

ing, although regular and systematic inspections over a considerable
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portion of the orchard will sometimes give information of value. As
a rule, however, fruit growers have neither the time nor patience to

undertake a careful orchard survey. On account of seasonal varia-

tions, calendar dates for making applications can not bo depended

upon, but a schedule based on certain intervals following the dropping

of the blossom petals will usually result in timely spraying.

In formulating the control of the codling moth it is very important

that the approximate time of the first hatching of each brood of larvfe

and the relative number of worms that are developing from time to

time be Ivnown. Complete and reliable data of this nature were

obtained in the foregoing life-history studies, and with these data

at hand it is believed that the most effective time for making the

spray applications can be established.

The spray schedules that follow are based on the life-history studies

of 1915 and 1916 and take into consideration the time when each

brood begins to hatch, the time when the larvae are hatching in large

numbers, as well as the time when hatching occurs in maximum
numbers. Three sets of schedules, I, II, and III, all starting from the

time 90 per cent of the petals have dropped, are presented in Table 21,

by i"eference to which it will be seen that schedule I calls for five

applications and is intended for orchards having a relatively light

mfestation and for varieties on which the codling moth is not difficult

to control; schedule II, six applications, for a medium infestation and
for varieties on which the codling moth is moderately difficult to

control; schedule III, seven applications, for a heavy infestation and

for varieties on which the codling moth is most difficult to control.

The codling moth is normally abundant in the Grand Valley, and
apples such as the Ben Davis, Schackelford, and other susceptible

varieties will usually require schedule III, or seven treatments,

especially if from previous neglect or other cause the infestation is

very heavy; whereas, under similar conditions of infestation, varieties

like thoWinesap', on which the codling moth is more readily controlled,

will require a smaller number of applications, as in schedules I or II.

The degree of infestation varies somewhat from year to year and in

the different fruit districts, and, as previously stated, the control of

this insect varies with the different ^'arieties. For these reasons, no

one schedule will meet the demands of all the growers, and it will be

necessary for each individual to forecast in advance what his conditions

are likely to be and spray accordingly.
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Table 21.

—

Spraying schedules for the codling moth in the Grand Valley of Colorado.
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to hatch. The next and last appUcation should be made 34 to 36

da3^s later, in advance of the hatching of the second-brood larvse in

maximum numbers and for protection against the third-brood larvae.

Schedule II is similar to schedule I except that five cover sprays

are used instead of four, the additional application being made for

the first-brood larvae. The second cover spray should be applied

10 to 12 days after the previous treatment so as to cover the fruit

just in advance of the hatching of the first-brood larvae in large num-
bers. The next application should be made 10 to 12 days later as a

means of protection against the late hatching first-brood larvae.

Schedule III includes a total of seven applications, the first four

being similar to those of schedule II. But in schedule III, three

applications should be made for the second and third broods, the first

of which should be applied 9 to 10 weeks after the calyx treatment,

previous to the hatching of the second-brood larvae. The next

application should follow in 24 to 26 days, just before the hatching

of the second-brood larvae in large numbers and the last should be

applied 15 to 17 days later, for late hatching second-brood larvae and

protection against worms of the third brood.

AVOID PRESENCE OF SPRAY RESmUE ON HARVESTED FRUIT.

Orchardists understand the importance of and will naturally give

attention to the carrying out of any spraying schedule in such a

manner as to obviate as completely as possible the presence of spray

residue on fruit prepared for the market. Such residue is objection-

able to consumers, and while there is little chance of injury resulting

from its use, there is no necessity under average conditions to spray

to an extent that results in much spray on the fruit at harvest time.

A heavy coat of spray residue at harvest time is frequently due to

an attempt on the part of the grower to protect his nearly ripened

fruit from an abundance of late hatching worms. This condition

would not be so common or serious if the proper action and same
amount of endeavor were directed against the elimination of the first-

brood worms.
During certain seasons of imusual worminess or with particularly

susceptible varieties, seven treatments may not always give the

desired results, but it is believed that in most instances seven

thorough, well-timed applications will give as good results as can be

economically obtained in the Grand Valley.

The foregoing schedules are based on the general average life his-

tory of the codling moth in the Grand Valley under normal climatic

conditions. But if there should occur any unusual departure from the

normal, a corresponding variation in the development of the insect

is to be expected, and the schedule of applications should be modified

accordingly. Small deviations, however, should not cause the fruit
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grower to abandon his adopted schedule, since a matter of a few days

one way or the other is not likely to affect the ultimate results to any

marked extent.

Above all, the fruit grower should pay particular attention to

spraying for the first-brood larvae and make every effort to poison as

many of these as possible. If all of the first-brood worms were

killed there would be none of the second or third broods with which

to contend. Upon inspection of their orchards early in the season,

fruit growers sometimes conclude that there are so few worms pres-

ent that it is unnecessary to make additional spray applications for

the first brood. Unfortunately, it is not always realized that the

presence of a comparatively few larvae early in the season will often

result in large second and third broods, which frequently will cause

an enormous loss despite the most thorough subsequent spraying.

The fruit grower should therefore bear in mind that during the early

part of the season, while the fruit is small and the skin is not very

waxy, it is easier to coat it thoroughly with poison and thus kill the

worms than later in the year when the apples have grown larger

and the skin has become smoother. Unless the fruit grower makes
every effort to reduce to the minimum the number of first-brood

larvse, he will have small chance of success against the later broods.

Neglect to spray with thoroughness and timeliness against the first

brood of worms can never be economically or successfully overcome

by sprays applied late in the season.

SPRAY MATERIALS.

Arsenate of lead at the rate of 1 pound of the powder or 2 pounds of

the paste to 50 gallons of water is recommended as the most satis-

factory poison for use against the codling moth. For convenience in

handling and storing, the powdered product is preferable to the paste.

Although the experimental data did not always indicate that the

addition of fish-oil soap to the arsenate of lead spray was of value, it is

believed, nevertheless, that the use of soap, 2 pounds to 50 gallons, will

generally increase the efficiency of the spray on account of the spread-

ing qualities of the soap. Soap, however, should never be used with

strongly alkaline water.

SPRAYING EQUIPMENT.

To spray the orchard as quickly as possible during the critical

periods, it is recommended that a power sprayer of ample capacity

and capable of supplying three leads of hose with a pressure of 225 to

250 pounds be used. In spraying large trees a spray tower, erected on

top of the outfit, will enable the operator to cover the upper parts of

the trees more thoroughly. A tank filler is almost a necessity and
each sprayer should be provided with this device. It is also important
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to have well-made hose of sufficient length and hose couplings and

clamps that will stand the strain of the work without breaking or

allowing the hose to be forced off during the spraying operations.

As previously stated, it is believed that the use of spray poles

equipped with the whirlpool-disk type of nozzles will result in a larger

percentage of clean fruit than if the short rod and Bordeaux nozzle or

the spray gun are used. The last two methods of spraying, however,

will save considerable time and it is therefore a question of the value

of time against a somewhat greater quantity of fruit free from worms.

The choice of method will depend upon availability and cost of labor,

weather conditions, size of orchard, and number of spray machines,

severity of infestation, variety of fruit, and other factors. Under
some circumstances the grower may find it an advantage to use the

spray gun for the calyx application and the first cover spray, changing

to the poles and finer sprays for the later treatments when the fruit

is larger and the skin is smoother, more waxy, and more difficult to

coat with the spray liqirid.

SUPPLEMENTAL CONTROL MEASURES.

Despite the most thorough spraying some first brood larvae will es-

cape the poison, and after completing their feeding period within the

fruitwillleaveit and spin their cocoons on the tree trunk and later de-

velop into moths which will in turn produce second-brood larvfe. As a

means of catching these larvae the banding method may be practiced.

This consists of soraping the trunk to remove the loose bark, thus de-

stroying most of the places where the larvae hide, and then placing

around the trunk a burlap band, folded into two or three thicknesses to

a width of about 6 inches. These bands should be examined every 10

days from about the middle of June to August 31, and all of the larvae

and pupae found beneath should be killed. A final examination

should be made any time after the fruit is harvested. The banding

method, if properly worked from year to year in conjunction with

thorough spraying, will gradually reduce the number of individuals in

the orchard so that a larger percentage of worm-free fruit will be ob-

"

tained than with spraying alone.

CODUNG-MOTH TRAP.

A codling-moth trap has been devised as a substitute for the band-
ing method. This device will serve the same purpose as banding and
will obviate the necessity of working the bands during the growing

season when labor is usually much needed for other duties. While
the spraying experiments do not indicate any pronounced benefit

through the use of the codling-moth trap, it should be borne in mind
that this device was used only one season and then only in a part of



36 BULLETIN 969, U. S. DEPARTMENT OF AGRICULTTJRE.

each of the orchards; hence there was no chance to determine what
cumulative effect it might Jiave if used over a series of years and if

applied to all of the trees in the orchard. Since we have no experi-

mental data to indicate the cumulative value of the trap the writers are

not in a position to make any recommendations, but for those who
wish to give the trap a trial the following method of manufacture is

suggested.
Manufacture.

The materials needed for the manufacture of the codling-moth

trap are as follows: Medium to heavy burlap, ordinary black-painted

or japanned wire screen having 12 meshes to the inch, a folding

machine such as that used by tinners to fold the edge of tin sheeting,

and a crimping machine such as that used to reduce the end of stove

pipe.

The burlap is cut into strips 6 inches wide and folded into three

thicknesses by any convenient method. Wetting the burlap will

make it fold more easily and remain better creased. To assist in

this, however, it is well to roll the burlap up in flat rolls of any con-

venient size so that they can be easily handled in the field.

The wire screen is also cut into strips 6 inches wide and of any
convenient length, depending on the length of the machine used to

fold the edges. The edge of each strip should be folded at least

once, preferably twice, using the folding machine mentioned above

or any other convenient method. This fold should not be over

three-eighths to one-half of an inch wide if folded once and not over

one-fourth of an inch wide if folded twice. It is essential that the

wire should be folded at least once and preferably twice, as the edges

can then be crimped much better in the crimping machine and a more
desirable bulge produced. Both edges of the strip are then run

through the crimping machine, which should be set to make a fairly

deep crimp without cutting the wire and about three-fourths to one

inch from each edge. This crimp will aid greatly in giving, as stated

above, a desirable bulge to the wire when it is applied to the tree,

and further it will allow for the expansion of the tree trunk as it

grows throughout the season. As the wire comes from the crimping

machine it can well be rolled up into small rolls, which wall greatly

assist in keeping the crimp intact and also facilitate the manipulation

of the wire in the field. If the crimping machine mentioned above

can not be had, some other method, such as tucking the edges, must
be adopted to give the desired bulge and to keep it away from the

burlap on the tree.

Application.

The materials needed for the application of the codling-moth trap

to the tree are as follows: A supply each of burlap and wire screen

prepared as described above, a supply of slate nails about an inch or
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more long, 10-oiincc bill-posting tacks, tinner shears, a claw hammer,
tar such as that used for roofing purposes (sometimes called ''pitch

tar"), a melting pot or a small pail conveniently arranged over a

flame, and a small dauber.

The strip of folded burlap is then placed completely about the

trunk of the tree to be trapped. It may be placed at any convenient

height between the lowest limb and the ground, and an overlapping

of an inch or two should be left to allow for the expansion of the tree.

The loose bark should be scraped from the trunk, lower branches,

and the crotches of each tree on which the codling-moth trap is ap-

plied in order to destroy as many places as possible where the codling-

moth larva might spin its cocoon and there transform to the adult

or moth stage. The burlap should be held in place by slate nails

about an inch in length driven in at several points around the tree

trunk so that the head projects not less than half an inch beyond the

burlap, preferably three-fourths of an inch. This is essential in

order to hold the wire safely away from the burlap at such a distance

as will prevent the pupse, just before the moths emerge, from wTiggling

up to or through the meshes of the wire and the moths from emerging

on the outside of the trap.

With the burlap in place and the slate nails in theu- proper position,

the wire screen, as prepared above, is ready to be tacked into place.

Start at any convenient point and in any convenient direction

around the tree by putting one tack in the corner on the lower edge

of one end of the wire-screen strip, holding the strip so that the

burlap band will be in the middle. Then place a tack in the corner

on the upper edge, shoving down on this edge slightly, so as to spring

the wire away about 1^ inches or more from the tree at this point.

Proceed around the tree trunk with the wire, holding it so that the

burlap will be in the center all the way around and placing just

enough of the 10-ounce bill-posting tacks, along the edges of the wire

to hold it snugly to the tree at all points, particularly where there

are slight depressions or hollows which can not be sealed over with

the tar, as outlined below.

Here care should be taken not to stretch the wire while it is being

tacked to the tree, as this will pull out the crimp and make the for-

mation of a desirable bulge rather difficult. Care should also be

taken while the wire is being tacked into place to push the two edges

together somewhat in order to increase the bulge already made by
the crimping. This bulge should be large enough so that the mid-

dle of the strip will be approximately 1 inch from the burlap at

every point. It is entirely possible to produce a bulge of over 2

inches, provided the wire is properly crimped and the edges are

pushed together in the proper fashion. A little practice, however,

will develop considerable skill along this line. An overlapping of
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several inches should be left when the wire has been completely fas-

tened around the trunk of the tree, and this overlapping should be
stretched slightly over the wire beneath, so as to make a tight joint.

If, as pointed out above, care is taken to produce a bulge sufficient

to hold the wire well away from the burlap, to fit the wire snugly to

the tree and make the overlapping tight, the codling-moth trap will

remain in perfect operation throughout the season. It will then be
practically impossible for the pupse, just before the moths emerge,

to work their way up to the wire, allowing the moths to emerge on
the outside of the trapjj'a thing which is sure to happen when the

wire is close to the burlap.

Care should be taken that there are no openings between the wire

and the tree trunk through w^hich moths may escape from the trap.

These can be prevented by placing a thin coating of ordinary roof

tar over the edges of the trap. This is a very practical and con-

venient method of making traps moth-tight. The tar can be con-

veniently melted in a small melting pot or pail held over a flame and
can be applied best by means of a small stick with a bit of cloth on
the end. Tar can not be applied easily with a brush. In applying

the tar, roll the stick or the dauber toward the tree as it is passed

along the edges of the trap. The tar need not be applied until

shortly before the time the first moth of the first brood emerges.

Maintenance.

When once attached to the tree as outlined above and carefully

sealed with tar, the codling-moth trap should remain in perfect oper-

ation tliroughout the season and should require very little atten-

tion. In some cases an inspection the following spring to close up
any holes which may have formed will be sufficient to put the trap

in condition for another year.
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INTRODUCTION.

Little information has been recorded regarding the biology, habits,

and control of Halticus citri, known as the garden flea-hopper. Dr.

F. H. Chittenden was the first to attach to Halticus citri (Ashmead),

then known as Halticus uhleri (Giard), the common name, chosen

because of the insect's injmies to truck crops and its saltatory power.

In addition to other leguminous plants the insect attacks alfalfa,

injuring the plant by sucking the juices, and in fields where heavy

infestation occurs may cause the loss of 50 to 60 per cent of the crop.

As little was known of the insect outside of its depredations on truck

crops, observations and life-history studies on the garden flea-

hopper on alfalfa were conducted during the years 1915, 1916, and

part of 1917, at Columbia, S. C, and also a series of control experi-

ments for the purpose of determining the most effective means of

combating outbreaks of the pest. The bulletin, therefore, gives

the results accomplished by means of a combination of field and labo-

ratory experiments.

48309°—21-BuIl. 964 1
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ORIGIN AND DISTRIBUTION.

The present knoAvn range of the garden flea-hopper covers a large

portion of the United States (fig. 1) . This insect belongs to the family

Capsidae of the Heteroptera, is C|uite generally distributed throughout

the eastern half of the United vStates, and in most instances has

been reported as injurious to crops.

The garden flea-hopper is apparently American in origin. There
are, however, two cases on record where it is reported as being de-

structive to C7"ops out-

side of the United

States, viz, Brazil and
French Cochin China.

In the latter region it

seriously infested the

peanut crop.^

During the summer
of 1916 the writer

made numerous ob-

servations with a view

of determining what
Fig. 1.—Map showing States where the garden flea-hopper (IMtieiis effect altitude might

c?7ri) has been found. i i.i_ t^ have upon the dis-

tribution of this species. Sweepings made at • the points men-
tioned below showed the presence of the adults and nymphs in

the highest as well as the lowest altitudes where collections were
made. The trip included visits during the month of August, 1916,

to alfalfa and clover fields at Macon, Ga.; Gray, Ga.; Sylva, N. C;
WaynesviUe, N. C. ; AsheviUe, N. C. ; Statesville, N. C. ; Columbia, S. C.

;

and Gainesville, Fla. The territory covering these points included

a range of altitude from 180 feet to 2,700 feet. Gray, Ga., which
has an altitude of 500 feet, was the center of the 1915 outbreak,

1 The following notes on the garden flea-hopper (Halticus citri) and list of localities have been compiled
from field studies in the United States and from specimens contained in the collections of the U. S.

National Museum: Orange Springs, Fla., 1S87 (W. H. Ashmead); Riley Co., Kans., Sept. 10, 1892 (C. L.

Marlatt); Washington, D. C, June 22, 1S97; Columbia, Mo., no date (C. V. Riley); Berkeley Springs,

W. Va. (P. R. Uhler); Auburn, Ala., no date (P. R. Uhler); Experiment Station, Manhattan, Kans., 1889

(E. A. Smith); Experiment Station, Hartford, Conn., Sept., 1914 (W. E. Britton); Stillwater, Okla.,

Oct., 1912 (C. E. Sanborn); Topeka, Kans., Aug. 30, 1917 (E. A. Popenoe); Chicago, 111., July 13, 1908 (J. J.

Davis); Clemson CoUege, S. C, July 16, 1909 (G. G. AinsUe); Nashville, Tenn., Sept. 5, 1910 (G. G. Ainslie);

Experiment Station, Utah, 1893 (P. R. Uhler); Winchester, Va., July 13, 1913 (E. B. Blakeslee); Washing-
ton, D. C, 1917 (F. H. Chittenden); Gray, Ga., 1915 (R. J. Stewart); Gray, Ga., May 26, 1915 (A. H. Beyer);

Macon, Ga., May 27, 1915 (A. H. Beyer); Lafayette, Ind., Aug. 11, 1916 (J. J. Da\is); Atlanta, Ga., Aug.
25, 1916 (A. H. Beyer); Statesville, N. C, Aug. 31, 1916, WaynesviUe, N. C, Aug. 27, 1916 (A. H. Beyer);

AsheviUe, N. C, Aug. 28, 1916 (A. H. Beyer); Charlotte, N. C, Aug. 31, 1916 (A. H. Beyer); Hagerstown,
Md., Sept. 12, 1912 (H. L. Parker); Columbia, S. C, Oct. 5, 1915 (A. H. Beyer); Ithaca, N. Y., Oct., 1915

(H. H. Knight); Boston, Mass., Sept., 1915 (H. H. Knight); Springfield, Mo., July, 1915 (H. H. Knight);
Quincy, Fla., May 23, 1916 (F. H. McDonough); Lakeland, Fla., Dee. 16, 1916 (A. H. Beyer); Fulton Co.,

N. Y., Aug., 1911 (C. P. Alexander); IndianapoUs, Ind., Aug. 25, 1916 (H. F. Dietz); Gainesville, Fla.,

Feb. 28, 1917 (A. H. Beyer); Charleston, Mo., May 26, 1916 (E. H. Gibson); Hot Springs, Ark., May, 1916

(E. H. Gibson); Chapel HiU, N. C, Sept. 21, 1915 (P. LuginbiU).
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P. R. IThlcr (-7)- recorded tlie f^jarden fleii-hojiper as having been

found at the experiment station at Logan, Utah, which point has

an approximate altitude of 4,700 feet above sea level.

SYNONYMY.

The garden flea-hopper was first named and described by Ash-

mead (1) as Bhinocloa citri. E. A. Popenoe (:2) in 1890 called it

" Halticiis minutus IJhler MS." During the same year Giard (3) re-

named the species iihleri, since there was already a Halticus minutus

Renter. Distant {4, p. 4^0) in 1S93 redescribed the species as Calo-

coris canus, not recognizing its true affinities.

Renter (12) in 1909 first pointed out that Rhinodoa citri Ashmead
and Halticus uhleri Giard were the same, but he left the species un-

der the latter name until 1914, when H. G. Barber (15) used the

combination "Halticus citri (Ashm.)" in print.

The s3monymy, therefore, is as follows:

Halticus citri (Ashmead) Barber.

Rhinodoa citri A§hmead (/).

Halticus minutus (Uhler MS) Popenoe (f).

Ilnlticus uhleri Giard (3).

Calocoris canus Distant (4).

Halticus citri Barber (15).

HISTORY OF THE SPECIES AND ITS INJURIES.

Halticus citri seems first to have received economic mention in 1887,

by W. H. Ashmead (1) , who found it on orange trees in Florida.

In 1892 A. Giard (3) recorded it as being destructive to peanut and
rice crops of French Cochin China and Singapore, Straits Settlements.

This species, with Agalliastes bractatus Say, was reported from
Kansas in 1890 (2) as follows:

We have the past season observed two species of Capsidae, or plant-bugs, living in

great numbers on the underside of the leaves of the garden bean, puncturing the

tissues and sucking the sap, and by these punctures causing the death of the tissues

in small, irregular patches, that appear upon the upper surface of the leaf as white

spots.

It was found by J. B. Smith (6', p. 133) in New Jersey during 1900

injuring truck crops at the following places: New Brunswick, James-
burg, Swedesboro, Madison, Camden County, and Mneland.

In 1900 F. M. Webster (?) reported it from Wooster, Ohio. F. H.
Chittenden (5) states:

In May and June, 1900, this insect was observed in some numbers on beans in dif-

ferent localities, and some leaves were found to have been killed by its attacks.

Beets and cabbage were also affected, but injury was less noticeable to these crops.

In 1901 the writer noticed severe injury to ornamental morning-glory in the city of

Washington.

2 Reference is made by number (italic) to "Literature cited," p. 27.
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W. E. Brit ton (9) of Connecticut, during September, 1904, re-

ceived specimens of the insect from Southport, Conn., with the state-

ment that much injury was being done by it to smilax growing under

glass. Injury to beans, beets, red clover, cowpeas, potatoes, chrys-

anthemums, morning-glories, eggplant, cabbages, and pumpkins also

occurred at that time.

In 1907 F. H. Chittenden (10, p. 118) reported that the insect

'^ives in great numbers on the leaves, puncturing them so as to cause

the death of the tissues in small irregular white patches. In its

short-winged form it resembles the black flea-beetles, which affect

potato, alike in appearance, in the nature of its work, and in its salta-

tory power. Other food plants include potato, pumpkin, cabbage,

ornamental plants, clover, and many weeds."

In 1907 F. M. Webster recorded H. uhleri as destructive to al-

falfa over small areas at Topeka, Kans.

In the Yearbook of 1908 Dr. Chittenden (11) gives the following

account of H. citri:

The garden flea-hopper (HaUicus uhleri Giard) was more or less injurious to cucum-

bers, squash, and beans in New Jersey; to beans in the District of Columbia, and to

lettuce and sweet potato in the trucking region of Norfolk. Va.

C. E. Sanborn (14) found the species destructive to alfalfa in Okla-

homa in 1912. During the same year J. J. Davis (13) gives the fol-

lowing account of Halticus citri:

This flea-hopper did much damage to smilax in several greenhouses around Chicago

in 1908 . . . and just outside of the house the weeds were much infested with it—the

latter fact probably accounting for its presence indoors. Early in the spring of 1909

the adults—fully mnged males and females as well as the short-winged form—were

found abundant in one greenhouse at a date which would preclude any possibility of

their having developed out-of-doors that spring; and they did not develop inside the

greenhouses from eggs deposited the fall before, as the houses had been examined

during the winter and not an active "hopper" found. It was also observed that the

individuals became adult in the fall, as cold weather set in. From these observations

it appears that the adults hibernate in greenhouses or out-of-doors and become active

in the spring, when they deposit their eggs for that season's generation—instead of

doing it in the fall before, as has heretofore been supposed.

Following are from the notes of Mr. G. G. Ainslie, of the Bureau of

Entomology

:

Clemson College, S. C., July 16, 1909: The alfalfa is conspicuously whitened by

the adults and larva' of this bug which have come there from the adjoining peas.

The habitats of the insect seem to be the same on alfalfa as peas. The adults are

found on both sides of the leaves but mainly the lower, while the larvae are confined to

the lower side.

Nashville. Tenn., September 5, 1910: Found a fleld of alfalfa badly whitened by

the attacks of this species. , The plants looked sickly from the work of these bugs.

July 13, 1913, Mr. E. B. Blakeslee of Winchester, Va., reported to

Prof. A. L. Quaintance of the Bureau of Entomology the occurrence

of enormous numbers of H. citri in alfalfa fields, both in the adult and
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nymphal stages. Mr. J. R. Stewart, of Gray, Ga., under the date of

May 9, 1915, reported severe injury by the garden flea-hopper to a

field of alfalfa that had yielded fine crops for two years.

Mr. E. II. Gibson on May 26, 191G, reported it as being injurious to

alfalfa at Charleston, Mo.

RECENT INJURIES.

During the year 1915 serious attacks by Halticufi citri on cereal and
forage crops in the South Atlantic States, and especially in Georgia,

Fig. 2.—Alfalfa showing the effect of injury by the garden flea-hopper on the leaves.

directed the attention of the Bureau of Entomology to the need of

investigational work with respect to this insect. The late Prof. F. M.
Webster, entomologist in charge of cereal and forage insect investi-

gations, immediately instituted researches for the purpose of deter-

mining suitable control measures.

The writer began his investigations at Gray, Ga., May 26, 1915.

In walking through the alfalfa fields at this place infestation by the

garden flea-hopper was found exceedingly abundant, the insect being
present in all stages of its life cycle; the distribution of the pest in
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each field was found to be quite uniform excepting along the fences,

where the plants were most seriously affected, leaves being discolored

and dropping off, and the plants dying in frequent instances.

It was observed that the injury caused to alfalfa by Halticus citrl

very closely resembled that of the red spider {Tetranychvs Umacu-
latus Harv.).

All the cereal and forage and truck crops, wild mulberry trees,

peach trees, and a large number of weeds, including the briar and

Fig. 3.—At the right, normal healthy leaves ofred clover. At the center and left, leaves seriously af-

fected by the garden flea-hopper.

species of the mint family, were found infested with this insect.

More noticeable damage, however, was shown by alfalfa, cowpeas, and
clover than by other growing crops.

DAMAGE TO ALFALFA.

The mjury which is inflicted on alfalfa and other plants is caused
by both adults and nymphs. Damage is done by means of their

sharp pointed mouth-parts which are inserted into the plant tissues.

The short chitinized beak is thrust through the surface of the leaf or its
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petiole and sap is extracted, giving the leaves a bleached appearance

and often killing them. In extreme cases the stems of the plants

are attacked in like manner. The greatest amount of damage
results from the loss of plant sap or juices. The leaves die and in

many instances drop from the stems and cause the infested plants

to appear as bunches of stubble. (See figs. 2 to G.)

The loss to the crop has been estimated by the writer as high as 50 to

60 per cent in several severely infested fields where the alfalfa had been

cut and the cured hay removed. The damage is ([uitc noticeable

Fig. 4.—While clover showing the effect olinjury on the leaves by tlie pvrden llca-hopper.

in the field, since the plants have not the green color and freshness

characteristic of plants that are uninjured,* and have become
fibrous, contrasting with other plants of luxuriant growth and

thrifty condition. The extraction of the plant juices checks the

growth of the plant, causing it to slirivel up and in a number of

instances to die. After the crop has been cut and the hay re-

moved from the field an inspection of the alfalfa field shows that

a large number of the leaves have fallen from the plants and
been left lying on the ground, causing a loss of much of the food
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value of the hay. This is due in large measure to the injury resulting
from the feeding of the garden flea-hopper upon the petioles, leaves
and tender stems.

FIG. 5.-Cowpeas showing the effect of .njury by the garden flea-hopper on the leaves.

HOST PLANTS.

Throughout the South Atlantic States the species was found
prevalent on alfalfa, the clovers, cowpeas, and some of the common
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weeds. All common garden truck was also found to be among the

favorite host plants with the possible exception of the red pepper

plant which showed very slight attack or injury. It was found on

Fig. G.—Beggar-weed ( Meibomia tortuosa) showing the effect of feeding of the garden flea-hopper upon
the!

plants in greenhouses the year round, and on the out-of-door flower-

ing plants it was especially noticeable in the early spring and late

fall, although also common throughout the summer.

48309°—21—Bull. 964 2
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Tables I, II, and III were prepared after a close examination of

the most seriously infested host plants collected from the fields in

which outbreaks occured, and show that alfalfa is most frequented

by Halticus citri for egg laying.

Table I.

—

Infestation in alfalfa by Halticus citri, showing the number of eggs in each

leaf and where deposited.

Leaf No.
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Table III.

—

Infestation in cowpeas bij flaUicus citri, showing the number of eggs in the

leaf and where deposited.

Leaf No.
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The male (fig. 8) has the normal form of the Hemiptera, while

the brachypterous female may easily be taken for another species.

The macropterous female (fig. 9) resembles the male, having long

wings but is somewhat larger than the male.

H. H. Knight, of the department of entomology, Cornell Uni-
versity, Ithaca, N. Y., has kindly drafted the following redescription

of the adult, from specimens furnished by the writer from Columbia,

s. a
Slightly smaller and less shining than apterns L.; in addition to the vestiture of

very fine pale pubescence, having on the dorsum deciduous tomentose patches which
give silvery to greenish reflections as in intemedius Uhler.

MALE (MACROPTEROUS).

Length 2.1 mm. (1.9 to 2.1 mm.), width 0.74

mm.; slightly smaller and more slender than

the female.

Head.—Length 0.22 mm., width across eyes

0.56 mm., vertex 0.31 mm. Nearly vertical,

front prominent, more or less sulcate at the

base of the tylus; black, shining; carina form-

ed by a sharp basal margin of the head. Rost-

rum reaching to the posterior margin of the

middle coxae; first two segments black, the

third and all but the apex of the fourth

pale.

Antennse.—Long and slender, reaching be-

yond the tip of the membrane; segment I,

length 0.25 mm., pale, sometimes darkened

at the apex, two or three prominent bristles

just before the tip; IT, 1.05 mm., black, linear,

and slender; III, 0.83 mm., fuscous to black,

usually pale at the liase, more slender than the

second; IV, 0.54 mm., fuscous, very slender.

Pronofvm.—Length 0.40 mm. , width at base 0.74 mm. , collar and calli not apparent;

black, moderately shining, the disk having patches of deciduous tomentose pubescence

as on the hemelytra. Scutellum, sternum, and pleurae black, moderately shining.

Ilemehjtra.—Sides nearly parallel; black, the clavus and corium having patches of

deciduous tomentose pubescence, the patches arranged in more or less definite rows;

cuneus black, the apex pale yellowish. Membrane pale, tinged with fuscous, one

cell apparent but not distinct.

Legs.—Long and slender, the hind femora saltatorial, coxae black, front and middle

femora pale yellow, the hind pair black with the apex pale; tibia; pale yellow, the

hind pair fuscous near the base; tarsi pale yellowish, the tips fuscous, claws black.

Venter.—-Black, moderatelv shining, genital claspers small but distinctive of the

species.

FEMALE (MACROPTEROUS).

Length 2.17 mm., width 0.95 mm., very similar to the male but more robust and

having the second antennal segment and the femora differently colored.

Head.—Length 0.25 mm., width across eyes 0.57 mm., vertex 0.31 mm.; not differ-

ing from the male.

Antennir..—Segment I, length 0.22 mm., fuscous to blackish, paler at the base;

II, 0.98 mm., pale with the basal and apical one-fourth blackish; III, 0.77 mm.,
fuscous, pale toward the base; IV, 0.48 mm., fuscous.

Fig. l.—IIalticus citri: Brachypterous

female. Greatly enlarged.
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Pro?to/»m.— T ength 0.40 mm., width at liase 0.85 mm., similar to Ihc male.

Hemelijtra.—Width 0.97 mm., similar to the male.

Legs.—Diiiering from the male in having the front and middle femora l)lack with

only the tips pale.

Venter.—Black, moderately ^shining; ovipositor extending from a point near the

tip of the hind coxa'.

FEMALE (BUACIIYPTER(MS).

Length to tip of venter LO mm., width L05 mm. Distinguished at once by its

small ovate form and abbreviated homelytra. Not differing from the macropterous

female except in the form of the homelytra and tho absence of hind wings.

Fig. S.—Halticuscitri: Malo. Greatly enlarged. ViG.'d.—lMtkuscitri: Macropterous female.

Greatly enlarged.

Anlenna\—Segment 1, length 0.22 mm., pale fuscous, paler at the base; II, 0.97

mm., pale, blackish at the base and apex; III, 0.85 mm., pale, fuscous toward the

apex; IV, 0.57 mm., fuscous.

Ilemrlytm.—Length 0.94 mm., not reaching to the tip of the venter; width L03

mm. ; rounded and convex, the membrane and the hind wings absent.

The comparative lengths of adults of both sexes are sho^vn in the

following table:

Table IV.

—

(Comparative length of male and of brachypterous and macropterous female
adults of the garden flea-hopper (Halticus citri).
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EGG.

Vis. 10.

Egg cylindrical, roundly pointed at caudal end, broadly truncate at cephalic

end. One side decidedly convex, opposite side slightly concave. Chorion smooth,

lustrous, pearly white, semitransparent, free from sculpture, except surface of trun-

cate end, which is roughly shagreened. Truncate end apparently with a collar,

below which the egg is slightly constricted, end ellipsoidal in outline. Dimensions,

long diameter, 0.21 mm., short diameter, 0.10 mm. Length of egg, oiiter angle 0.71

mm., length of inner angle, 0.56 mm. Diameter at widest point, 0.20 mm.

Figs. 11-15.

The nymph resembles the adult in general outline and structure

but differs in color, and has, in the place of wings such as the adults

Fig. 10.—Haltkus citri: a, Eggs in alfalfa leaf: 6; egg greatly

enlarged.

Fig. n.—Halticus citri: First

nymphal instar. Greatly

enlarged.

have, dark-colored wing pads, these being most pronounced in the

fifth stage. In the first nymphal instar the body is less robust and

of a pale clay-yellow color at hatching which turns to pale green

after feeding. During the period from the second to the fifth

instars, inclusive, the thorax and abdomen increase in size laterally.

The body gradually becomes more robust, and at the fifth instar it

has assumed almost the shape and form of the adult. The color of

the body varies from a light to a dark green.

The period of time consumed in the development of the nymph
ranges from 10 to 18 days, or an average of 14 days, as shown in

Table V.
FIRST INSTAR.

Fig. 11

Length 0.70 mm., width 0.19 mm. (average of 6 specimens). Number of body joints

13. Segments of abdomen 10. Head, thorax, abdomen, and all appendages pale clay

color. Head as wide as body, as long as wide. Eyes lateral and prominent, oval

shaped, with hexagonal facet structure, carmine in color. Beak 0.21 mm. long; three

joints, dark at apex. Antennae tubular; composed of four joints, first slightly swollen,

length 0.08 mm., second 0.15 mm., third 0.20 mm., fourth 0.25 mm. ; total length 0.68







T BLE V —Number o/imtars, iJieir length, and length o/nymphal life of Halticus citri during the months of June, July, August, and October, 1916, at Columbia, S.

Date of ogg
deposit.
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Body: Widest at the head and thorax, caudal end bluntly pointed when viewed

from the dorsum.

Legs: Femur covered with long s])arse hairs; tibia covered with numerous short,

stiff, appressed hairs ; tarsi covered with numerous short, stiff hairs, end of tarsi having

two small hooks.
SECOND INSTAR.

Fig. 12.

Length 0.81 mm., width 0.27 mm. at widest part of the body. Thorax and abdomen
I)ale green, appendages clay color. Eyes lateral and prominent, oval shaped, vnih

hexagonal facet structure, color carmine. Beak 0.32 mm.; of three joints, dark at

apex, sucking tube brownish. Antennge tubular, of four joints, the first slightly

swollen; amber colored, pubescent, hairs somewhat appressed; first joint 0.08 mm. in

length, second 0.22 mm., third 0.25 mm., fourth 0.24 mm., total 0.79 mm.
Body: Each segment with sparse, short, stiff hairs. Body widest at fifth abdominal

segment, tapering bluntly at posterior extremity.

Legs: Amber colored, femur coA'ered with long, sparse hairs; tibia bearing short,

stiff, appressed hairs; tarsi bearing numerous short, stiff hairs, end of tarsi haWng two

small hooks.

Fig. \2.—Halticus citri: Second njTnphal Fig. 13.— //a«iruA'«(n: Third iiymphal instar.

iiistar. Greatly enlarged. Greatly enlarged.

THIRD INSTAR.

Fig. 13.

Length 1.03 mm., greatest body width 0.32 mm., width of head at widest point

29 mm.
Head brownish, thorax and abdomen varjdng in color from pale to dark green,

appendages amber colored. Eyes lateral and prominent, oval shaped, with hexagonal

facet structure, color carmine. Beak 0.38 mm. long, three-jointed, amber colored,

terminal joints dark at apex. Sucking tube brownish. Antenna? tubular, four-

jointed, amber colored, pubescent, hairs somewhat appressed; first joint 0.29 mm. in

length, second 0.31 mm., third 0.22 mm., fourth 0.13 mm., total length 0.95 mm.
Body : Number of joints as in preceding instar. On dorsum of each joint one short,

stiff hair and on lateral side of dorsum one stiff hair. Color pale green. Body widest

at fifth abdominal segment, tapering bluntly at posterior extremity.

Legs: Femur covered with long, sparse hairs; tibia bearing short, stiff, appressed

hairs, tarsus bearing numerous short, stiff hairs, end of tarsi having two small hooks.
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FOURTH IXSTAR.

Fig. 14.

Length 1.21 mm., width of Ijody at widest point 0.44 mm., width of head at widest

point 0.32 mm. Thorax and abdomen light to dark green, head brownish. Eyes lat-

eral and prominent, oval shaped, with hexagonal facet structure, color carmine. Beak
0.56 mm. long, of three joints, terminal joints dark at apex, sucking tube dark V)rown.

Antennto tubular, of four joints, the first slightly swollen; amber colored, pubescent,

hairs somewhat appressed; first joint 0.15 mm. in length, second 0.38 mm., third 0.42

mm., fourth 0.40 mm., total 1.35 mm.
Body: Number of joints as in preceding instar. On dorsum of each joint are short,

sparse, stiff hairs and on the side one short, stiff hair. Body light to dark green, wider

than head at widest point, and tapering bluntly at posterior end.

Legs: Straw colored, femur covered with long, sparse hairs; tibia covered with

numerous short, stiff, appressed hairs; tarsus bearing numerous short, stiff hairs.

Fig. lA.—Halticus citri: Fourth nyiriphal instar,

Greatly enlarged.

Halticus citri: Fifth nymphal instar.

Greatly enlarged.

FIFTH INSTAU.

Fig. 15.

Length 2 mm., width 0.98 mm. at widest point two-thirds of the way back from

anterior end, height or depth of head 0.40 mm., widest point of head over the eyes

0.51 mm. Color of head brownish, of thorax and abdomen pale to dark green. Eyes

lateral and prominent, oval shaped, with hexagonal facet structure, color carmine.

Beak 0.95 mm. long, of three joints, terminal joints dark at apex, sucking tube dark

brown. Antenn;e tubular, of four joints, amber colored, pubescent, more densely at

apex, hairs somewhat appressed; first joint 0.19 mm. in length, slightly swollen;

second 0.64 mm., tubular, slightly enlarged, and brown; third 0.64 mm., tubular,

slender, pale; fourth 0.56 mm., tubular, slender, tapering acutely; total length 2.03 mm.
Body: Abdomen with each joint bearing a short, stiff hair. Body dark green with

dark wing pads, wider than head at widest point and tapering bluntly at posterior end.

Legs: Femur bearing long, stiff hairs; tibia bearing numerous short, stiff, appressed

hairs; tarsus bearing numerous short, stiff hairs.
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LIFE HISTORY AND HABITS.

Difficulty was experienced in securing life-history records during

the months of June, July, and August, because of excessive heat.

Much patience was needed to bring the adults through the months

of January and February, the natural hibernating period. To have

the specimens under close observation it was necessary to confine

them under more or less artificial conditions. The death rate under

these conditions was very high. The combined lengths of the egg,

nymphal, and adult stages under "conditions at Columbia, S. C,
varied with the temperature, being from 58 to 94 days, with an

average of 76 days for all conditions.

Mating usually takes place soon after the individual reaches matu-

rity. In the series of experiments conducted l)y the author it took

place from 5 minutes to 2 hours and 30 minutes after the last instar

matured, usually occurring in the daytime. The time covered in

the process of mating as recorded in a series of six experiments ranged

from 30 minutes to 1 hour and 35 minutes. After mating, the indi-

viduals in each case were observed to move in opposite directions

and seek suitable places for feeding.

The brachypterous females are much more abundant throughout

the year and were used in nearly all of the life-history experiments.

The macropterous female, however, which is very rare, was found

to be fertile and to deposit fertile eggs as does the brachypterous

form.
OVIPOSITION.

During the sprmg, summer, and fall, oviposition begins about 4

days after mating according to Tables VI and VII, and was observed

to take place principally during the night or early morning (see

Table VII).

Individuals of Halticus citri almost invariably oviposit on those

portions of the plant where previously they have been feeding, the

leaves usually being selected with a preference for the upper side

(see Tables I, II, and III). In some instances, however, during the

late fall and winter in cage experiments (see fig. 16) it was observed

that oviposition took place in the stem of the plant and also in the

cork which constitutes the bottom of the cages.
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T -VBLE VI —Incubation records of eggs obtainedfrom onefemale of the garden flea-hopper,

Columbia, 8. C, 1915
Cage 15-631.

Deposited—
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The female assumes the usual feeding position in which the body

is parallel with the surface of the leaf. Apparently after a desirable

place is located with the proboscis a puncture is made; the curved or

swordlike ovipositor is then advanced to the puncture made by the pro-

boscis immediately after the removal of the proboscis; the ovipositor

penetrates the puncture to its full length, and an egg is deposited

in the cavity. After the ovipositor is withdrawn a large drop of clear

fluid exudes from it, covering the exposed truncate end of the egg.

The process of oviposition requires about 15 to 20 seconds, only

one egg being placed in each hole.

EFFECT OF TEMPERATURE ON OVIPOSITION.

It was found that oviposition ceased when the temperature fell

below 70° F., and there were no records of oviposition at tempera-

tures above 90° F. In a number of cages (fig. 16) each containing two

male and one female flea-hoppers were placed in a well-ventilated

basement room of the laboratory, the temperature of which ranged

between 75° and 90° F., most of the eggs were deposited in the

daytime when a temperature of about 80° F. was reached, which

usually occurred in the early morning.

EGG STAGE AND PROCESS OF HATCHING.

Several days before hatching the egg changes from its original

pearly white to a pale clay-yellow color, this change being evidence

of its fertility. The color of the egg resembles that of the nymph at

emergence. The shape and position of the nymph, including the

segments of the abdomen, the thorax, the head, the appendages, and

the carmine-colored eyes, are distinguishable under a lens. In the

egg the nymph is found with its head at the truncate end a short

time before hatching, the covering of this end being broken at the

edge or through the middle, and opening, in most cases, like a trap-

door. The head appears through the opening followed by the thorax

and abdomen. The body moves backward and forward in an effort

to disengage the appendages from the chorion. The appendages are

all laid snugly against the ventral side of the body. The proboscis

is the first appendage to be released, followed by the prothoracic and

mesothoracic legs. These are then utilized to free the antennjB and

metathoracic legs. The entire process requires about one hour.

The egg is slightly swollen before hatching. Following the emer-

gence of the nymph the eggshell collapses and is semitransparent

with red pentagonal to polygonal markings. The body and legs of

the freshly emerged nymph are pale clay-yellow color, the antennas

straw color, and the eyes carmine. The egg period was found to

range from a minimum of 6 days to a maximum of 16 days in the

experiments carried out, with an average incubation period of 11

days.
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NUMBER AND LENGTH OF INSTARS.

There are five instars. The length of the instars as well as the

total length of the nymphal life is slightly variable, as may be noted

by reference to Table V. What slight variations there were in the

length of these instars may have been due, in large measure, to differ-

ences of temperature and food supply.

The intervals between each two instars gradually increases as

maturity is reached. There was found to be no relation between
the length of the periods and the sex of the individual.

LENGTH OF LIFE OF THE ADULT.

Adults of Halticus citri lived for from 9 to 94 days in the rearing

experiments, as is shown in Table VIII. The sexual development
was found to be complete as soon as they became adults,

females are shown to have lived longer than the males.

Table VIII.

—

Length of life of adults of Halticus citri.

The

No.
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SPRING APPEARANCE AND NUMBER OF GENERATIONS.

The adults of the garden flea-hopper in the hititude of Columbia,

S. C, usually appear about the middle of March. Much depends

upon the season, however, and they have been found soon after the

host plants become green and spring is well in evidence. The adults

appeared and deposited eggs as early as March 14, 1915, in the field

experiments at Columbia, which was the earliest date recorded of

the discovery of eggs in the outdoor experiments. Eggs have been

secured in the outdoor cages throughout the. year, beginning with

the middle of March and continuing until the last of November.

From five to six generations were reared at the Columbia laboratory.

The length of life of each individual is determined largely by the

length of life of the adult stage, this being the longest period of the life

cycle.

The first generation was found to extend from March 14, 1915,

when fertile eggs were first deposited, to May 15, 1915; the second

generation extended from May 15 to July 12, 1915; the third from

July 12 to September 11; the fourth from September 11 to November

18, and the fifth from November IS, 1915, to February 10, 1916.

FEEDING HABITS.

In almost every instance noted the youngest plants are attacked in

preference to the older and more vigorous growths, and when the

insects start feeding on a plant they apparently continue until all

the sap is extracted, giving the plant a bleached appearance. During

the warm seasons the tendency is to feed at the top of the plants, but

during cool days and seasons they feed rather at the bases of the

plants. It has been noticed that during warm days the individuals

seem to show no particular inclination for protection from the sun

by seeking the shady side of the leaf. When they are disturbed,

however, they immediately seek a place of concealment on the plant

or hop to the ground in quest of protection.

In feeding on the host plant, the individual places itself in a posi-

tion parallel to the surface of the leaf, preferably on the upper surface,

with its legs resting on the surface. Then the proboscis is swung
down from the ventral side of the body to a perpendicular position

and the apex is thrust into the epidermis of the leaf at a point mid-

way between the prothoracic legs, the proboscis is hinged at the

second articulation, the head and thorax being bent slightly down-

ward to allow the first and third articulations to meet, the sucking

tube remains straight as the open sheaths of the second and third

segments leave the sucking tube, and a slight pressure is placed on

the apex of the proboscis. A mechanical procedure ensues similar

to the pumping process, in which the head and thorax move slightly

upward and dowTiward, not sufhciently, however, to straighten the
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second and third joints of the proboscis. Probably in this pumping
procedure the food is taken into the body through the proboscis.

After continuing this process for several minutes at a time the pro-

boscis is straightened and drawn from the tissue of the leaf and swung

to its natural position on the ventral surface of the body for a short

time ; then it is again swung down and cleansed by a stroking process

with the forelegs which clasp the proboscis between the tarsal joints.

After gradually sliding the proboscis through them the insect starts

feeding again.

This habit has been noted alike in all ages of the nymph and adults,

both males and females.

Fig. 16.—Tjqjo of cage used in conducting molting exprriments vvitli the garden (lea-liopper.

PROTECTIVE HABITS.

Both the males and females arc saltatorial, as the metathoracic

legs are much longer and stronger than the others. The male is

found to be decidedly more active than the brachyptcrous female, a

fact probably due to the possession, in addition, of true wings. The

adult individuals generally are active and strong as runners and hop-

pers. When they are only slightly disturbed they hasten imme-

diately for concealment to the opposite side of the leaf of the plant.

If the approaching object, however, appears with a violent disturb-

ance, the individual will hop many times its own length to the ground

or to another plant where immediate protection may be found.
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In a number of experiments different individuals were placed on a

large horizontal screen within the room, and the distance of jumps
made on the screen ranged from three inches to nearly three feet.

In the latter instances they seemingly sustained themselves in the

air by the aid of their wings.

The nymphs of the first stage are not saltatorial until nearly time

for molting; when disturbed, then, they show slight saltatorial ten-

dencies but are usually very quiet even when disturbed, and merely
move slowly to another position on the plant out of danger. They
feed on the same place sometimes through several instars. The last

three or four instars of the nymph have the same habits of locomo-
tion and are as active as the adults.

Type of cage used in conducting rearing experiments with the garden flea-hopper.

REARING METHODS.

Some difficulty was experienced in acquiring a satisfactory and
serviceable rearing cage for the different experiments carried on
with this species. Test tubes (fig. 16) were first used as containers

for molting experiments and lamp-chimney cages for life-history

work. The inaccuracy of the results with these rearing cages neces-

sitated the substitution of one which would be more convenient.

The best results were obtained with rearing cages constructed of 1

and 2-inch glass cylinders with cork bases and cloth tops sealed at

the edges with glue (fig. 17), each cork base containing 9 by 36 mm.
vials with water, and plant food for the insects. The 1-inch cages

were attended with greatest success in molting experiments, while the

2-inch cages were used with advantage in life-history work.
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NATURAL ENEMIES.

Repeated observations have shown that because of the alertness

and saltatorial habits of the nearly grown nymphs and adults of the

garden flea-hopper their chances of being attacked by natural enemies
are somewhat meager. The nymph in the earlier stages, however,
is known to be less active and is frec|uently attacked by the larva of a

small red predacious mite of the family Erythraeidae. The writer

also reared a number of egg parasites which have been determined
by A. G. Gahan as representing the following species;

Anaphes perdubius Girault. Tetrastichus sp.

Gonatocerus sp. Anagrus armatus nigriventris Gir.

Westivoodella americana Ashm. Ahbella subflava Gir.

These species have been reared from the eggs of the garden flea-

hopper collected from the alfalfa fields where the outbreaks occurred,

and the parasites were believed to have rendered an appreciable

amount of good.

REMEDIAL AND PREVENTIVE MEASURES.

Since the garden flea-hopper has an extremely wide range of food

plants, though alfalfa is one of its favorite hosts, rotation as a remedy
would be out of the question. Clean culture, however, to prevent

hibernation in weeds and trash was found to result favorably in

controlling the overwintering adults and is the most adequate means
thus far devised of reducing the numbers of the pest.

In alfalfa fields where outbreaks of the garden flea-hopper occurred

it was observed that timing the removat of the crop so as to destroy

the eggs was a vital factor in control. Although a small percentage

of the eggs is laid near the ground, the larger proportion is deposited

in the delicate leaves and petioles. Some of these leaves containing

eggs drop to the ground, it is true, and in numerous cases these eggs

hatch; nevertheless, timely cutting will remove the larger number,
and this measure is recommended in controlling an outbreak.

DUSTING AND SPRAYING TESTS IN THE FIELD.

A dusting experiment was conducted in one of the alfalfa fields

where an outbreak of the garden flea-hopper occurred, the damaged
crop being cut and removed from the infested field. An area of 100

square feet was selected and treated thoroughly with a mixture of

air-slaked lime and flowers of sulphur in equal proportions. The
mixture was thoroughly applied with a hand duster, one application

being made in the morning and another at midday. Repeated

observations by the writer after the dusting was completed failed to

show that the treatment had been effective on any stages of the flea-

hopper.

In the same field a plat of similar size was treated with a spray

solution composed of potassium sulphid and water at the rate of 1
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ounce of the potassium sulphid to 5 gallons of water, a hand sprayer

of the compressed-air type being used. The plat was thoroughly

sprayed in the morning and also at midday, but even when a stronger

solution was employed there was little appreciable benefit from the

application.

A spray of kerosene emulsion was next tried on three experimental

plats of alfalfa, each having an area of 100 square feet. The alfalfa

had been cut and removed a few days before, and the moist weather

was causing the new crop to grow rapidly. The stock emulsion was
prepared by the following method: One-half pound of laundry soap

was dissolved in 1 gallon of hot water; the solution was then removed
from the fire, and after 2 gallons of kerosene had been added the

material was violently agitated. The table of strengths, as applied

in their order on the three plats, follows:

7 per cent strength, 8^ gallons of water added to 1 gallon of stock solution.

10 per cent strength, 5| gallons of water added to 1 gallon of stock solution.

12 per cent strength, 4^ gallons of water added to 1 gallon of stock solution.

Observations were continued for one day after the spraying experi-

ments were started, and the following results were recorded : The 7

per cent kerosene emulsion was very effective in destroying the

garden flea-hopper in all stages; the 10 per cent solution killed

practically all the flea-hoppers and did not materially affect the

alfalfa; the 12 per cent solution destroyed all of the insects but

damaged the alfalfa crop noticeably.

In the campaign against the garden flea-hopper about 12 acres of

fields where the most severe outbreaks occurred were sprayed with

10 per cent kerosene emulsion with great success. The solution was
applied with an orchard power sprayer having two nozzles, the spray

being delivered from the machine at a gauge pressure of 80 pounds
and covering a strip 18 feet wide. The machine was driven by a team
of mules, and the nozzles were operated by two men at the rear of the

machine. An average of 30 gallons was applied to each acre. The
cost per gallon of the solution was about 4 cents, thus making the

estimated cost per acre $1.20, nothing being added for labor and
machinery, since the farmers had these at their immediate disposal.

Since it was estimated that the yield of hay would be a ton per acre

under normal conditions, and since spraying with kerosene emulsion

as described costs approximately $1.20 per acre and effects an almost

complete saving of the crop, the market price of which has been $20

per ton, this treatment may be recommended as a satisfactory and
economical measure of control.

The only other method of control which effectively overcame the

pest was the plowing under of the infested crop, which was done in

a number of cases where many of the plants had been killed by the
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insect. There are objections to this measure, however, particularly

in fields having a good stand. Much labor and expense are required

to make a seed bed and to crop the land, and a measure which would

involve repetition of these operations would tend to discourage the

growing of alfalfa.

SUMMARY.

One of the most striking hemipterous forms of the family Capsidae

is the garden flea-hopper, Halticus citri Ashm. The male adult has

the typical capsid form with long wings, while the female adult

differs in appearance, being wingless with a convex robust figure

suggesting to the observer a new species. Rarely, female adults are

found which resemble the males in general appearance, except that

they are more robust and have long wings; this form, however, upon

close observation is found to be a trifle larger with a more robust body
together with a more perfectly shaped head and thorax, and its

genitalia resemble those of the wingless female.

The individuals hop and jump about in the meadow in the manner

of leafhoppers. The males are more active than the females, prob-

ably because they have functional wings.

In South Carolina and Georgia these insects become abundant in

early summer and continue so until late fall, when they gradually

disappear, the older individuals dying and the younger seeking hiber-

nation quarters under or at the base of their favorite host plants and

in protected places such as fences, terraces, or shrubbery.

Both nymphs and adults suck sap from punctures made in the

leaves, petioles, and stems of the plants, causing discoloration, wilting,

and, in severe infestation, death.

Leguminous plants appear to constitute its favorite foods and

places for breeding, although its range of host plants is extremely

wide.

The eggs are deposited in the leaves and petioles of the food plants,

usually in places where adults have been feeding.

The incubation period of the egg at Columbia, S. C, covered from

6 to 16 days with an average of 11 days. The five instars of the

nymph stage together cover from 10 to 18 days with an average

of 14 days. The combined length of nymph and adult stages was

25 days.

In the latitude of South Carolina there are from five to six genera-

tions annually. The species was found to hibernate in the adult stage.

The garden flea-hopper is little affected by natural enemies, but

changes in weather reduce its numbers during the winter months.

Hibernation and subsequent multiplication are prevented where

weeds and plants that remain green late in the fall and resume growth

in the spring are cleaned up in the fall and destroyed.
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In the case of severe outbreaks of the garden flea-hopper it is ad-

visable to cut and remove the invaded crop and then spray the field

with a 10 per cent solution of kei-oscno emulsion.
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INTRODUCTION.

Supposedly introduced into the United States at the close of the

nineteenth century the Argentine ant {Iridomyrmex humilis Mayr)
has since become widely distributed through the more temperate

regions, where its complete occupancy, in long-infested localities,

and its omnivorous habit bear an important relation to crop pro-

duction and food storage and rank it as one of the most annoying of

household pests. Its discovery in 1908 in cities bordering San Fran-

cisco Bay resulted in the initiation of a control campaign under the

direction of Prof. C. W. Woodworth, of the University of California,

and subsequently led to the development of an arsenical poisoned

sirup of considerable merit.

The Argentine ant was recorded in citrus orchards in California

almost from the date of its reported presence in the State. It

appeared to cause no alarm to orchardists, however, usually remained
unnoticed except about the buildings, and where observed was classed

1 Photographs by senior writer; figure 3 drawn by Miss A. Hotter. Mr. Woglum resigned from the

Bureau of Entomology September 11, 1920.

48155°—21-Bull. 965 1
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merely as "an ant" whose presence was believed in no way detri-

mental to the trees. The role of the Argentine ant as an orchard

pest in California was discovered by Mr. J. D. Neuls and the senior

writer in 1915 while conducting an investigation of the conmion
mealybug, and its very direct bearing on the control of the mealybug
was conclusively proved by an extended series of experiments. This

immediately led to an investigation into methods of ant control with
which the junior writer became associated in 1917. The great success

which attended these experimental efforts led to control demonstra-
tions of considerable proportions in severely ant-infested communi-
ties and proved a stimulus to widespread interest in the pest. The
demand for relief which followed this awakened interest has already

resulted in the treatment of several thousand acres, from a very large

part of which the ants have been totally eradicated. This bulletin

presents the results of the various remedial methods pursued during

the period 1915-1920 and gives full instructions for the control and
eradication of ants in the citrus orchards of California.

RELATION OF THE ANT TO THE CITRUS INDUSTRY.

The spread of the Argentine ant in California bears an important

relation to citrus growing, a relation certain to become more promi-

nent with wider distribution and long-established infestations. The
very severe damage which this pest can sometimes do in citrus

orchards has been impressively stated by Newell and Barber ^ as

follows: The bearing qualities of an orchard are severely impaired

by the second season of infestation, the crop is almost entirely lost

by the third season, and the trees are dying by the fourth year of

infestation. This conclusion is based on conditions in Louisiana,

and in this respect it should be noted that no systematic effort is

made in that State to control citrus scale pests. Such extreme

damage has never been observed under California orchard conditions

where fumigation and other insecticidal control measures are prac-

ticed constantly.

The damage to trees in ant-infested orchards in California does not

arise from direct attacks on the blossoms, fruits, and roots, as has

been reported from some regions, but is attributable very largely

to its so-called symbiotic manner of living with mealybugs, aphids,

and various scales, which results in their increase beyond all custom-

ary proportions. The constant attendance of the ant protects the

mealybugs or scales from their natural enemies and results in their

abnormal increase. (See fig. 1.) The degree of infestation is

further stimulated and extended through the fact that the ant

distributes these injurious insects to other parts of the tree or even

'Newell, Wilmon, and Bakber, T. C. the argentine ant. U. S. Dept. Agr., Bur. Ent. Bui.

122, p. 192. 1913.
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to adjacent trees. The chief damage done by the Argentine ant in

Cahfornia citrus orchards has been through its relation to mealybug

infestations, particularly the common mealybug, Pseudococcus citri

(Risso). Prior to the reported presence of this ant in the Southwest,

one species of mealybug was recorded as a serious citrus pest in only

three or four limited districts, where it was characterized by sporadic

outbreaks which would quickly disappear. In the last decade,

which is contemporaneous

with the Argentine ant inva-

sion, the severe infestation

of the common mealybug has

increased many hundred per

cent and districts have been

invaded from which mealy-

bugs were never before re-

corded.

In the course of investiga-

tions under the direction of

the senior writer to establish

effective control of the com-

mon mealybug, Pseudococcusi

citri (Risso) , it was discovered

that the Argentine ant not

only brings about increased

severity of infestation but

causes the mealybug to per-

sist year after year. It was
furthermore discovered that

the common mealybug was
attacked by many predatory

insects, some of such high

efficiency that in ant-freed

territory they were capable

of keeping the mealybug un-

der commercial control ex-

cept at those infrequent periods normal in the "ups and downs" of

biologically controlled pests. Demonstrations carried out in several

mealybug-ant infested orchards in the San Gabriel Valley during the

years 1915 and 1916, in which alternate rows were kept free of ants,

proved that trees rid of ants quickly become freed of mealybugs,

although on adjacent ant-attended trees the mealybug infestation

persists. The results of these demonstrations are verified by the

fact that in every experiment performed by the WTiters during the

period of 1915-1920 equally good results have been obtained. The

Fig. 1.—Ants attending a group of mealybugs. Their

almost constant presence protects the mealybug from

its natural enemies.
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eradication of the ant in every instance resulted in a reduction of

the mealybug infestation to commercial control within a period of

from 1 to 3 months. This has been largely due to the increased and

unrestricted activity of predatory insects already established.

The citrophilus mealybug, Psendococcus gahani (Green), was first

recorded as an orchard pest in 1914 and has never been observed as a

severe pest in citrus orchards except in localities infested with the

Argentine ant.

The influence of the ant on increased severity of scale pests, while

less important than on mealybugs, must be considered. The black

scale, Saissetia oleae (Bern.), and soft brown scale. Coccus hesperi-

dum L., have been observed to become decidedly more numerous on

trees attended by large numbers of ants than in other parts of the

same orchard entirely free of the ants. Trees severely infested with

the soft brown scale have been rapidly freed by the action of pari-

sitic insects following the control of this ant.

It is entirely possible that the Argentine ant distributes fungous

and bacterial diseases, although no specific evidence has been noted.

Attracted as they are by the honeydew of insects, their habit of

carrying this and various other substances, both animal and vegetable,

their colonization and movement over the ground, and their constant

attendance to all parts of the trees offer ready means of distributing

brown rot, gum disease, and other maladies of citrus. In this con-

nection ants would appear to be especially deserving of attention in

pear orchards through their possible relation to blight.

OTHER RELATIONS.

Beekeeping in sections heavily infested with the Argentine ant is

most difficult and proves successful only after a strenuous campaign

is instituted to control or exterminate the pest. The ant is exceed-

ingly fond of honey and, furthermore, attacks the bee larvae. The
ant's small size, great numbers, and persistent effort to reach desired

food make it an enemy with which the bees are unable to cope long.

As a household pest the Argentine ant has proved particularly

annoying. It invades all parts of the house in search of food, and

the intolerable conditions brought about in heavily infested districts

render the houses less desirable for places of residence.^

DISTRIBUTION.

The Argentine ant appears to have been first noted in California

in 1905 by Dr. E. S. G. Titus, at Ontario, although it did not come
into prominence until 1908, when a general survey of its dis-

3 The role of this insect as a household pest has been fully described by Mr. E. R. Barber of this

department in Farmers' Bulletin 1101. United States Department of Agriculture.
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tribution was made by Prof. C. W. Woodworth, of the University of

California. It was then reported as widely distributed about the San
Francisco Bay region and in Southern California at Azusa and Upland.

By 1910 the total territory involved was estimated at 4,000 acres in

northern California and 1,000 acres in the southern part of the vState.

During the 10 years intervening between the second survey of Prof.

Woodworth and to-day this ant has greatly extended its area of

occupation, spreading into the great interior valleys of northern

California, and including within its limits localities in every county

in the south excepting one, as follows: Los Angeles, 39; San Bernar-

dino, 8; Riverside, 4; Ventura, 5; Santa Barbara, 5; Orange, 10;

Fig. 2.—Present known distribution of the Argentine ant in Southern California.

San Diego, 6. Two heavy infestations have been observed on

Catalina Island, off the mainland of Los Angeles County. (vSee fig.

2.) The infested territory appears to fall for the most part within

cities and towns, although the country acreage concerned is very

large, between 8,000 and 10,000 infested acres being known in citrus

alone.

Elsewhere in the United States the Argentine ant has been reported

to occur in settled localities throughout the Southern States, being

established as far north as Nashville, Tenn., and Raleigh, N. C.

First described from Argentina it has since gained a foothold in other

parts of South America, in the Madeira Islands, South Africa, and
Germany.
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CHARACTERISTICS AND HABITS.

The Argentine ant, like most other species of ants, forms definite

colonies or ant communities under the surface of the ground. The
colony or nest is an elaborate system of galleries and cells, closely

connected, with usually only two or three openings to the surface.

Though the galleries may
cover an area of over 10

square feet they seldom

are more than 8 or 10

inches in depth. Colonies

are located in places which
will afford protection from

excessive moisture and
give the proper warmth;
in orchards during the

winter they are invariably

on the sunny south side

of the trees, usually just

beyond the drip of the

branches, but in summer
they are more often on the

east or north margin. In

a well-infested orchard

under cultivation each

tree has a definite and
complete colony. The fa-

vorite places for colonies

about a residence are un-

der cement sidewalks, the

foundations of the build-

ings, a pile of rubbish,

the compost heap, or a

chicken yard.

The size of the com-

munity varies greatlywith

the season, the food sup-

ply, and the age of the col-

ony. In a normal summer colony the ants will be found in all stages

of development—eggs, larvae, pupae, workers, males, and females

—

and the colony responds quickly to warm days and an abun-

dance of food by increasing its numbers. If the colony grows

rapidly and the food supply warrants it, or if the food supply

is some distance from the main colony, a new community will

be started nearer the source of supply by a migration of part

of the former colony along the trail established. This expan-

FiG. 3.—The Argentine ant: a, worker; 6, male;

(Greatly enlarged.)
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sion of the colony usually occurs in the early spring and summer
months. In the late fall (November) the outpost communities are

usually abandoned and large central winter colonies are formed in

more favorable locations having better drainage and sun exposures.

The activities in these communities are limited, fewer workers are

sent out in search of food, the male form disappears, reproduction

almost ceases, and the number of ants is reduced. Several colonies

dug up in December, 1919, and January, 1920, showed a large num-
ber of workers in the colony with only a light trail going out in search

of food, a number of females, no males, few if any eggs, a few matured
larvae, and numbers of pupae. Renewed activities in these colonies

and the division of the central colony usually occur in early April,

though the time may vary somewhat with the season.

As stated, the summer colony is composed of three distinct forms

of adults—workers, males, and queens. (See fig. 3.) The workers

gather the food and attend to the labors of the community and are

simply imperfect females with no reproductive capacity. They
greatly outnumber the other forms and are the ones most commonly
met with. The males, always winged, are the drones of the colony

and have only one function, that of fertilizing the queen. The queens

are the reproducing females and for a short time during the mating

period are winged. They remain in the nest most of the time, but

occasionally may be found out in the trails—a characteristic of this

species (fig. 4) . It is absolutely necessary that a fertilized queen ac-

company a number of workers if a new colony is to be established, as

the workers alone have no means of reproduction.

The winters in southern California, though occasionally wet enough
to retard the development of the ant colonies and force them to win-

ter quarters, are so often broken by short, warm spells and the aver-

age rainfall is so light that trap nesting has proved ineffective and
seldom are any of the colonies destroyed by excessive moisture.

The preferred food of the ants in orchards is the honeydew secreted

by certain scales and aphids, the honeydew from blossoms, and the

bodieS'-of certain soft-bodied insects. The workers are very active in

collecting this food and may be observed returning along the trail

from a foraging expedition, their abdomens greatly distended with

liquid food, or their strong mandibles securely clasping their prey.

About residences the ants are more or less scavengers, feeding on bits

of food wherever they can find it, but frequently invading pantries

and even ice chests in search of meats, sugar, sirups, fruit, etc. Their

trails may be extended to any part of the building in search of food

and often during the first few hot days of summer the ants storm

the house.

An interesting feature in the distribution of this ant is that it has

completely replaced all native species, with possibly two exceptions.
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wherever it has become estabUshed. Only on the margins of the
Argentine ant infestations does one find colonies of the native Pre-

Characteristic trails of the Argentine ant on a tree trunk.

nolepis, Formica, and others. They have repeatedly been observed
to dislodge the large red agricultural ant (Pogonomyrmex californicus

Buckley) from its nest, though sometimes this species persists for a
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considerable period. Often after the Argentine ant has been eradi-

cated in an orchard by control means the native ants will come in, but

gradually the area will be retaken by the imported ant unless pre-

vented. In comparison to this it is interesting to note the social

habits of Argentine ants among themselves. They do not fight one

another nor do members of different colonies disagree. In fact, trails

from different colonies often converge and an interchange of workers

may take place.

The workers are active throughout the day and night and feed al-

most continuously if not affected by temperature conditions. On
cool, foggy, or frosty mornings with a temperature below 50° F. the

activity of the ants is greatly retarded and they become slow and

sluggish in their movements. Small colonies become almost inactive.

Only a small percentage of the workers leave the colony to forage, the

majority remaining to protect and care for the ant nest.

CONTROL.

The development and spread of the Argentine ant appear to be

governed very largely by food supply and meteorological conditions.

From natural enemies such as exert a restraining influence on most

injurious insects this species is remarkably free and no record of even

temporary control by this means has come to notice in the history of

the pest in this country. Therefore, artificial control is the one

source of relief once the ant has become established.

The first efforts toward control of the Argentine ant on citrus trees

in southern California were made in July, 1915, and confined to band-

ing with commercial sticky tree-banding material, a substance

widely used to prevent insects ascending plants. Further experi-

ments in repressive measures, including the use of the sticky mate-

rial compounded with other substances, banding with corrosive-

sublimate tape, and the use of pyrethrum and sodium fluorid, were

carried on until the appearance, during the latter part of 1916, of

Bulletin 377 of this department, by E. R. Barber, which presented for

the first time a successful method of ant eradication. The superi-

ority of eradication over control by repressive measures was imme-
diately apparent, and subsequent experiments have been carried out

with this in mind.

BANDING.

Sticky Tree-Banding Material,

experiment 1.

During the latter part of September, 1915, an experiment with

sticky tree-banding material was started in an orchard of 1,135 trees,

each of which was attended by heavy trails of ants. Bands 3^ to 5

48155°—21—Bull. 965 2
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inches in width were applied directly to the trunks and the ants

above the bands removed by the use of insecticides. Inspections

were made at least biweekly for a period of six weeks following the

start of the experiment and these bands were refreshened at the

time of inspection and the ants removed from the body of the tree.

During the course of the experiment upward of 70 per cent of the

trees became reinfested. The cost for labor and materials to keep

the ants in this 10-acre orchard under control by the use of bands
amounted to approximately 15^ cents per tree, proportioned as

follows

:

Labor for pruning and banding 1,135 trees .$75. 00

Sticky tree-banding material 22. 80

Labor for inspection and treatment for ants 60. 00

Material for ant treatment 10. 00

Hand pump 10. 00

Total cost 177. 80

Cost per tree 0. 156

It was quickly determined that constant surveillance and frequent

combing of these sticky bands are necessary to keep trees free of ants.

EXPERIMENT 2.

Another experiment was performed, in which 120 orange trees

were banded with sticky tree-banding material February 21-25, 1916,

after the method used in Experiment 1 . The ants were present in

very light trails, due to retarded development during the winter

months. This experiment was inspected weekly for a period of

four months, at each visit the bands being refreshened where neces-

sary, infested trees freed of ants, and all growth beneath the tree

removed. The results of this inspection are given beneath.

Per cent of

bands crossed.

March 37

April 5

May 10

June 14

The bands in this second experiment proved decidedly more
effective than those in Experiment 1. This is attributable to

several causes. The work was started at a time when the weather

was cool and the ants not numerous. In fact they were not abundant

at any time during the experiment with the exception of a very few

trees on which the bands were not continuously effective. Colonies

were removed to neighboring trees where food was abundant and,

furthermore, the bands were continuously in a good state of repair.

Experiment 1 was started in September when the ants were steadily

streaming up every tree to attend heavy infestations of mealybugs.
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The size of the orchard prevented each band receiving the same

careful attention given in Experiment 2. Instances were noted

during the autumn where the hands on slightly attended trees were

bridged within an hour following the application.

CONCLUSIONS.

The conclusion to be reached from these two experiments is that

the constant attention required to make sticky tree-banding material

an effective barrier to ants on heavily infested citrus trees renders

the method impracticable in orchard work. It might be used to

advantage on a few trees which can be given the necessary attention,

as, for instance, on house lots or about buildings.

The general belief that sticky tree-banding material is injurious

to citrus trees when applied directly to the bark has been found

erroneous. The writers have never seen a citrus tree killed as a

result of this treatment. In 1915, 40 three-year-old nursery trees

were banded. Examination of the bark beneath the bands one year

after application showed the bark perfectly green and healthy. The
sticky material on 100 trees banded in September, 1915, was scraped

off in July, 1916. In no instance was there certainty of injury to

the bark or cambium. Examination of hundreds of trees which

have been banded with sticky material for periods ranging from 1 to

5 years have failed to show definitely a single instance of severe

injury attributable to the bands. A disease known as gummosis is

prevalent throughout southern California especially on heavy soils.

Exudation of gum from this disease, beneath the bands or closely

adjacent, and the accompanying diseased tissues revealed by remov-
ing the band, have been sometimes attributed to the banding with

sticky material, although no cases have been observed where this was
definitely the cause. Applications to trees soon soften the bark

beneath somewhat. After about one year the exposed surface of

the sticky material becomes glazed and by the second year a hard

exterior coating is found and only the substance adjacent to the tree

remains moist and sticky. In due time, depending on the thickness

of the sticky layer, the entire band becomes hard, and subsequently

is broken by the expanding growth of the trunk. The bark where
exposed to the air dries and assumes its normal consistency and
appearance. Heavy bands may require several years to dry.

Possible injury from sticky tree-banding material might arise from
removal of heavy bands within a year following their application or

before they are somewhat dried out. In one case trees heavily

banded in September were scraped the following July. The bark

was so injured by the workmen in removing the sticky material that

a very weak solution of corrosive sublimate was used to disinfect
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the wounds. The ultimate effect was such rapid drying of the

scraped tissues that great flakes of bark peeled off, temporarily

injuring the trees, although they soon recovered. When sticky

bands are to be removed, therefore, this should be done without

scraping the bark and the thin film will assure gradual drying of the

bark without subsequent injury.

AXLEGREASE AND StICKY TrEE-BaNDING MATERIAL.

A mixture compounded of 1 part of ordinary black axlegrease

and 2 to 3 parts of sticky tree-banding material recommended by
J. R. Horton * was tried on a large number of trees in different

localities. This material proved inferior to undiluted sticky material.

A few hot, dry days in summer usually caused sufficient hardening

of the surface for the ants thereafter to cross at will.

Sulphur and Sticky Tree-Banding Material.

By far the most satisfactory "tree-sticky" substance tried was a

mixture of sulphur and commercial sticky tree-banding material in

the following proportions :

'

Finely pulverized flowers of sulphur parts by weight. . 1

Commercial sticky tree-banding material parts by weight . . 6

The two materials should be thoroughly mixed until of a uniform

consistency. In small quantities this should be done with a wooden
paddle, although for large amounts that method is too slow and costly.

The most satisfactory method observed by the writers for preparing

large batches was a turning machine such as a lathe to which was
attached a large corkscrew arrangement. A gallon pail partly filled

with the proper proportions of ingredients could be mixed to proper

consistency in a few minutes and with little effort. The attempt

of one orchardist using a shovel to prepare the mixture in 100-pound

lots naturally gave a very unsatisfactory mixture, with the sulphur

in lumps, rather than a smooth, consistent mass as desired.

After preliminary experiments had proved that the bands of

sulphur and sticky material were superior to all other tree-banding

materials used, they were given a very extensive tryout over two
seasons under widely differing climatic conditions. The results

were variable. In one experiment in which 42 large trees had a

heavy 5-inch band applied May 1, only 2 had been crossed by
August 14, a period of 3^ months. Three adjacent plots comprising

a total of 208 trees, for the most part with limbs 3 to 4 inches in

diameter, were treated with bands 2 to 2^ inches wide. From 18 to

34 per cent of these bands were crossed within one month. In

^ Horton, J. R. some weatherproof bands for use against ants. In Calif. State Comm. Hort.

Monthly Bui., v. 5, no. 11, p. 420. 1916.

'•> Horton, J. R. Op. cit.
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another case of several hundred trees banded with a poorly prepared

material, showing granules of free sulphur, a very large proportion of

the bands were crossed within a few days following the application.

Experience has shown that heavy 4 to 5 inch bands of a mixture of

sulphur and sticky banding material thoroughly protected from the

sun will keep in good sticky condition during dry weather for a period

of 2 to 3 months, or even longer. If exposed to the sun at all, a

dry film quickly forms and the ants cross at will. Furthermore, the

direct sun causes the material to become very soft and to run down
the trunk.

Although there is no particular reason why the addition of sulphur

should cause the sticky material to be injurious to the bark of a tree

the precaution was taken in all our experimental work to apply first

a protective substance. (See fig. 5.) At first 3 to 4 inch bands of

oilcloth were applied to tree trunks by means of adhesive tape

attached to the upper and lower surfaces, and the tree-banding

substance was applied to this band. The difficulty experienced in

covering irregular tree trunks with such bands led to search for an

innocuous substance that could be painted onto the trunk and the

most satisfactory material tried was paraffin. This was first melted

and kept at a temperature just above the melting point when applied

to the tree trunk. A paint brush proved satisfactory for the work.

The paraffin under no circumstances should be at a very high tem-

perature, else it will penetrate deeply into the bark. The require-

ment is a superficial layer. While the ordinary grade of paraffin

recommended for home canning proved satisfactory in thoroughly

shaded trees in the coastal districts, in the warm interior valleys, on

tree trunks sometimes reached by the sun, they melted on the

sunward side and deeply penetrated the bark, causing considerable

injury. This necessitated the use of a paraffin with high melting

point, one exceeding 130° F. Such paraffins are purchasable of oil-

refining companies or dealers in technical supplies. The caution

should he observed, however, that under no circumstances should trees he

handed with sulphur and tree-handing sticlcy material over a paraffin

hand in situations readied hy the direct sun.

In 1916 the average cost per tree banded with this mixture was
7 to 8 cents, exclusive of removing the weeds beneath the trees and

pruning the branches. At present the cost would approximate

15 cents.
Pyrethrum and Sodium Fluorid.

Sodium fluorid and pyrethrum were used singly or in mixtures

and applied to the crotches of trees or on cotton bands around the

trunks. (See fig. 6.) The cotton bands usually rid the trees quickly



14 BULLETIN" 965, U. S. DEPARTMENT OF AGRICULTURE.

Fig. 5.—Keeping ants oil citrus trees. A 5-inch band of sulphur and commercial sticky tree-banding

material over a wider coating of paraflln. (Woglum and Neuls.)
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of ants but their effectiveness was lost upon exposure to the

weather. Once wet these insecticides are valueless. These powders,

especially the pyrethrum, singly or in combination with the sodium

fluorid, are decidedly repellent to ants and quickly cause death

once they come well in contact with their bodies. The fact

that their strength is soon lost on exposure to air restricts their

usefulness.

The following experiments demonstrate the comparative efficiency

of these substances used singly or in combination. Breeding cages

containing a large amount of mealybug-infested lemons and potato

sprouts were heavily attended by ants which entered in steady

streams along the legs. The legs were set in tops of fruit jars contain-

ing a small amount of sodium fluorid powder. Ants continued to

cross in limited num-

bers for about one

hour before the trails

were completely bro-

ken up. No dead

ants were found.

Pyrethrum powder

was sprinkled about

the legs of one cage,

stopping the trails

almost immediately.

Dead ants began to

pile up in the powder
and on the floor about
the powder.

A mixture contain- '^"^" 6.—Repellent ant powders: a, Pyrethrum: b, pjTethrum 30 per

, cent, sodium fluorid 70 per cent. Shaker and blower for applying.
mg pyrethrum 1 part,

sodium fluorid 7 parts, and plaster of Paris 2 parts, was dusted

about the legs of a breeding cage attended by ants with effects

about as satisfactory as with pyrethrum alone.

Corrosive Sublimate Ant Bands

Corrosive sublimate has long been known to possess merit as a

repellent to ants and this fact has been utilized in protecting materials

from these pests. A common method is to soak narrow strips of

cloth in a saturated solution of this chemical and use these as barriers.

The saturated solution is best prepared by heatmg about H ounces

of corrosive sublimate in an ounce of water until the maximum
amount is dissolved. The solution is then allowed to cool, is filtered,

and the cotton band or tape is soaked in it for several hours. The

tape is then removed, allowed to dry, and is ready for use. This

amount of solution is sufficient for from 10 to 12 yards of f-inch tape.
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Several small nursery trees infested with the cottony-cushion

scale, Icerya purchasi Maskell, attended by ants, were banded with
such tape to determine its effectiveness against the ants, as well as

its effects on the trees. The trees were quickly freed of ants and
remained so throughout the experiment. The tape, however, soon

killed the bark down to the wood and the trees ultimately died.

Fourteen large orange trees were banded with mercuric bichlorid ant

tape on September 10, 1915, the tape being wound around the tree

several times to form a band several inches wide. The bark was
protected from the band by heavy paper. On October 10, one month
after the bands were placed, an inspection showed that 5 of the 14

bands had been crossed. These had been rendered ineffective by
heavy fogs.

The great danger attendant upon the use of corrosive sublimate,

its ineffectiveness when exposed to moisture, and its high cost render

this substance generally impractical for repelling ants. It is, how-
ever, of special value for protecting apiaries which are seriously

troubled by this pest. Newell and Barber," working in Louisiana,

invented a four-legged hive stand from which they were able to keep

the ants for many months by winding ant tape about the legs. The
writers have tried a similar stand under California conditions with

success, even where honey and other substances attractive to ants

were profusely scattered over the top. Equally satisfactory with the

ant tapes was found a mixture of mercuric bichlorid and shellac

which could be applied directly with a brush. A formula adapted

from Horton ' consists of

:

Corrosive sublimate gm. .20 or oz. .|.

Alcohol cc . . . 60 or oz . .2.

Shellac gin..31 or oz..l.

The corrosive sublimate is first dissolved in the alcohol, then the shellac added,

and the mixture shaken until all is dissolved.

Freeing Trees of Ants After Banding.

Freeing trees of ants after banding is an essential part of tree isola-

tion. Heavy infestations of ants at the time of banding will some-

times form a crossing over bands of sticky material from the accumula-

tion of entangled bodies of ants which have attempted to escape from

the tree. With corrosive sublimate or ant powders such attempted

crossing in no way affects the efficiency of the bands; in fact, on such

banded trees ants usually drop off before making an attempted

crossing and the trees become free of ants unless colonies are already

present in cracks or accumulations of debris in the crotches. Many

6 Newell, Wilmon, and Barber, T. C. Op. cit., p. 88-91, figs. 11-13, PI. VII.

'Horton, J. R. the argentine ant in relation to citrus groves. U. S. Dept. Agr., Bui. 647,

p. 64. 1918.
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large trees support aerial colonies during the warm season and not

infrequently colonies have been noted in midwinter.

Several methods of freeing })anded trees were tried. The first

method was to spray the trunk and main branches with such insect-

icides as carbolic-acid emulsion or distillate emulsion immediately

after banding, the application being made with a compressed-air

pump holding 3 gallons. This proved too slow and ineffective, as

ants are actively engaged throughout the tree during the day. It

was soon observed that the (>arly morning was the proper time to

Fig. 7.—Plumber's torch for applying certain sprays to rid a banded
tree of ants.

destroy the ants above the bands, for they are sluggish at the cool

temperatures and have the habit of congregating in crotches or in

their aerial nests. The compressed-air pump was soon discarded

in favor of a plumber's hand torch (fig. 7) , in wliich gasoline or a weak
cyanid solution was used as a spray. This in turn gave way to the

use of pyi-ethi'um or other ant powders which proved simple of appli-

cation, economical, and immediately effective. Nests in tree crotches

or elsewhere could be quickly freed by a single application, and for

this purpose either a small bellows or shaker (fig. 6) proved satis-

factory.

48155°—21—Bull. 965 3



18 BULLETIN 965, U. S. DEPARTMENT OF AGRICULTURE.

Summary of Use of Repellents.

Although the writers' experience with banding demonstrated that

trees could be kept freed of ants by careful and, diligent effort, it was
apparent that the constant attention needed for success would not be

forthcoming where large acreages were concerned. Furthermore,

the method of pruning followed in some orchards produces trees so low
that growers seriously object to removal of the large amount of growth
necessary for tree isolation except at the trunk. Even after pruning

the increasing weight of the fruit weighs down the branches and culti-

vation frequently breaks small twigs which demand additional atten-

tion. Grass and weeds quickly spring up beneath the trees and in

contact with a tree leaf furnish a bridge which is invariably dis-

covered by the ants. In fact the ants may find access to a tree by
way of a blade of grass which comes in contact with a leaf of the tree

momentarily stirred by the wind. . In one case a branch of a banded
tree rested against a telephone pole and gave a means of reaching

the tree. The branch was pruned and the telephone pole banded,

yet the infestation persisted. It was finally discovered that the

ants crawled along a guide wire to the top of the telephone pole, and

thence down to a part where a single leaf momentarily touched the

pole as moved by the wind. This was the signal for the persistent

little pests quickly to mount the leaf while others moved to the pole.

The glazing of sticky bands where exposed to the sun, the accumu-

lation of falling petals during the blossoming season, the spattering

of dust over the bands during rains, or the washing down of dust,

leaves, broken twigs, and the materials collected during heavy wind-

storms, all contribute to render banding with adhesive mixtures im-

practical over large acreages. In spite of all these drawbacks bands

can be made to serve a useful purpose on limited numbers of trees,

especially about yards where necessary attention and renewal or

respreading can be given. It should be borne in mind, however, that

banding merely repels without destroying ants, and destruction is

what is actually required.

TRAP NESTING.

The discovery that large boxes filled with decaying vegetable

matter would attract ants in numbers in winter induced Newell

and Barber to try this plan in infested orange orchards in Louisiana,

and their efforts were reputed to have met with great success in re-

ducing the infestations. The trap boxes were subsequently fumi-

gated and the ants destroyed. Horton^ also recommended the use

of trap nests as by far the" best and most practical means of destroying

the Argentine ant in the orange groves of Louisiana. The great

3 HORTON, J. R. CONTROL OF THE ARGENTINE ANT IN ORANGE GROVES. U. S. Dept. AgF., Farmers'

Bill. 92S, p. 12-lfi. 191S.
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success attending this method in the Southeast induced the writers

to conduct an experiment under the more arid conditions in the vSouth-

west.

A 10-acre orange grove at Uphmd, Cahf., very severely infested

with Argentine ants, was sehn-ted for the experiment. Five-gallon

tin coal-oil cans (9i by 9J by 13^ inches) were used for traps (see

fig. 8), being much cheaper than the wooden boxes, and affording

complete protection from rain or winds. One end was cut along three

Fig. 8.—Winter trap nest, consisting of S-gallon oil cans filled with

nesting material, in place at base of tree.

sides and this acted as a flap over the entrance of the can, protecting

it from beating rains. Three hundred and fifty cans were used, being

divided into seven lots of 50, each lot containing a different filler.

These were respectively green grass and dirt, green grass, green alfalfa,

dry straw, wet straw, moist dirt, dirt, and leaf mulch. The cans were

placed on a side, close up to the base of the tree. Approximately 3 of

the 10 acres were reserved as a check, the remaining 7 being covered

with ant traps, one to each tree on about 3 acres and one to every

other tree on the remainder. These were placed December 1, 1917.
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An inspection February 7, 1918, showed that some ants had colonized

in the cans, but in the absence of heavy rains the ants were continuing

largely in their ground colonies. A final inspection March 18, 1918,

showed that only 41 per cent of the cans contained nests, and these were

for the most part small. Many colonies were found in the ground

beneath the cans or even at the base of the trees near the cans; in fact,

in all cases the preponderance of ants in the orchard appeared to be

outside the cans. The cans were fumigated with carbon disulphid

inmaediately following the final inspection. An inspection of the

entire grove in May showed the ants as prevalent in the part over

which ant traps were distributed as in the check plot, thus demon-

strating the futility of ant control in California by the trap-nest

method recommended for Louisiana.

A second experiment in an adjacent grove with 50 trap boxes

during the same winter gave no better results.

The success of trap nesting, as pointed out by Newell and Barber,

depends upon rainy weather. The winter of 1917-18 was a warm
and open one with light rains, and this resulted in ants being more

or less active in southern California throughout the season. It is

very probable that in a colder winter with heavy rains trap nests

would be more successful. Even under the most ideal conditions

for trap nesting, however, this method would be less efi'ective and

more costly than the poisoned-sirup method later taken up in this

publication.

POISONED SIRUPS.

Eradication is the ideal to be sought with any pest and particu-

larly does this apply to the Argentine ant. Once the ant is eliminated

from a grove, future effort can be restricted to protecting the borders

from invasion from neighboring property. The most effective

method of eradication tried in California has been the use of a

poisoned sirup, which is eaten by the ants. For the most part

arsenic in some form constitutes the toxic substance of such a poison,

although a few nonarsenicals have been used.

In all orchard work small containers of tin or paraffined paper

were used, partly filled with sirup and hung one to a tree, the ants

entering through small holes in the sides.

Chloral Hydrate.

Chloral hydrate was recommended by Horton ^ as the best poison

for orchard use. It is prepared as follows:

Make a sirup by stirring 8 pounds of granulated sugar in one-half gallon of cold

water until dissolved, making 1^ gallons of sirup. Then add 4^ ounces of chloral-

9 Horton, J. R. .control of the argentine ant in orange groves. U. S. Dept. Agr., Farmers'

Bui. 928, p. 19. 1918.
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hydrate crystals, previously di8S()l\(;<l in a small quantity of water, and about one-

half pound of strained honey.

On July 22, 1918, an orchard experiment was started in which

2-ounce spice tins about one-third fdled with chloral-hydrate sirup

according to the foregoing formula were hung on 48 trees attended

by heavy trails of ants. The ants fed on this sirup greedily when

first distributed and continued feeding freely throughout the dura-

tion of the experiment, which was five months. The sirup started

crystallizing about one month after being distributed and within

six weeks most of the containers were partly filled with large crystals

resembling rock candy. Although the sirup proved attractive, it

did not appear to reduce the numbers of ants more rapidly than

they bred, for ants were almost as numerous at the completion of

the experiment as at the beginning. The tendency of this sirup to

crystallize and its only partial action against ants show it to be not

fully satisfactory as a poison.

Arsenical Poisons.

Arsenic in large quantities acts as a repellent to ants and its

earliest use against the Argentine species was based on this action.

Woodworth, experimenting later with this insect in the San Fran-

cisco Bay region of California, obtained success in control by the

use of an unboiled sweetened poisoned sirup containing about one-

fourth of 1 per cent of sodium arsenite.

In 1916 E. R. Barber "' published the results of his efforts against

the ant in Louisiana with an improved arsenical sirup and showed

for the first time that eradication was possible over extensive areas.

This system immediately appealed to the senior writer as offering a

more practical solution of the ant problem in California than banding,

which he had previously been using, and accordingly an experiment

in controlling the ants about the laboratory was started in October,

1916, and met with marked success. In December, 1916, an

orchardist, who had observed the effectiveness of the system installed

on the laboratory grounds, attempted control on his property by
this method. This was the first control attempted in southern

California in a citrus orchard. Others were thereupon induced to

adopt the methods which Mr. Barber had proved eminently suc-

cessful in Louisiana, and at the same time the writers started an

investigation of the use of this poison under California conditions.

This led to experimenting with various other formulas containing

arsenic as the basic poison and the ultimate development of a formula

thoroughly satisfactory under California conditions.

'0 Barber, Ernest R. the argentine ant: distribution and control in the united states.

U. S. Dept. Agr., Bui. 377. 2;5p., 5flp. 1916.
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ORIGINAL BARBER FORMULA.

Orchard A. The owner of a 10-acre orchard of large Valencia and

naval orange trees located at Alhambra in a district? overrun with the

Argentine ant was induced to attempt control by the use of the

poisoned sirup which had proved so successful in Louisiana. This

work was done under contract and the poison prepared according to

the original Barber formula as follows

:

Granulated sugar pounds .

.

15

Tartaric acid (crystallized) ounce. .

.

{

Sodium arsenite C. P do f

Honey pounds.. 1^

Water pints .

.

8

A special 1-pound paraffined paper sack punched with a few small

holes and containing about an ounce of sirup and a 1-inch cube of

sponge was attached to each tree, either on the trunk or one of the

main branches. The orchard was in a state of clean cultivation with

no grass or weeds beneath the trees, and in most cases the lower

limbs were entirely free of the ground, so that the trunk formed the

only means of access to the tree for the ants. The distribution of

filled containers was made on May 14-15, 1917. No inspection was
made at the time of sirup distribution, although during the previous

autumn trails of ants were present on every tree, and a careful exami-

nation in April showed heavy streams of ants on trees in all parts of

the orchard.

Some of the paper bags lost their contents soon after distribution

and these were replaced in the latter part of June. The sirup thick-

ened rapidly during the summer and by the first of August, or proba-

bly two months after the experiment was started, the contents of

many bags had commenced to crystallize or solidify. When this

stage was reached, it was noted that the sirup no longer proved so

attractive to ants. A few bags were refilled in August, and in

September fresh sirup was placed in all containers.

After the sirup was distributed frequent inspections of this orchard

were made throughout the season of ant activity and notes taken on

the progress of the control and eradication. These results were

most encouraging and showed conclusively not only that orchard

control of the ant was possible, but that the ant could be eradicated

by persistent effort.

The experiment began on May 14, with most of the trees in the

orchard heavily attended by trails of ants; by May 22, or within a

week's time, these had been reduced to only 26 per cent with trails;

and within two weeks to 11 per cent. By July 19, or two months
after the poison was distributed, the ants had either been entirely

destroyed or reduced to within the limits of control on 98 per cent
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of the trees in the orchard. With tlio approacli of the middle of

August the ants were practically controlled throughout the orchard.

Progress (fig. 9) jg naturally slower from the standpoint of eradi-

cation than of control. For the first month eradication of ants

from trees was constant and rapid, 52 per cent of the entire orchard
heing freed within this time. Then eradication slackened and for the

succeeding 6 weeks made no noticeable gains. By the middle of

August an increased number of trees were free of ants and this con-

tinued until bv the middle of November ants had been eradicated

ajc
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Table 1.

—

Effectiveness of Barber poisoned sirup in the control of the Argentine
ant in a citrus orchard.
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Crystallization.—The sirup prepared with the formuhi used in

orchards A and B commenced to thicken in from two to four weeks

after its distribution in the orchard and crystalHzation started in

from six weeks to two months. Sirup (Hstributed in the dry cold

weather of late fall was ()l)ser\ ed to crystallize in some cases within

a month. TIk^ sirup proved less attractive to ants as it thickened,

and crystallized sirup was little attended. Although the Barber

formula proved very effective against the ants under conditions where

heavy feeding followed the initial distribution, and control was really

effected during the period of normal stability of the sirup, as was

the case in orchards A and B, weather conditions and normal food

supply of the ants frequently were such that feeding was slight

during the early weeks of distribution. If in such cases the sirup

became crystallized within a month or six weeks following the dis-

tribution its effectiveness against the ants was greatly reduced.

The situation is well presented by the comparison of ant control

in a 10-acre orchard adjacent to orchard B, at Upland. The orchard

consisted of 676 trees, 76 of which were reserved for control by
another system. Ant control by the same sirup as used in orchard B
was started in the remaining 600 trees, which were largely navel

oranges with ant infestation practically identical with that in orchard

B. The distribution took place during the first part of November,

or fully a month later than in orchard B, and the sirup crystallized

within a month after being put out. Although above 99 per cent of

the trees in orchard B were free of ants on March 24, 1918. in this

latter orchard only 65 per cent were in this condition. The differ-

ence in control is attributable to a shorter period of sirup supply.

This crystallization of sirup led to experiments in an effort to secure

a sirup of greater stability and possibly more attractive to the ants.

MODIFIED BAKBER FORMULA I.

Observations indicated that sirup which had become diluted by

rain entering the container was more stable than the more concen-

trated sirup. This led to the use of a modified formula in which the

sugar was reduced from 15 pounds to 12 and the honey increased

by one-half pound to compensate for the reduced sweetness. Experi-

ments with this sirup during 1918 proved it to be as attractive to ants

as the original formula and its stability was greatly increased, for

during the summer it remained without crystallizing for periods up

to four months. This sirup was used over a great acreage during

1918 with marked success. With the approach of cold weather it

was found that this sirup would crystallize, though much more slowly

than the thicker sirup.

Unboiled sirup.—An experiment was started on 50 trees in which

the modified Barber formula was prepared without boiling, the sugar
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being dissolved in lukewarm water, to which the dissolved arsenic and

honey were then added. No tartaric acid was used, for an alkaline

sirup, which might prove more attractive to ants, was -desired.

During the first week the ants fed more freely on the unboiled sirup

than on the boiled sirup in an adjacent plot, and at the end of the

first month both sirups proved equally attractive. The unboiled

sirup then started to turn dark and decompose, after which its

attractiveness to ants was greatly decreased. The boiled sirup, how-

ever, was in perfect condition at the end of the month and its attrac-

tiveness continued. This plainly shows that the unstability of an

unboiled sirup renders it less useful than the boiled sirup.

Saccharin.—The shortage of sugar in 1918 led to experiments with

substitutes, and of these saccharin, supposedly 600 times sweeter than

sugar, was one of the first tried. A formula was prepared using

three-fourths of an ounce of saccharin, 2 pounds of honey, and three-

fourths of an ounce of sodium arsenite to 2 gallons of water. Three-

fourths of an ounce of saccharin is equivalent to 28 pounds of sugar,

and at this rate the sweetness of the sirup was approximately twice

that of the regular Barber formula. This sirup was lightly attended

by ants during the first few days following its distribution, but there-

after proved repellent. Other formulas were made containing de-

creased amounts of saccharin, but in all cases the sirup proved

unattractive to the ants.

Glucose.—Glucose was used in several different formulas as a sub-

stitute for sugar. In no case did it prove as attractive or effective

as the original or modified Barber formulas.

MODIFIED BARBER FORMULA AND CHLORAL HYDRATE.

A sugar sirup with chloral hydrate as the poison proved highly

attractive to ants but did not possess the required killing properties.

It was thought, therefore, that chloral hydrate added to the modified

arsenical formula might increase the attractiveness of the latter to

ants and result in their very rapid eradication. Accordingly, 3

ounces of chloral hydrate in solution was added to 1 gallon of the

arsenical sirup and the mixture distributed in containers on ant-

infested trees. The ants attended the cans slightly at first, but the

sirup proved repellent. Other formulas with greatly reduced chloral

hydrate proved equally repellent.

FINAL FORMULA.

The thickening of the sirup in modified Formula I during the sum-

mer and its frequent crystallization after protracted exposure to cold

weather during the winter led to the preparation of a still more dilute

ant sirup, in which 11 pints of water were used instead of 8 pints as

previously. This new sirup was first prepared during the spring of
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1918, and has since been used on more than 2,000 acres of citrus. It

is of thin consistency and greater stability than Formuhi I. It has

proved very attractive to ants and has been highly effective in control

and eradication It was discovered, however, that fermentation of

this more dilute sirup sometimes occurred, especially in the damper
sections near the coast. This was corrected by the use of benzoate

of soda at the rate of 0.1 per cent.

Preparation of final and most satisfactory formv la

.

—The hnal form-

ula was prepared as follows:
Cost.

Water U pints $0. 000

Tartaric acid (crystallized ) 7 grams OKi

Benzoate of soda 9 grams 029

Granulated sugar 12 pounds 3. 00

Honey, strained 2 pounds 77

Sodium arsenite, C. P f ounce 047

Total sirup, 2^ gallons. Cost per gallon. $1.54."

Put 10 pints of water in a clean vessel over a low fire. WTien tepid add tartaric

acid, then benzoate of soda, and then the sugar, slowly, while stirring to prevent

burning. Measure the depth of the liquid with a stick. Slowly bring it to a boil

and allow it to simmer for from 30 to 40 minutes. Remove from the stove and add

water to compensate for evaporation. Stir in the honey before the mixture cools.

Then add sodium arsenite which has been dissolved in 1 pint of hot water and par-

tially cooled before being poured into the sirup. Stir thoroughly.

It is necessary that great care be exercised in the selection of the

materials used, as well as in the preparation of the sirup. Either

cane or beet sugar may be used. The sodium arsenite should be

chemically pure. The honey should be strained and free of comb.

The sodium arsenite preferably should be dissolved in distilled water

to avoid the precipitation which sometimes occurs if very hard water

is used. Vessels should be thoroughly cleaned before being used for

the preparation of ant sirup, and it is desirable that they be used for

this purpose only. Oils and various chemicals are distasteful or

repellent to ants, and siriip which acquires a flavor of such substances

from the container in which it is prepared or stored may be unattended

by the ants. The stability of the sirup depends much upon the way
it is boiled. If brought to a boil within a few minutes and boiled

vigorously for 30 minutes the stability appears to be much less than

if brought to a boil very slowly and then merely allowed to simmer
for 30 or 40 minutes. Where several times the amount given in the

formula is made in a large vessel the sirup appears to "stand up"
best. This seems due to the fact that the sirup does not come to a

boil for an hour or longer, and this probably results in greater inver-

sion. The sirup should be used when fresh. Clean glass bottles are

best if the sirup is to be stored.

11 With sugar at present prices (about 10 cents a pound) the cost would be only about 82 cents a gallon.



28 BULLETIN 'J65, U. S. DEPARTMENT OF AGEICULTURE.

Containers.

One type of container extensively used was a l-pound paraffined

paper bag (fig. 10.) Well-made paper bags were purchased in large

quantities, punched about 2 inches above the bottom with four holes

small enough to exclude honeybees, and dipped in molten paraffin of

Fig. 10.—a paraffined paper bag in place on tree.

a melting point above 124° F. Paraffin, being highly inflammable,

should be removed from the stove during the dipping. The top of

the bag is held with a pair of curved forceps or pliers, the bag com-
pletely submerged in the paraffin, momentarily drained, and stood
top upward on a greased board or tin. This allows the residue

paraffin to settle well into the bottom, the part where leakage is most
apt to occur. Bags were found to be quite satisfactory and the least
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expensive of all containers. They have, however, certain drawbacks.

They are prone to leak and wherever the arsenical sirup drips on the

bark of a tree injury follows. Therefore it has been found advisable to

hang paper sacks to the trunk or main branches so that no sirup will

drip on the tree. During the rainy season the unprotected paraffined

sacks as used in California collect water and do not stand up well.

A parafTined spice tin on tree trunk.

Ants, however, are for the most part inactive at that time, so control

is seldom necessary during the winter. One great advantage of paper

bags is that feeding by the ants or crystallization of sirup is quickly

detected without removal and opening. Paraffined drinking cups

or other paraffined containers on the market could be used in orchards

for holding ant sirup.
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Sixteen-oimce round baking-powder tins recommended by Barber

were tried in one orchard but proved too large and cumbersome.
Several hundred 4 and 8 ounce tins of the same shape were used in

experimental plots. These proved more satisfactory. In canvass-

ing the market for different types of tins available in quantity at a

reasonable price it was found that the 4-ounce oblong spice tin with

plain cover (fig. 11) met the requirements most closely. Such tins are

crimped without solderings and are not water-tight at the seams. It

was found that dipping these cans in paraffin of high melting point

covered both the inside and outside with a thin, almost invisible

\

\
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Fig. 13.—Types of .yroand traps: n, A small baking-powder

tin with the edge bent to permit passage of ants; 6, a special

ground trap used in California for control about residences.

the main runways of the ants. A small baking-powder can with

friction cover indented in two or three places immediately beneath

the cover to allow passage of ants would prove satisfactory. Such a

can is being used in Louisiana. A very successful lawn trap used

in California consists of a

pimiento can protected by

a, special cover attached to

a 6-inch stake. (Fig. 13.)

A hole is made in the grass

large enough for the can.

The stick is then set into

the ground until the cover

fits firmly over the can.

When these covers are

painted foliage-green and

sunk even with the grass

they are inconspicuous.

The lawn can be mowed or watered without destroying the sirup or

container.

FILLING AND DISTRIBUTINf; CONTAINERS

It has been found most practical to fill the containers in the field.

The cans or bags are prepared beforehand and taken into the orchard.

These are arranged on

trays as shown in figure

14. A gallon can with

a long spout is handy
for filling. In each con-

tainer three-fourths to

one inch of sirup is used

and this in reality aver-

ages about 1^ ounces.

At fu^st small cubes of

sponge were used in each

can or bag to increase

the feeding surface. It

was soon discovered that

the sponges hastened

evaporation and thick-

ening of the sirup and were thus a disadvantage rather than an asset.

A very satisfactory substitute for the sponge was found in excelsior and

four or five clean strands about a foot long were folded very loosely in

the can or preferably suspended from the top, as shown in figure 15.

Under no circumstances should a large, heavy, compact wad of excel-

sior be used. The advantage of the loose strands is that they furnish

an attractive runway for the ants, reduce the likelihood of their

Fig. 14.—a convenient type of tray for field distribution ofpoison

coutaiuers, and a 1-gallon can for holding poisoned sirup.
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becoming entangled in the sirup, and at the same time increase the

feeding area. When folded into a compact mass excelsior is un-
satisfactory and tends to obstruct the free passage of ants, and
furthermore absorbs much of the sirup unless the can is well filled.

Excelsior has entirely displaced sponges in California.

After the spice tins or bags are filled, the

tops are put on or the upper part of the bag
folded, and they are then ready for attachment
to the tree. (Fig. 11.) The bags are tacked

as shown in figure 10. The cans are hung on
a small finishing nail which is first driven into

the tree. The containers should be on either

the trunk or main branches on the shady side

of the tree.

„ REFILLING.
Fig. 15.—a spice tin with front

=re™„fo7.rr"'' The liters have practiced and advocate
monthly inspections. A tray of filled containers

should be carried along and where an empty, missing, or crystallized

container is found it can be replaced. If crystallization is general
all containers should be removed. Fresh sirup should never be
poured onto that crystallized, as it has been found that normal sirup
mixed with crystallized sirup quickly hardens. Where bags are ased
they can be discard-

ed for new ones.

Crystallized sirup
can be easily re-

moved from cans by
heating to boiling.

(Fig. 16.) The cans

should be reparaf-

fined.

NUMBER OF CONTAINERS. ^

A container should

be attached to each

tree in orchards over

run with ants. The
ants colonize around

the base of the trees

where the food sup-

ply is plentiful, and in clean-cultivated orchards, such as are com-
mon in California, and are seldom found between the rows of trees.

When food becomes scarce, movement from one tree to another

is more common. One striking case of the restricted movement

Fig. 16.—Cleaning crystallized siniiifrom roniainfi . Cansare arranged
in trays and boiled in water, after which the contents are quickly
removed by inverting the trays.
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of ants in well-cultivated orchards was observed in an orchard

during the spring of 1920. One row of trees near the center of the

orchard was missed at the time of sirup distribution, and the first

inspection showed the ants almost totally eradicated throughout the

orchard with the exception of this one row, which continued to be

heavily infested. During experimental work groups of trees in one

side of an orchard have had the ants controlled through sirup distri-

bution although the rows bordering these trees were little influenced.

Orcliards in which only part of the trees are attended by ants need
sirup containers only on the infested trees. In California the plant-

ings are for the most part from 70 to 100 trees to the acre.

COMPARATIVE COST OF TINS AND PARAFFINED BAGS.

The cost of ant sirup fluctuated greatly during the period of ex-

perimental work, 1917 to 1920, largely because of the changing price

of sugar and honey. The cost of materials for each gallon of sirup

in 1917 was $0.61 compared to $1.54 in 1920. The cost of the 2-ounce

flat spice tins increased about 20 per cent, while paper bags increased

over 35 per cent in price. The labor cost also materially increased.

The following comparison is based on 1920 prices:

Table 2.

—

Showing the comparative cost of poisoning ants when using tins and when
using paraffined bags, season of 1920.

Two-oxince flat spice tins.
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was put out on 46 trees in {-pound paraffined bags and on 46 trees

in 2-ounce paraffined spice tins. Frequent inspections were made of

the feeding habits and careful attention paid to any apparent prefer-

ence for either type of container. The experiment was conducted
for two months and percentages figured showing the relative feeding

habits. An average of 63 per cent of the bags were attended during

the period, and an average of 62 per cent of the cans were fed upon.

The ants showed no apparent preference for one type of container

over the other. It has been observed that evaporation is more rapid

in the bags than in the cans, hastening thickening of the sirup.

FACTORS INFLUENCING CONTROL.

The control of the Argentine ant under California conditions is very

variable. In some cases control has been effected within one to two
months and occasionally eradication within a like period. In others

not even a noticeble reduction of ants has been accomplished within

a much longer period. Inspection of containers in certain orchards

has shown an occasional ant to feed for several weeks after distribu-

tion, while in other cases containers would be swarming with ants

within a few hours after the sirup was placed within reach. As
a general rule, however, the feeding is heaviest for the first few days

when the sirup is fresh; after this the attractiveness is somewhat
reduced.

Weather.

The weather, especially the temperature, appears to influence

feeding greatly. During the hot summer months an arsenical sirup

is less attractive than at any other time of the year, and control is

slow, frequently unsatisfactory. The ants at this period are ex-

ceedingly active, and heavy streams have been known to pass up and

down the trunk for weeks at a time, in some cases even right up against

the container, without being influenced in the least by the proximity of

the sirup. This extreme indifference to sirup is the exception rather

than the rule. The maximum temperature at which ants actually

slacken or stop activity has never been noted, but the senior writer

has observed ants moving freely along the tree trunks at a tempera-

.ture of 117° F., a degree of heat that proved destructive to many
Diptera and Neuroptera. The writers have observed that the move-
ment of ants becomes sluggish as the temperature of 50° F. is ap-

proached, and it is during these periods of low temperature that the

sirup appears to prove most effective. The tendency of the ants is

to cluster close together during the cool mornings in spring and

autumn, especially in and about the crotch of the tree. If containers

of sirup are present they prove a center of attraction and are frequently

attended in large numbers.
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Food Supply.

Trees severely infested with mealybugs or other lioneydew-sxuding

insects offer a favorable food supply for the Argentine ant. Control

on such trees is difficult at any time of the year and usually not to

be accomplished during the summer merely by the distril)ution of

sirup, for the ants prefer theii- natural food to that furnished arti-

ficially. The only way to control the ants under such conditions is

to remove the insects furnishing the natural food supply, prevent

access of the ants to these insects, or else await the autumn or spring

when the natural food becomes much reduced and the cold weather

promotes feeding on the poisoned sirup. As an illustration of this

condition the case of an orchard at Sierra Madre might be mentioned.

On June 1, 100 bags of ant poison were distributed in one corner

of the orchard,^ which at the time contained a few mealybugs.

Within two months the ants on these trees had been brought under

control. On August 1 poison bags were distributed throughout the

rest (about 10 acres) of this ant-infested orchard, which was then

severely infested with mealybugs. An inspection on October 19

showed no noticeable reduction of ants throughout that part covered

by ant sirup in August. The infestation of mealybugs also continued

to be severe. With the approach of cold weather and reduction of

the numbers of mealybugs the ants fed greedily on the sirup, and
by the following spring were practically under control.

On April 26, 1918, ant sirup was placed on 68 large orange trees

at Pasadena severely infested with mealybugs. Forty-two of these

trees were banded above the sirup cans to prevent the ants reaching

the mealybugs, and the remaining 24 were left unhanded. An
inspection on April 30 showed large numbers of ants attending the

sirup on the banded trees, but not a single can on the unhanded
trees was sought by the ants. The second plot was ultimately

banded to compel feeding and accomplish control.

During the blossoming period ants are attracted to the nectar

within the flowers and control is sometimes difficult, especially

during a period of warm weather.

Thus, any attempt at control should give due consideration to

the natural food supply of the pest.

Excellent results in complete ant eradication have been obtained

in orchards heavily infested with the soft-brown scale and the black

scale by following up the usual fall fumigation practice with ant

control.

Season for Control.

The spring and autumn, because of the temperature and food

supply, are the periods when control or eradication is most quickly

effected in southern California. When the ants break up their
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winter colonies in the spring, their instinct to multiply leads to an
aggressive search for food at a time when the supply is scarce. Con-
sequently, they feed ravenously at this time on ant sirup when offered.

It is also during the spring and autumn that the night temperature

approaches 50° F., which reduces ant activity, causes the ants to

congregate in or about tree crotches of the main limbs, and greatly

increases feeding, particularly in the case of trees infested with

honeydew-producing insects. During the hot summer months,

when the temperature seldom drops to 50° F., ants are active both
night and day, and where other food is available they are not greatly

attracted by the poisoned sirup.

This temperature influence, and the further important considera-

tion that scale control by fumigation is confined largely to the autumn
months, make the fall and spring desirable periods for poisoning the

Argentine ant. The writers recommend that control be started

between the time ants first appear in the spring and July 1, or from
the last of September until congregation into winter colonies takes

place. The time of the appearance of ants in the spring varies

from year to year, as well as from locality to locality. In 1916 ant

activity started the last week in February, whereas in 1920 it was
about the middle of April before the winter colonies began to break

up. With the approach of cold weather, which normally sets in

during December, ants disappear from the trees, although in a very

open winter, as that of 1917, complete winter colonizing does not

occur.

Reappearance op Other Ants Following Control of the Argentine Species.

It has been stated by Newell that the Argentine ant will not tolerate

the presence of other species of ants within its domains. In southern

California the commonest species of ant in citrus groves not entirely

overrun with the Argentine ant is Prenolepis imparis Say. Formica

cinerea Mayr, var. pilicornis Emery ranks second, and Tapinoma
sessile Say, Dorymyrmex pyramicus Roger, and Cremastogaster

lineolata Say, var. californica Emery are of lesser importance.

Orchards long infested with Argentine ants are entirely freed

of these other species. The reappearance of Prenolepis imparis

closely following the eradication of the Argentine ant has often been

noted, particularly during the autumn and early winter months.

One striking instance occurred in 1918 at Pasadena, where ant

control was started in April on 258 trees, 4 of which were frequented

with Prenolepis. These four infestations of Prenolepis were eradi-

cated, and the Argentines on the other trees were brought under

control during the summer and totally eradicated during the month
of November, with the exception of a few trees in one corner. On
October 17 Prenolepis reappeared on 1 marginal tree and by Novem-
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ber 15 had spread to 41. By the middle of December this ant had

established colonies throughout the orchard, with the exception of

the corner where the Argentine species still maintained a foothold.

Several instances of like incursions, but in lesser degree, occurred in

orchards at Upland in 1918 and at Alhambra in 1919.

Relation of ]Jkkeding to Control.

The most rapid and conspicuous increase in numbers of ants is

during the months of July, August, and September, and this is ac-

counted for by the high mean temperatures prevailing during that

period and the abundance of available food. High temperatures

stimulate the queen to maximum egg production, and the life cycle

of workers from egg to maturity under these most favorable weather

conditions approaches four to five weeks, instead of two to four

months, as during the coldest weather. Since the Argentine ant has

been observed to slacken activity at temperatures below 60° F., it is

apparent that during the spring and autumn not only does the egg

production become greatly reduced, but the period of development

is lengthened. Therefore, poison distributed during the spring and

autumn should prove most effective.

During the hot summer months when all stages are present and the

development is so swift the rapid destruction of all workers present

at the time of sirup distribution would not clean up the infestation

because additional workers would be daily emerging from the pupa3

and these could care for the undeveloped larvif. Eradication of the

young during the summer by poisoning of workers is less likely at

this time than during the period of slow development.

CONTROL ON MARGINAL TREES.

Ant eradication has been most difficult on the outside rows of or-

chards, particularly so when bordered by ditches or strips of uncul-

tivated land. In clean-cultivated orchards, as stated elsewhere in

this bulletin, there is little movement between trees, yet the marginal

rows are commonly attended ])y ants breeding in the strips of border-

ing ground. If this adjacent territory is heavily colonized by ants,

the latter will be attracted by sirup on these trees. The greatest

difficulty has been experienced at times in eradicating ants from these

trees, and ants have been eradicated from entire large orchards with

the exception of outside trees. The difference in rapidity of eradica-

tion between the marginal two rows of trees and the rest of a 10-acre

orchard by the sirup method is shown in figure 17. Orchards from

which ants have been entirely eradicated one year have been known
to have the outside two to three rows reinfested the following year

from adjacent ant-sustaining territory. As a matter of precaution it

is sometimes advisable to keep containers of sirup on the outside row
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of trees even after ants have been eradicated from an orchard. Such

action, if long continued, ultimately will result in reduction or con-

trol of the ants in the immediately adjoining strip of land and will act as

a protection to the rest of the orchard. Particularly necessary is it to

keep up the fight on house-lot property. The writers have totally

eradicated ants from small city properties only to have incursions a

short time later from the outside.

CLEAN CULTURE.

Ant eradication by the sirup method is difficult in uncultivated

orchards or in orchards with rank vegetation beneath the trees.

(Fig. 18.) Weeds and grass harbor plant-lice, scales, and other in-
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S3V' *?

Fig. 18.—a citrus orchard in which clean culture is not practiced. It is difficult to obtain ant control by

the poisoned-sirup method on such property.

Fig. 19.—Citrus orchard showing clean cultivation, a condition necessary if japid ant control by the use

of the poisoned sirup is to be secured.
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writers to hang a container on each tree or shrub about the property
and to place several about the house along the foundation where trails

of ants are found. Wliere ant-frequented property adjoins, it is well

to distribute containers at the margin. They can be tacked in pro-
tected places on fences or to hedges. Ground traps should be placed
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Fig. 20.—Diagram of residential property showing distribution of poisoned-sirup containers.

along sidewalks and about lawns where trails are located. A satis-

factory distribution of containers on a 50 by 200 foot lot is shown in

figure 20.
COMPREHENSIVE DEMONSTRATION OF CONTROL.

A campaign directed toward the control of the citrophilus mealy-
bug was started at Upland in 1917, and it was soon discovered that

the 600 infested acres were entirely overrun with the Argentine ant.
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Therefore an effort to eliminate the ant was immediately started, and

on August 28 ant poison prepared according to the original Barber

formula was placed in paraffined paper bags on a 2-acre demonstra-

tion orchard, a bag to each tree. Within two weeks the effectiveness

of the sirup was apparent, a reduction of fully 50 per cent being shown

over the adjacent untreated trees. Within a month the ants were

under control on most of the trees.

This very successful demonstration proved immediately convinc-

ing to orchardists in the neighborhood, and by the months of Sep-

tember and October the o^Tiers, representing 160 acres of infested

orchards, had been induced to attempt ant control. During 1918 the

territory covered was greatly extended and by the end of the year the

treated territory had been brought up to 490 acres, or only 110 short

of the entire mealybug-infested territory. These 110 acres were

placed under control during the spring of 1919.

The methods which have been put into operation by the writers

and are fully presented under demonstration orchard B were applied

throughout the campaign. The original Barber poisoned sirup was
used during 1917, but in 1918 the modified more dilute sirup was
adopted and subsequently used exclusively. A very large amount
of the poisoned sirup was prepared under the direction of the junior

author or was supplied by qualified druggists. wSpice tins were used

very largely as containers.

The results of these very extensive control operations were entirely

satisfactory. Total eradication of ants over a large acreage was

accomplished during 1918. In the spring of 1919a careful inspection

was made of all the acreage on which control had been attempted,

the results of which are shown in figure 21. At that time the ants

had been entirely eradicated over approximately 450 acres, including

the territory over which control was started in 1917. The entire

area was under control by the spring of 1920.

The cost of control for the whole district averaged between 4 and

5 cents per tree.

SUMMARY.

An investigation of methods for control and eradication of the

Argentine ant was started in 1915 and continued until 1920. The
methods used included banding of trunks to prevent the access of

the ant, trap nesting, repellents, and the use of poisoned sirup.

Of the various substances tried in banding, a mixture composed of

1 part of sulphur and 6 parts of commercial sticky tree-banding

material proved most satisfactory. The careful attention necessary

to keep the bands in a freshened condition, their high cost, and the

ourstanding fact that the ants remained an everlasting menace,

however, led to their discontinuance.
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Trap nesting proved to be impractical under southern California

conditions because of the light average rainfall and the excessive

cost as compared with that of the use of a poisoned sirup.

Repellents, in the form of corrosive-sublimate bands and powders

prepared from pyrethrum and sodium fluorid, were found to have a

limited use about residences, apiaries, etc.

The most practical means of control was the complete eradication

obtained by the use of an arsenical poisoned sirup. Numerous
formulas were prepared and tried in large field experiments. Of

these the original Barber formula proved effective, but was objec-

tionable because of rapid crystallization. Various modified formulas

were used and one finally adopted which contained all the ingi'edients

of the Barber formula, somewhat reapportioned, and, in addition,

the preservative benzoate of soda. The modified formula gives a

much thinner sirup, one of greater stability, and also a considerably

cheaper one. The arsenical poisoned sirups have been used in

various parts of southern California on almost 3,000 acres of citrus

with excellent results. Ants have been totally eradicated from many
hundreds of acres with one or two applications. It is essential that

the sirup be carefully and properly prepared.

Orchard control.—In orchard distribution approximately H ounces

of sirup are placed in a 4-ounce spice tin with a few strands of excel-

sior, and such a tin is hung on the trunk or a main branch of each

infested tree. Spring and autumn are the preferred periods for

this work. Monthly inspection should be made and empty and
removed containers refilled and replaced. The average cost per tree

has been between 4 and 5 cents.

Control about residences.—This method has proved equally suc-

cessful in eradicating the ants about residences. Much care should

be given to bait each trail, at intervals of 10 to 15 feet, with either

a spice tin or a ground trap.

The eradication of the Argentine ant has resulted in commercial

control of mealybugs and the soft brown scale over a large area in

the citrus districts of southern California.
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INTRODUCTION.

Horse-radish grown in the northern TTnited States and in Canada is

subject to attack by a medium-sized caterpillar known both as the pur-

ple-backed webworm and the horse-radish webworm. Like so many of

our insect pests, this species is of foreign origin and gained entrance

into this country many years ago, but until recent years it has not been

known to spread materially. While favoring horse-radish, it is also

known to attack turnip and cabbage, and after feeding on the lower

surface of the leaves sometimes webs them together near the ground.

When abundant it attacks the stalks, even down to the roots.

Prior to the year 1919, when this webworm was first discovered in

injurious numbers in Virginia near the District of Columbia, re-

l)orts of injurious occurrences were nearly all confined to the mari-

time Provinces of Canada, although attack had been noted occa-

sionally in Massachusetts, Ncav York, New Jersey, and Wisconsin.

The insect has lieen known to occur in the District of Columliia for

several years, but heretofore it has been somewhat of a rarity.

This species makes the third specific enemy of horse-radish inhabit-

ino- North America, the other two being the introduced horse-radish

flea-beetle {8)-- ^ and the native horse-radish webworm (9).*

1 Erergcstis straminalifi Hiibner ; order Lepidoptera, .family Pynilidae.

^ Phi/llotreta armornciar Koch.
" Numbers in parentheses (italic) refer to " Literature cited." page 10.

* Phitella armoracia Busck.

48561°—21
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Two other webworms affect horse-nulish in the United States, both

introduced from abroad, namely, the imported cabbage webworm

(7)^ and the diamond-back moth {10).^

DESCRIPTION.

THE MOTH.

The moth of this species is rather bright ocher yelloAv and the

forewings are traversed by two irregular lines dividing the wing into

thirds of ne a r 1 y equal

width. Near the tip of the

forewing is a conspicuous

lighter spot and another

larger rounded one near

the middle of the anterior

border. Directly outward

from this latter there is an

angular 8-shaped spot.

The wing expanse is about

1 inch (25 mm.) and the

length of the body a little

less than half an inch (10

mm.). This moth resem-

bles in general contour the

related E. rimosalis Guen.,

but may be readily distin-

guished by the characters

given and with the aid of

the accompanying illustra-

tion (fig. 1). In some in-

dividuals the outer edge of

the forewing is much
d a r k e r t h a n in others,

darker even than in E.

ihnoxdlh.

more technical description is after JNIeyrick (-'>, p.

Fig. 1.—Europeau horse-radish weli

straminulis) : a, Moth, nornial

(lark form. Twice natural size.

nivm tErc
form ; b,

The following

Fore-wing.s pak" oelit'roiis-yi-llow. sin-iiikled with dark brown, veins pos-

teriorly Clark brown; lines dark fuscous, first an^ulated above niiddlo, angu-

larly indented above angle, second unevenly curved ; an angularly S-shaped

discal spot, outlinetl with dark fuscous, touching angle of first line; a cloudy

dark fuscous subterminal line, forming above middle a strong dark suffusion

inclosing a pale terminal spot. Hindwings prismatic yellow-whitish ;
traces

of a dark posterior line ; ternien narrowly dark fuscous.

' Hellula undalis Fab.
^ Phitella mactilipennis Curt.
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The e<r^^s (fij>-. 2) are deposited in compact masses conlainin^jf IVom

half a dozen eggs to a score or more. Both the egg and Ihe mass

are difficult to describe, the indivi<hial

egg being scarcely separate from tlie

mass.

The iiidividiinl c.ui;' Is irrejiiiliir oviil, lln*

iii.-iss lieiii;: arranjicd more oi- less irrejiularly,

as ill the case of a hoiieyconih. The color is

a little hrifihter aireeii than the leaf on which

it is deposited and each ejiji is surrounded by

an irrefiular rin;;- of yellow sjtots arraiiiied

in chains iiunibering about 12 to 18 to an

vii'^. There is stronjr overlappinji, so that an

c.LiK mass resembles, very imperfectly, a mass

ot tish scales. The surface is tincly reticulate

and divided into shiniiifr. minute, irref;:ular

areas much like the surface of leather. The
diameter is about 0.8 mm.

THE LARVA.

2.—European horsc-radi.sh wi'I)-

worm : a. Egg mass in situ on leaf,

throe times natural size ; b, sec-

tion of surface of egg, hii^hly mag-
nified.

In the penultimate .sta.ae the larva (fig. 3)

presents an appearance somewhat similar to

the full-grown larva as regards the arrangement of the piliferous tubercles,

but the form is more slender and the body tapers more at each end (the head

being proportionately much smaller). The general color

of the upper .surface is purplisli and has the peculiar ap-

pearance of being split through the middle, due to a wide

liinkisli longitudinal band sejiarating the two parts between

the rows of piliferous tubercles. The thoracic and anal

])lates are correspondingly smaller and faint yellowish

brown.

The Full-Grown Lakva.

" ibout

dc!

nd the sides are marked
iraiige about the spiracles

The full-grown larva (fig. 4) is elongate, cylindrical, al

six times as long as wide, and ta])ers slightly to\vai'<l c

extremity, esi)ecially jiosteriorly. The general color

variable, generally eitlier dull or shining dark slate g

above, soiuetiiiies faintly bluish. The lower surface is
]

greenish yellow or yellowisl

with a narrow stigmatal lin

and whitish or yellowish near the sutures. The head is

shining .let black, faintly but distinctly separated, the delta-

shaped middle portion longer than wide. The thoracic plate

is piceous, the middle third or fourth paler, sometimes

yellowish. The abdominal segments are without trace of

transverse stripes; the piliferous tubercles are large and
Idack ; two pairs on the first two segments, the remainder

arranged in groups of three, each side forming a triangle.

The anal plate is small, dull pale brownish. The sides have
a row ,if substigmatal tubercles, one or two on each segment and another row
midway between these and the legs ; the legs are greenish or yellowish.

The length is 18 mm. ; the width. 3 mm.

Fig. 3.—European
liorse-radisli web-

worm : Penulti-

mate stage of

larva. Much en-

larged.
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The larva has been described as purple, but the mature larva ex-

hibits no evidence of this color in life. When preserved in alcohol

there is a reddisli and sometimes slightly

purplish tinge.

The larva can be readily separated

from that of E. rlmosalis by the com-

plete lack of transverse striation and

by the black head.

When about to transform to pupa, the

larva forms, usually at or near the sur-

face of the ground, a substantial cocoon

(fig. 5), Avhich is evidently well coated

on the exterior with a viscid substance

VIVIk. ^!^#^ to which particles of sand become at-

FiG. 4.—Full-grown larva of

European horse-radish web-

worm : «, Dorsal view ; h,

lateral view. Four times nat-

ural size.

tached. These cocoons are

large in comparison to the

pupa and irregidar short

oval in shape.
THE PUPA.

The II u r» a

(fiff. 6) is of

robust form

with long
wing cases

-Cocoons of European horse-radish

Avorm. Much enlarged.

Fig. 6.—European
horse-radish web-
worm: Pupa.
Six times nat-

urj size.

exteucling to the antepenultimate segment of the Mhtlomen.

It is widest below the midrlle across the wing cases and at

its widest part is three-eighths as wide as long. The general

color is brownish yellow, but the wing cases have a distinct

greenish tinge. The eyes are large and black. The last

abdominal segment is prolonged and unarmed.

The length is 8 mm. ; the width, 3 mm.

DISTRIBUTION.

Evergestis straminalis is native to the Old World,

where it is found in Central Europe and in Great



TTTK ETTROPKAX 1 1 OltSIMlADT^^IF WKBWOT^M. 5

Britain and Irehuul. In Canada, it has been i-ei)()rted from Cape

Breton Island, Little Bras d'Or, Old Chelsea, Quebec, and Nova
Scotia. In the United States it has been established for many years at

Cambridge, Mass. Specimens are in the Ignited States National

Museum and it is noted as occurring in the following localities:

Albany, Ivochester, Kendall, N. Y.; Chester, N. J.; Cambridge and

North Adams, Mass.; New Hampshire; northern Illinois; Madison,

Wis.; Wasliington, I). C; and Arlington, Va.

The known distribution is shown in the map (hg. 7).

NOTES OF OCCURRENCE AND HABITS.

The moth of this species was collected by the writer in September,

1898, at Washington, D. C, showing that it has evidently been estab-

lished in this vicinity for several

years, presumably feeding on horse-

radish, though in small numbers,

since it did not attract attention

until 1919.

The records of the Bureau of

Entomology show that the species

was received July 27, 1903, from
Dr. E. P. Felt, Albany, N. Y.

June 21, 1913, larvae were ob-

served attacking horse-radish at

Chester, N. J., by H. O. Marsh.

Larva? under observation on June
30 burrowed into the soil and spun

cocoons. The first of these trans-

formed to pupa July 23, and the

moth issued August 13, making the

])upal period in this case 21 days.

June 14, 1914, specimens were received from Mr. Francis R. Fox-

croft, with report that the larvae were injuring turnip and radish at

Cambridge, Mass., and that the leaves had been almost entirely

devoured in that vicinity.

July 15, 1919, William H. White, Bureau of Entomology, observed

larvae on horse-radish at Arlington, Va., and later the writer observed

this insect in the same locality.

Eggs which were deposited July 17, 1919, hatched July 24, and the

lai'vse from this lot, feeding on horse-radish leaves, began to transform
to pupae August 5. In this case the e^<^ period was 7 days. The tem-

perature was normal for the season, 64° to 91° F., and averaging
77° F.

By the third week of July, 1919, all moths from larvae in confine-

ment had issued from the coco(ms; but another lot containing man}'

-Distribution of Europi

rndish wobworm.
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individuals living in a rearing cage in the open descended into the

earth and when pupal cases, which were not far from the surface of

the earth, were examined much later, it was found that the larvae

were unchanged and that no moths had issued.

During October it w^as observed that larvae were again infesting

the same horse-radish patch where first discovered at Arlington, Va.,

and by October 17 considerable injury had been done to the foliage,

quite as much showing at this time as that done by the harlequin cab-

bage bug during the season. Where the leaves were dead and dry
and were more or less loosely matted together, the larvae were in-

variably found ; indeed, they infested the entire patch from one end
to the other. Larvae were rapidly growing to maturity at this time,

feeding sparingly and sluggishly during the cool weather which pre-

vailed when under observation in the field. Characteristic injury to

the lower leaves as inflicted in midseason is shown in figure 8.

Larvae feed in colonies at first, but with the period of approach-

ing maturity they are soon to be found singly and well scattered

throughout the field. Some few are protected by white silken webs

joining two leaves together or by drawing a single leaf somewhat
lightly at the middle near the midrib. The great majority, however,

are freely exposed, although sheltered from the sun by overhanging

foliage. They feed for the most part near the midribs and near the

middle of the plant, seldom near the outer ends, which as the season

advances become for the most part dead and dry.

From the hatching of the larva until its maturity the life history

of the species is well told by Buckler (4) as follows :

The newly-liatched lar^a is ?:reen, and rather transparent, with a flattened

bhick shining liead and daik brown necli-plate, and on the body can just be dis-

cerned most minute l)la(k dots and hairs; after eating out little pits and channels

from the cuticle, causing transparent blotches on the leaf for about five or six

days and acquiring more r-olour, it becomes of a very pale watei'y-green as it

lays up to moult.

After the first moult it eats holes quite through the leaf, and its ravages are

very perceptible ; its head is black, the back dark green, the belly pale watery-

green, the sides of the shining neck-plate dark brown, while the middle of the

plate is of the same green colour as that of the back, the wart-like spots are of

the ground colour but have dark brown centres bearing single hairs, and a pale

ring is at the base of each spot.

Soon after the second moult it is very dark on the back with a deep and

subdued blackish olive-green colour, while the belly has a much lighter tint of

the same, these are separated by a spiracular stripe of bright yellow, the head,

the side margins of the neck-plate, and the warty spots on the upper surface

are shining black, on each side of the back are two very fine and much inter-

rupted series of white linear dots, less broken on the second segment to the end

of the fourth than on the others, the warty spots on the ventral surface are of

the ground-colour, having dark olive-brown centres.

Directly after the third moult and for a day or so the ground-colour of tlu>

larva appears perfectly black, which enhances the brillancy 1 brilliancy] of the
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broken white lines and tlie yellow spiracular stripes, l)ut by dej,'iees, after it

settles down to feed again and i;row, the black skin expands and the ground-
colour of the back l)econies more and more green until it is again of a blackish
olivaceous-green, when the length ranges from 13 to 16 mm.

Fig. 8.—Horso-radish leaf skelotouized by the European horse-radish webworm.

It now consumes a great quantity of food and the plump skin begins to shine
a little; at the end of about ten days it attains full-growth.
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HISTORY IN NORTH AMERICA.

The species was described by Hiibner from Europe in 1792 (1) and
must have been introduced into this country, probably with its favor-

ite food plant, at an early date, since it came under the observation

of Harris in 1841 {3, p. 322). In Harris's notebooks appear the

following memoranda

:

Oct. 30 and Nov. 1, 1841. Found on leaves of horse-radish.

They eat large holes out of leaves, leaving finally only the veins untouched.

They live beneath the leaves, stretched out by the sides of the midrib. They
creep regularly, not haltingly, and move pretty fast. AVhen alarmed or dis-

turbed they curl quickly, and lose their hold, and fall to the ground. . . .

Found the same on turnip leaves, Oct. 20, 1.S44, their ravages very considerable.

This account includes a description and a reproduction of a sketch

of the larva, which are omitted hero. AValker's description appeared

in 1859 {2, p. 7o6) and was based on specimens from the United

States and Nova Scotia.

An accoimt of this insect by William Buckler (4) appeared in

1882. Not knowing the insect's food plants, l)ut judging that it

would live on Crucif'erae, he placed the eggs on different plants. In

confinement the larvae fed freely on Barharea vulgark^ Sinapis ar-

vensis, and Cardamine amara. Larvse molted three times, as fol-

lows : The first molt occurred August 8 to 10, the second August 17

and 18, and the third August 24 to 27. By September 29 all were

full-fed and were inclosed in cocoons of earth. The moths began to

issue June 20 of the following year, continuing emergence up to

July 27. Buckler describes the e^gg^ stating that it hatched in 8 days,

the newly hatched larva, the different molts, and the cocoon.

Many years after Harris's first account. Dr. James Fletcher (6", p.

231) furnished the second account, and writes in 1904 that occasional

reports had been received at different times for 10 years of attack

on cabbage and turnip in the maritime Provinces of Canada.

The caterpillars were described as congregating on the crowns of

turnips and eating cabbages into the roots as well as consuming the

leaves. Whole fields of cabbage and turnip were destroyed at Cape

Breton Island. The larvae were described as starting under the

leaves just out of the ground and mining their way up to the head,

tunneling it hollow. Injury was also reported to cabbage in 1903

at Old Chelsea, Quebec, Canada, and an original description of tlie

larva was included.

In 1918 a popular account of this species was published l)y ^Messrs.

Crosby and Leonard {11, p. 10-20).

FOOD PLANTS.

Harris recorded Evergestis stramlnalis on horse-radish and turnip,

and Fletcher noted attack on these plants and on cabbage in Canada.
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In Kufopt' the species has been recorded as feeding in coiiliuement

on wild i)lants of the <;enera Barbarea, Sinapis, and Cardainine.

NATURAL ENEMIES.

This species is apparently unusually free from natural enemies,

jud^nnfr by the experience <j^ained h-om two years' study in the

vicinity of the Disti'ict of Columbia. A sin<!;le parasite, Bracon

nioiiti'ealensis Morrison (Clittn. Xo. GOTG"'). determined by A. B.

(lalian, was reared fi'om the l:u\a of this species September 6, 1919.

at Arlin<>:ton, Va.

CONTROL.

It is evident, considering the fact that only one natural enemy of

this species is known, that little can be expected from natural agencies

of control. The arsenates of lead and lime and arsenite of zinc will

all undoubtedly operate against the larva with equal value when
applied for other cabbage worms. ITnderspraying is necessary, be-

cause of the habit of the larva of feeding mostly in concealment near

the base of the plant. Hand-picking, if carefully carried out, is also

of value when the species does not occur in too large numbers, as in

the case of the infestation at Arlington, Va.

In the occurrence of this species on horse-radish, it is more difficult

of control than on cabbage and other annuals. On such crops fall

and spring plowing and frequent cultivation would undoubtedly be

of great service in destroying the insect in its pupal cases, which
are usually at or near the surface of the ground. Plowing could not

be practiced in beds of horse-radish, and here many of the pests would
survive the winter unless a spray Avere applied, which should be done

in case of severe infestation.

SUMMARY.

Horse-radish, and less often turnip and cabbage grown in the

northern States, are subject to attack by the European horse-radish

webworm {Evcrgestis stramlmdls Hiibner), a greenish caterpillar

with reddish or purplish tints, measuring, when full-grown, about

three- fourths of an inch in length.

It feeds on the lower surface of the leaves, which it frequently

webs together near the ground, and also attacks the stalks.

This insect came originally from Europe, and has recently made
its appearance on horse-radish in Virginia. It is known to Occur

from New England westward to Wisconsin.

It passes the winter as a larva in an earth-covered pupal case near

the surface of the ground and the moths appear some time in May.
In Virginia the eggs hatch in T or 8 days, and the larvse begin by
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feedino: on the leaves, Avhen abundant attack the stalks, and attain

full growth in about 3 weeks. They then transform to pupse, and
about 3 weeks later produce another brood of moths, making an

aj^proximate life cycle of 7 or 8 weeks, depending on temperature.

At least two generations a year are produced in Virginia.

This webworm may V)e controlled by arsenicals and by hand-picking

on horse-radish and, more readily on other crops, by fall and spring

plowing and frequent cultivation.
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INTRODUCTION.

In the drier portions of western Kansas and adjoining States the

insect fauna is particularly rich in blister beetles. Besides those of

common occurrence elsewhere there are several species that are char-

acteristic of the region. The native grasshoppers develop regularly

in considerable niunbers, thus insuring sustenance for some, at least,

of the blister-beetle larvae. The beetles feed on native legumes and

other plants that root deeply and make some growth even when

cultivated crops and shallow-rooted weeds die of drought.

The abundance of blister beetles in this region was noted by early

entomologists, mostly systematists, who chanced through the western

and southwestern Ignited States ; but it remained for Dr. C. V. Riley,
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while entomologist of Missouri, to work out the first life histories of

American, species, and later as a member of the U. S. Entomological

Commission to extend his researches in this line. Riley studied only

species of general occurrence and only two of them to completion, yet

he announced as his opinion that the life histories of other species

would be found strictly parallel to these.

With the subsidence of outbreaks of the Rocky Mountain grass-

hopper {Melanoplus spretus Uhler), the Commission directed its

attention to the more pressing problems of thickly settled portions

of the country. The writer knows of no further study of the eco-

nomic relations or biology of American species of this group.

The data on blister beetles that form the basis of this bulletin

were collected, except as otherwise specified, since 1913. From
March, 1918, to May, 1915, inclusive, the work was conducted at

Garden City, Kans. From June. 1915, to June. 1917. inclusive, it

was continued at Wichita, Kans. As the beetles do not occur there in

sufficient numbers to supply the necessary material, work on con-

trol measures was dropped, and only such life-history work was con-

ducted as was possible with material collected on infrequent trips

at irregular intervals to western Kansas.

ECONOMIC IMPORTANCE.

There has been a tendency among entomologists to class the west-

ern species of blister beetles as beneficial. This arises from the fact

that their larvae feed on the eggs of grasshoppers, from the ravages

of which the early agriculture of the plains region suffered im-

mensely. However, the species of grasshopper responsible for a

large share of the injury, and the one that stands to-day an insect

bogy to those of limited entomological knowledge, has disappeared

from the scenes of its former activity so completely that specimens

of it are curiosities to the new generation of entomologists.

Only since the agricultural possibilities of the semiarid regions

have been developed along diverse lines has it been possible to form

a true estimate of the economic status of blister beetles. The pres-

ence of extensive acreages of sugar beet, alfalfa, beans, and peanuts

has allowed them to exhibit to the full their propensity as crop de-

stroyers. The cultivation of large areas and the close pasturage of

a great deal more have also altered the flora and environment to

such an extent that the former equilibrium of the insect fauna has

been disturbed. Cultivation has insured a much more extensive

food supply for grasshoppers, and they have become distributed ac-

cordingly; but much of this increase in the food of grasshoppers

has not been accompanied by a corresponding increase in food suit-

able for the adult blister beetles. The latter have, therefore, been
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unable to spread so widely. Pasturajj^e or other disturbance inci-

dent to the agricultural use of the land has proved a greater detri-

ment to the blister beetk's than to the grasshoppers. Even in locali-

ties where blister beetles are most abundant repressive measures for

grasshoppers have been found necessary. Also, Avhere blister-beetle

larvae infest a large percentage of the grasshopper egg capsules, they

must destroy many larva; of the beefiy Anmtoechus nitiduUs Fab.,

and of the hymenopterous egg parasite Scelio inonticola Brues,

neither of which is known to be injurious in any stage. The larvie

of the beefiy destroy a great many more grasshopper eggs than the

larvas of the blister beetles, but are helpless against the latter when

they enter the same q^^ capsules.

It is questionable whether blister-beetle larvae have ever been suf-

ficiently beneficial to offset the damage done by the adults. Cer-

tainly they are now relatively of much less value than formerly.

The group, therefore, must be considered injurious and will be-

come more so Avith continued agricultural development of the semi-

arid sections.

INJURY TO CROPS.

Blister beetles may devour only the petals and pollen of the

flowers. They usually do this on beans, peanuts, and locust trees,

and largely on alfalfa. On Irish potatoes, sugar beets, and to a

lesser extent on the Russian olive, however, they commonly de-

foliate the plant. In either case the actual injury to the crop depends

on the stage of growth which the plants have reached. When they

are near maturity the yield is lessened, but the crop is not a total loss.

Unless drought prevails at the time of defoliation, sugar beets usu-

ally put forth new leaves and continue their growth, but the effect

of defoliation is recorded in decreased tonnage or sugar content, or

both. A defoliation of Irish potato is usually disastrous, as is also

the destruction of the blossoms of beans and of peanuts.

FOOD PLANTS.

Leaf-feeding insects, like the blister beetles, could not become as

numerous in the semiarid regions as they do without the presence of

some hardy native plant upon which they can feed during drought.

At Garden City, Kans., the beetles feed upon the blossoms of the

sunflower {HeJianthus spp.). the goldenrod {Solulago spp.), the

leaves and flowers of the few-flowered psoralea or scurvy pea {Pso-

ralea tenuvflora) , and on other prairie legumes. They also feed ex-

tensively on an introduced weed, the ground burnut {Trihulus ter-

restris).

The cultivated plants which they attack most extensively are the

Irish potato {Solanum tuberosum) , the sugar and garden beets {Beta
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vulgwns)^ alfalfa {Medicago sativa), the garden bean {Phaseolus

spp.), the peanut [Arachis, hypogaea) , and sweet clover {Melilotus

aZba). The writer has not noticed them feeding much on other

plants, but references to literature show that they attack a great

variety of vegetation.

As the beetles emerge they begin feeding on such plants as they

find near by. Later they are driven to cultivated plants, because

drought has killed the weeds or because they need a more abundant

and continuous food supply to support them in their gregarious

habits.

CLASSIFICATION OF SPECIES STUDIED.

The blister beetles belong to the coleopterous family Meloidae, the

members of which contain in their bodies a substance that blisters

when extracted and applied to the skin. Both subfamilies, Meloinae

and Cantharinae, are represented in these

studies, though only one genus of Meloinae

was identified. This was Meloe, about 80

specimens of an undetermined species of

which were collected (Chttn. No. 2507).

All of these were found along a short piece

of roadway which was flanked on one side

by a field of wheat and on the other by a

weedy prairie pasture. The species may
have been only recentl}^ introduced in this

locality, as it was but a few rods from the

bank of a main irrigation ditch which

comes directly from the Arkansas River.

It w^as not to be found elsewhere at Garden

City. Specimens were secured April 24,

May 7, and May 19, 1914. On May 7 one

])air was taken in copula, but no eggs were secured. The immature

stages were not observed, nor were the beetles seen feeding except on

the young Russian thistle.

Descku'tion ok Meloe sp.

Fic. \.—Mclor afrr: A.lult.

EnlargiHl.

Near afer Bland, or barbarus Lee. (Chttn. No. 2507) : Length, 8 to 12.5 mm.

;

width. 3 to 4 mm. ; elytrji diverging, truncated, the body ))eing widest across the

abdomen near tlieir tips; color black; rough and feebly shining. (Fig. 1.)

Of the subfamily Cantharinae, two tribes, Nemognathini and

Cantharini, were represented.

The specimens of Nemognathini were identified as belonging to

one genus and three species. NeTnognatha luHda Lee, N. hicoJor Lee,

and N. piezata Fab. They were intermingling freely on blossoms of
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the bull-thistle {('Irsfum lanceolatum) and on account of their inter-

p:ra(liii^ color patterns could easily have been referred to a sin^rle

species. '\\\^y were not observed in any injurious connection, and

their immature sta<ies were not found.

The tribe Cantharini was represented by three o:enera—Macrobasis,

Ejjicauta, and Cantharis. To Macrobasis and Epicauta belonp; the

injurious species occurring at Garden City, Kans., and they are

treated at length in this paper. Of the genus Cantharis only one

species was identified, Cantharis reticulata Say, of which a very

few specimens were collected. They are

sufficient for only a brief description.

Description or Cantharis reticitlata

Say.

Adult.

- Length, about 15 to 25 mm. ; width, about

4.5 to 7 mm. ; color black, except antenu.T and

less, which are dark brown. Elytra irresularly

ridded, hence the name ; head, thorax, and

abdomen pitted and spar.sely haired ; leiis

thickly haired. (Fig. 2.)

The adults were taken on the bush

morning-glorv {Ipomoea leptopliylla)^

excepting one which was found on ^'''-

-'^^"'''^J^""''""
alfalfa.

Besides Cantharis reticulata^ the tribe Cantharini is represented

at Garden City by at least 15 species, of which four belong to the

genus Macrobasis and 11 to Epicauta. For the purposes of this

paper the generic and specific distinctions are sufficienth' set forth

by the key, which has been adapted from Horn with the assistance

of H. S. Barber, of the United States Xational Museum.

KEY TO SPECIES OF EPICAUTA AND MACROBASIS COLLECTED AT GARDEN CITY,
KANS.

A. Second joint of antennae at least half as long as third Macrobasis.

a. Black with posterior margins of abdominal segments gray.

J/, segmentata Say.

aa. Gray, yellowish, or brownish, unicolorous or with markings.

b. Prothorax usually with two longitudinal black stripes ; elytra

usually concolorous, sometimes with submarginal black stripes

;

basal joints of antenmie bro^^•n (fig. 3) M. aJhula Say.

bb. Unicolorous.

c. First joint of antenniie as long as or longer than the sec-

ond and third together. In the male it reaches to the

occiput, and tlie second is at least twice as long and

twice as thick as the third M. tinicolor Kirby.

cc. First joint of antennae similar in sexes, second joint

shorter than third M. immaculain Siiy.
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AA. Second .ioint of autennre less thau half as long as third Kiiicauta.

a. Antenna! joints elongate, loosely united,

b. Unicolorous.

c. Gray or yellowish E. chicna Forst.

cc. Black.

d. Large, 25 to 30 mm. long E. corrina Jjec.

dd. Less than 20 mm. long.

e. Spurs of hind tibia stout, cylindrical ; length

12 to 20 mm. (fig. 4)__^. funebris Horn.

ee. Spurs of hind tibia slender, acute at tip

and unlike, the outer spur being broader;
length 8.5 to 14 mm E. pemisylt'cinica DeG.

Fig. 3. — The two -spotted

blister boetle {Macrohasls

alMda) : Adult, stripod Fio. 4.

—

Epioauta funehHi<:

variatiou. Enlarged. Adult. Enlarged.

bb. Variegated.

c. Gray or yellowish with black markings.

d. With three longitudinal black stripes on each

elytron E. Icmniscata Fab.

dd. Spotted with black.

e. Spots minute, scattering E. maculafa Say.

ee. Spots larger, crowded, sometimes coalescent.

E. par(talis Lee.

cc. Black, elytra and prothorax margined with gray, and
median line of prothorax gray E. marginata Fab.

aa. Antennal joints short, closely united.

1». Pronotum with pair of bare, smooth, black areas ; color reddish

or grayish brown E. oallosa Lee.

bb. Pronotum unmarked.
c. Surface of pronotum moderately shining under vesti-

ture E. ferruyinca Say.

cc. Surface of pronotum opaque E. seHcans Lee.

The only distinction between Macrobasis and Epicaiita is in the

relative length of the second segment of the antennae (figs. 5, 6) . In
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Macrobiisis it is at least half as loiif^ as the third and usually more.

In Epicauta it is less than half as long as the third.

The four species of Macrobasis are easily dis-

tinguished, and no -well-marked varieties in a c:^:;;:::::^=feJoac=icj==*==»==*^^

species were observed. But there is great

variation in the shade of color, especiallv in '''";
•^r'^^f

-spotiess mls.
' i " tor beetle (MacrohasisM . Immaculata^ and in the extent of the black immacuiata) : Antenna

submarginal stripes on the elytra in M. albida. "'^ ""*^''- ^^"''** ''^'

These stripes next the outer and the inner

margin of each elytron, if present, may extend so far as to unite

at the distal end, forming a U that opens anteriorly. The bLack

stripes on the prothorax may sometimes

'^='==c=:c=:cr:,~;(----^^ bc lacking, but so rarely that it was not

Qoted in the key.
Fig. 6.

—

Epicauta corvina: » • i i. ^ i.i- Tr>- j. '

Antenna. Much enlarged. ^^^ might be expected, siiice Epicauta is so

much more richly represented than Macro-

basis, it has greater variation within its species: also tlie separation

of the species is much more difficult.

CHARACTER OF ADDITIONAL DATA ON MACROBASIS AND
EPICAUTA.

In the rearing work eggs of several species were secured in con-

finement and hatched, giving authentic eggs and triungulins. No
larvae have been carried through the growing stages. Attempts to

do so Avere thwarted by the high percentage of parasitism which

existed among grasshopper egg-capsules that Avere collected for the

purpose, and the writer was unable to secure eggs of grasshoppers by

confining them. Coarctate larva^ were collected and kept under ob-

servation during the succeeding transformations. These yielded

authentic material for the identification and description of the later

stages.

In presenting the data relating to each genus the species on which

they are most nearly complete will be considered first.

RESULTS OF WORK ON MACROBASIS.

descriptive.

Macrobasis i:\imaculata Sat.

Adult.

Macrobasis immacuiata is among the largest blister beetles found in Kansas.

A number taken at Gar«len City averaged 17.5 mm. long by 4.5 mm. wide.

Blatchley gives the limits of its variation in length as 13 to 23 mm. Color gray

to light reddish brown. According to Blatchley, the sexes are distinguished by

the third antennal joint in the male being longer than the second, but in the

female of only equal length or shorter.
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Egg.

Lt'nytli, 1.5 mm. ; width, 0.5 mm. ; shape ahiiust eyliiulrical, but tapering
slightly toward the posterioi- end ; color traiisluoent yellowish white.

Fig. 7.

—

Macrobasis im
maculata: Triungulin.

Lakva.

Triungulin (fig. 7).—Length, 2.7 mm.; width, 0.5 mm. through the head;
shape elongate triangular, tapering gradually to the posterior end, which is

hluntly rounded ; color yellow or light brown, with lighter bands on the parts

of segnients that fold against one another when the

body contracts in length ; legs 3-jointed, strong ; claws
three in number (hence the name triungulin), slender,

the two outer ones spinelike; eyes apparently only

pigmented spots behind the antennae on the anterior

part of and near the outer margins of the head

;

mandibles fiat, sickle-shaped, strong, with notched

inner margins ; antennae apparently 3-jointed, the third

joint divided with the dorsal portion the larger and
bearing several spinose hairs ; spiracles 9 in number
and located above the lateral margins ; armature of

abdomen consisting of spinose hairs, about 10 in a

transverse row near the posterior margin of each

.segment, and about 6 in a row nearer the anterior

margin, those in each row so placed as to be in rows
with corresponding hairs on the other abdominal seg-

ments; anal segment with two diverging hairs one-

fourth to one-third length of body, projecting poste-

riorly from above its tip; hairs also regularly placed on thorax, head, and

upper and outer surfaces of mandibles ; legs with stiff hairs projecting per-

pendicularly on the femur but appressed on the tibia.

Carabidoid and scarabaeidoid larvce.—
Descriptions of these stages could not be

secured from authentic specimens, as they

were not reared. Collected larvae that

were thought to be in these stages were

similar to those figured by Riley ^ for

Epicatuta vittata.

Coarctate larva (fig. 8).—Length, 11.5 to

13.5 mm. ; width, 4.5 to 6.5 mm. ; shape

elongate hemispherical, resembling the half

of a peanut kernel if the ends of the latter

were bent toward its flat side and its edges

thickened ; color reddish brown ; entirely

inactive, the skin rigid ; location of ap-

pendages shown by tubercular projections

;

limits of head shown by a constriction near

the anterior end ; segmentation of body

plainly shown dorsally but less distinct

ventrally ; spiracles in shallow depressed line above the thickened edges.

Third larva.—Measurements difficult to make, though greater than for the

coarctate larva ; color white ; shape robu.st, lleshy, and mucli wrinkled, larva

Fig. 8.

—

Macrohanin immaculata, co-

arctate larva : a, Lateral view
;

a', ventral view. Enlarged.

^ Riley, C. V., Packard, A. S., and Thoma.s, Cykus. Fir.st Annual Repout, V. S. Ent.

Comm., Dept. Interior, U. S. God. Survey, 1877, pi. IV, figs. 4-7. 1S7S.
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assumin},' a liorseshoe sliaitc when at rest; head horny, yellowish, with front

almost vertical ; mandibles brown, curved ; autenme situated above the outer

edges of the bases of the mandibles, apparently three-jointed, with two fleshy

projections on the distal end of the third segment ; tii-st and second antennal

segments with basal rings of brown and third segment brown for almost its

entire length ; eyes minute black spots above the bases of the antenmie ; sutures

extending diagonally backward from the bases of the antennse, meeting at the

median line above the middle of the front; labrum separated from the front

by a brown suture ; legs fleshy, jointed, the distal ends thickly studded watli

stifC brown spines; spiracles on second body segment and on fourth to eleventh,

inclusive.

Pupa.

Length, about 17 mm.; width, aljout 7 nan. (measured from tip to tip tran.s-

versely extended femora) ; color yellowish white with translucent appendages:

head appressed on prothorax until front is almost parallel with body ; femur

and tibia of each leg folded together and extending forward, upward, and out-

ward ; tarsi extending posteriorly on the venter ; antennae extending pos-

teriorly dorsal to the anterior and middle legs; postei'ior margins of pro-

thorax and abdominal segments bearing stiff, curved spines.

Macrobasis UN Icolor Kirby.

Adult.

Specimens of Macrobasis lotirohir collected at (Janlei

about 13.6 mm. long and 3.4 mm. wide. Blatchley

variation in length as 8 to 15 mm. It is the slen-

derest of our species (fig. 9) and the sides are almost

parallel ; color ashy gray, sometimes with a yellow-

ish cast, but more uniform than in any other species

collected at Garden City, except the black ones.

Egg.

The eggs were not secured nor were the growing

stages of the larv;p identified.

f'OARCTATE LaRVA.

Five specimens vary in length from 10 to 12

mm., and in width from 4..5 to 5.5 mm. They are

rather slender and of a yellowish brown color. In

other ways they agree with the coarctate larvse of

J/o crobasis immacu hi ta.

, Kans., averaged

.gives the limits of their

!).—The ash-gray blis-

ter beeth- {Macrobasis

iinUolor) : Female beetle.

Enlarged. (Chittenden.)

Third Lakva.

Smaller and more slender than the corresponding stage in M. innnaculata,

but otherwise similar thereto.

Pupa.

The only specimen measured was 10 mm. long by 3 nun. wide. Though

smaller and more slender it was otherwise similar to the pupa of J/, iiit macu-

la ta.

48562°—L'l 2
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life history and habits.

Mackobasis immactilata Say.

oviposition.

The female of Macrohash immaculata deposits her eggs in small

cavities (fig, 10) prepared in the soil wherever she may be feeding.

In confinement no special preparation or arrangement could be ob-

served. While on the staff of the Kansas Experiment Station the

writer once observed oviposition in the field. The ovipositing female

first came under observation about 3.30 p. m. She was busilj^ engaged
in excavating and continued thus as long as Avatched. The place was
marked, and the writer returned at 6 o'clock to find her still at work.
The next forenoon the spot where the beetle had worked had been

smoothed over, nothing remaining to indi-

cate the location of the eggs except the

identifying marks. Careful excavation re-

vealed the outlines of a bell-shaped cavity

in which the dirt had been replaced and

Fig. 10.—Cavity prepared for loosely packed. In the Center of the floor

eggs by female of Mncrohasi^ ^y^s a Smaller cavitv that Contained a mass

ot several hundred eggs. Ihe eggs were

about 1^ inches below the surface, and without definite arrangement

or protective covering.

The earliest date at wdiich eggs were secured in confinement was

July 22 and the latest September 9.

Inct'uation.

As incubation i)roceeds the young larva soon becomes visible

through the transparent shell. The body is translucent, distinctly

segmented, and the head is closely appressed on the venter. The
mouth parts extend backward below. The eyes are black, the tips

of appendages brown, and the spiracles are ringed with brown. The
hairs are closely pressed to the body, the two long ones on the anal

segment being bent around so as to extend forward at the sides.

Eggs deposited July 22 hatched August 3, and some deposited

July 24 hatched on August 5 and 6. The incubation period is thus

from 12 to 14 days in length, but this becomes increased during

cooler weather.

Habits and Growth of Lakva.

The newly hatched larva soon becomes active. Where the beetles

are numerous during the summer the little triungulins soon abound,

and close observation will discover them hurrying about over the

ground. They go into every crevice and under every clod and piece
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of vegetcil)le nuitter. riieir mode of locating and enterin<^ grass-

hopper egg capsules has never been observed by the writer; but a

few weeks later the large, plump, white scarabaeidoid larvtc and

the reddish-brown coarctate larvae have been found in capsules of

grasshopper eggs. Probably a large percentage of the triungulins

fail to find grasshopper eggs and perish from starvation. The fact

that not more than one larva is ever found in a capsule indicates a

further mortality through struggles between rival claimants for

egg masses, since where the triungulins are so numerous it seems

certain that more than one would enter each capsule of eggs.

All evidence that has been secured as to the rate of growth and the

character of the accompanying transformations indicates that they

are similar to and probably parallel with those decribed by Riley,- in

the case of Ejncauta vittata.

On becoming full grow^n the larvae burrow away from the egg-

capsules they haA-e emptied, usually going much deeper, then turn-

ing toward the surface. There each larva foi*ms an elliptical cham-

ber at a slight angle Avith the perpendicular, stiffens out with the

head uppermost, and sheds the old larval skin, which remains around

the posterior portion of the abdomen. This leaves the elongate

hemispherical coarctate larva standing almost vertically on end in

the old exuvium and supported near the anterior end by the dorsal

portion resting against the wall of the cell. The depth at which

coarctate larva> are found varies, being from 3 to 6 inches l)elow tlie

surface.

The coarctate larvae have been found from late in summer until

late the next spring. No scarabaeidoid larvae large enough to be-

long to this species have been found during the winter or. spring.

This indicates that the species hibernates only in the coarctate larval

stage.

After the spring's warmth penetrates to the coarctate larva the

rigid skin splits along the anterior portion of the dorsal line. The
third larva wriggles out and burrows toAvard the surface. The
writer's earliest record of this transformation is dated May 28, but

another record gives pupation on May 27, so it is safe to say that the

third larvae begin to appear in Kansas about Ma}^ 20.

Pupation.

After a few days' activity the third larva has approachetl to within

1 or 2 inches of the surface. Here it constructs an elongate cell

at an angle with the horizontal of from 30° to 60°. It turns

on its back therein (fig. 11) and begins transformation to the

true pupa. The process requires several days, the exact time depend-

= Riley, C. V., I'ackard A. S., and Thomas, Cyrus. Op oit., p. 299.
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Fig. 11.—Pupa of blister beetle in situ in cell.

ing on the prevailing temperature. Piipse have been secured be-

ginning May 27 and continuing until August. Five that were han-

dled in confinement be-

tween May 27 and July 24

had an average pupal pe-

riod of 18 days.

Emergence of Adult.

As the time for emer-

gence approaches, the tips

of the appendages begin to

d a r k e n. The coloration

spreads gradually through-

out the appendages and
into the body. Several

days before the emergence

of the adults twitching

movements begin in the

tarsi. These become more
vigorous toAvard the end of

the pupal period, finally involving the legs and oral appendages.

During its struggles the beetle rights itself and explores the narrow

confines of its chamber. A thin, transparent, parchment-like mem-
brane loosens on the surface of its body and is torn beyond recogni-

tion by the sharp tarsal claws. Adults from

pupae that have formed against the walls of v /
glass containers have remained in the cells <i \ /
for several days after transformation before

digging to the surface. Whether or not such

is the case when light is excluded was not

determined.

Macrobasis unicolor Kirby.

The data secured on J/acwbasls tmicolor

add nothing to the general account given for

Macrohasis immaculata. The third larva'

have been collected by April 15, and eight

specimens secured by that time had yielded

the adults by May 30. The data on M. uni-

color indicate that it, also, hibernates as coarc-

tate larva.
RESULTS OF WORK ON EPICAUTA.

descriptive.

Epicauta maculata Say.

Adult.

Adult specimens of Epicauta maculata (tig. 12) varied from 10 mm. long

by 2.25 mm. wide to 13 mm. long by 3.5 mm. wide, which makes it one of the

Fig. l:i.—The spotted blis-

ter beetle (Epicauta
maculata). Enlarged.

(Chittenden.)
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.smallest ol' our coinniun hlistfr het-tlfs. The color may be either lij,'ht yray

or yellowish, with .scattered naked spots of the black background. The black

spots vary both in size and location, beinj? barely dis-

cernible on some beetles and at least 0..3 nun. in di-
'

N,T\.

-. „. t
Egg.

ameter on other;

The egg of thi.s species resembles that of Marro-

basis immaculata, but is smaller.

Lakva.

Tiiunyulin (fig. 13).—Length, about 1.2."i mm.:
width, about 0.4 mm. ; widest in front of middle of

head just behind eyes, from which point the head

tapers posteriorly for the last half or more of its

length. In this respect it agrees with triungulins of

Epicauta pcnnsylvanica and E. Icmniscata," but dif-

fers from Riley's figure of E. rittata.^ The head of

the latter is parallel-sided, resembling ilacrobasis

immaculata, but differing in having a very short pos-

FiG. 13.

—

Epicautu macu-
Jata: Triunjiiiliii. En-
largrd.

terior portion or neck

the length of the head.

ibout the middle of

the writer the eyes

anterior portion of

Fig. 14.

—

Epicauta cine-

rea: Adult. (Chitten-

den.)

lud in having the eyes located

In all triungulins examined by

are located nuich nearer the

the head.

In other respects the triungulin of this species re-

sembles that of Macrobasis immaculata (p. 8).

Active larvn-.—Neither tlie growing stages nor the

third larva were recognized so they could be described.

Coarctatc larva.—The writer's records show one

coarctate larva that measured 9 mm. long by 4 mm.
wide which yielded an adult of this species.

Pupa.

The pupa of this species was not described for lack

of authentic material. It is similar in color and ap-

pearance to th.-it of MitcrohafiiK lmi)ui<uhita, but much
smaller.

Epicauta cinerea Forst.

Adtt.t.

Length of adult Epicauta chicrca (fig. 14), from 8 to 17 mm.; width, 1.75 to

4 mm.; shape slender, with sides of elytra almost parallel; color, bluish to

light or yellowish gray.

Egg and Active Larva.

Neither the egg nor any of the active larval stages of this species were secured

for descriptive purposes.

2 Triungulins of this species were kindly furnished liy Mr. Thos. H. .Tones of the Bureau

of Entomology.
* Riley, C. V., Pack.vrh, A. S., and Thoma.s, Cyrus, op. cit., PI. IV, fig. 2.
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COAltCTATE L.VnVA.

Leiij;th oJ' coarctate larva (tig. 15), 7.45 nun.; widtli, 4.08 nnn. ; 28 specimens
varied in length from 6.25 to 9 mm. and in width from 3.25 to 5 mm. Shape
much more robust than that of the coarctate hn-va of any other species thus far

-The gray blister beetle (Epicauta clneiu

larva ; h, tbird larva ; c, pupa.

\) : a, Scarabacidoid

secured, l)eing almost straight longitudinally on the venter and without the

angular lateral ridges, thus leaving them almost circular in abdominal cross

section ; color a rich reddish brown, darker than any other species with which
the writer has worked.

Pupa.

The single pupa (fig. 16, c) of this species

which was measured had a length of 12 mm.

a h
Fig. 1G.—Epicauta cinerea: a, Coarctate

larva, lateral view ; b, coarctate larva,

ventral view.

17.— Epicauta ncricans:: Adult.

Enlarged.

and a width of 4 mm. In shape, color, and general appearance it resemljle;

the pup.'i. of MdcyolKiHiK iininaoilatn. hut is not so large.

Epicauta sericans Lec.

Adi:lt.

Of 29 adult specimens of Epicaitia sericans (fig. 17) the variation in length

was from 9.5 to 13 mm., with an average of 10.8 mm. ; color, light reddish brown
through yellow and gray to almost silvery ; antennje reaching to the elytra, the

segments except the .second being nearly as broad as long. The second segment

is nearly twice as long as thick ; sides of elytra nearly parallel.
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Fig. 18.—The black blis-

ter beetle (Epioauta
penuKyh'unica) : Adult.

Enlarged. (Chittenden.)

Kv.o AND Young L.\kv.\.

The eag has not been secui'od or the growiiif? stages of the larva recognized.

(JOAUCTATE LaKVA.

Tlie average of 10 coarctate larvje was G.S75 mm. in length by 3.8 mm. in

width. They are reddish brown, l)ut not so (hirk as those (»f E. cincreo. and
the lateral ridges ai'e present and distinctly angular.

Thiki) I>ai{Va.

The third larvie are 7 to 8 nnn. long by 2..5 to

3.r» nun. wide. In shape, color, and general appear-

ance they resemble those of Mdcrolxixis ininKicuhita.

Pupa.

A description of the pupa has never been secured.

Epicauta pennsylvanica De G.

Adult.

Epicauta pe)\nsijlranica (tig. 18) is the smallest

of the black blister beetles that occur in Kansas.

Of IS specimens, the length varied from 8.5 to 14

nun., averaging 10.3 nun., and the width from 2 to

4 mm., averaging 2.88 mm. ; shape rather slender

;

color dull black.
Egg.

The egg res-embles that of Macrohasis immaculatn, but is nuich smaller.

Tkiungulin Larva.

Length of triungulin larva (fig. 19) about 1.3 mm.; widtli about 0.3 mm.,

widest through the liead about midway of its length, which is just behind the

eyes, and tapering to the prothorax, into which it telescopes slightly ; color,

brownish yellow, translucent. In shape and general appearance it resembles the

triungulin of Macrohasis immaculata.

None of the other larval stages have been secured, even the coarctate larva of

this species having escaped recognition.

LIFE HISTORY AND HABITS.

Epicaitta :\rACUEATA Say.

OVIPOSITION.

While on the staff of the Kansas Experiment

Station the writer observed oviposition by a fe-

male of Epicauta niaculata^ as well as by a female

of Macrohasis innnaculata. Both Avere working

at the same time, being discovered only a few

yards apart in the edge of a field. The process was

identical with both females, lasting from before

3.30 p. m. until after 6 p. m., as described under

M. immaculata. The cavities to receive the eggs

were made exactly alike—bell-shaped, with the

flaring end down and the eggs reposing in a

further depression at the center of the bottom of

the bell: but the cavity made by E. maculata was only abotit 1 inch

Fig. 19.

—

Epicauta
pennnylianica: Tri-

ungulin. Enlarged.
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deep, as compared with 1^ inches for the other. Several hundred e^gs

were in each nest.

In confinement eggs have been secured from July 27 to September

22. Confined females lose their instinct for careful oviposition,

placing their eggs under a clod or leaf, or scattering them about on
the surface without covering.

Incubation.

Incubation proceeds as described for Macrohasls immaculata.

Eggs secured July 31 hatched August 18, and others deposited Au-
gust 1 hatched August 22, giving an incubation period of from 18

to 21 days.

Habits and Growth of I^arva.

The newly hatched larvse soon become active. Their activities

parallel those described for the triungulin of Macrohasis immaculata.

The coarctate larvae are found near the surface, being but little

deeper than the lower ends of the grasshopper egg capsules. Many
are taken directly from the capsules. In confinement one third-stage

larva appeared on May 6, the pupa was fully formed on May 12,

and the adult came forth on May 25. The adults appear in numbers

earlier than those of any other species of Cantharini taken in this

region, this fact being corroborated by field observations. Since

eggs were secured on September 27 it is evident that the adults occur

throughout the summer.

Epicauta cinerea Forst.

Oviposition by Epkauta cinerea has never been observed, nor have

the habits of the larvae i)receding the coarctate been studied.

The coarctate larva? have been collected at all seasons of the year

and wherever grasshopper eggs are to be found. They occur from

2 to 5 inches below the surface in nearly upright cells, in which the

larvae are disposed as described for Macrohasis immiaculata. The
earliest date at Avhich third larvae have been collected was between

April 12 and April 16. They are frequently found during the last

"week in May.
According to the writer's records the earliest pupation in confine-

ment occurred May 8 ; but an adult for which the pupation was not

recorded emerged on the same date, thus indicating pupation at

least 10 days earlier. Other transformations follow rapidly and

continue through the summer. From the dates recorded for the

transformation of this species it would seem that its appearance in

the field should precede that of Epicauta maculata^ which, as stated

above, is the earliest to appear of the Cantharini of this region. The
apparent contradiction is reconciled by the occurrence of most of

the coarctate larvae at greater depths than those of E. maculata^
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which prevents the reception of sufficient heat to start activity early

in the season. Only those individuals of E. cinerea that are near

the surface appear with the main brood of E, raaculata.

Epicai'ta seiucans Lk( .

Adults of Eplcauta sermvnH have been collected from June 6 to

September 11. They are commonly found feeding; in flowers on

many kinds of plants, often being taken on sunflower {rielianthus

spp.), other Composita?, the scurvy pea {Piioralea tenuifora), alfalfa,

j^eanuts, and other cultivated legumes.

The egg:s have not been secured or the growing stages recognized.

The coarctate larvae have been collected during the fall, winter, and

spring, and emergence begins early in June. For these reasons this

species is believed to develop normally one generation annually,

hibernating as coarctate larva : but instances of retarded develop-

ment have occurred, and these are considered under the proper

heading.

Epicauta pexxsylvanica De G.

The adults of the small black blister beetle have been collected

at Garden City, Kans., from August IT to November 11. At the

latter date about half the adults had died, and the remainder were

so stiff from cold that they could not cling to vegetation. The}^ were

first found on blossoms of the goldenrod {SoHdago spp.), but later

fed on the blossoms of the many-flowered aster {Aster multi-flora)^

alfalfa, and a few other plants. Eggs were not found in the field,

but were secured from adults confined on earth in a battery jar. On
October 20 a cluster of 363 was deposited about half an inch below

the surface. The eggs hatched on November 15, which was too

late for development to proceed. This agrees with Riley's state-

ment ^ that the species evidently hibernates as the triungulin.

IRREGULAR DEVELOPMENT.

During the progress of these investigations some marked varia-

tions Avere observed in the time required for development. Of
active, grown larvae collected at Garden City, Kans., during the

period from April 12 to 16, 1916, three transformed to coarctate

larvae of Epicauta cinerea by May 7. When examined again on
May 29 they were found dead as third larvae, having perished from
lack of moisture. Under the circumstances it is impossible to say

whether these specimens were mature scarabaeidoid or the third

larvae when collected. Most specimens of Epicauta cinerea that have

6 RiLBY, C. v., Packard A. S., and Thomas, Cyri's. Op cit., p. 301.
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been reared came from coarctate larvae that Avere collected durin<r the

fall and winter.

Seven mature coarctate larvse of one type, collected during the

Avinter of 1913-14 were placed on soil in a perforated tin box. Dur-

ing the summer the box was buried in the insectary at a depth of

about 2 inches and forgotten. The writer chanced upon it again

November 25, 1914, finding in it six coarctate larvae, one dead third

larva, and seven cast coarctate skins. Only one explanation is pos-

sible. The coarctate larvae all transformed to the third larvae, and

six of them reverted to the coarctate condition again. The seventh

perished. On May 30, 1915, the six coarctate

larvae were separated into two lots of three each.

One lot Avas placed in dry eartli. the other in

damp earth. The former showed no signs of

activity. Of those in moist earth, one had de-

cayed by July 2, another had transformed to

third larva, and the third specimen remained
unchanged and apparently healthy. The third

larva continued its transformations, and on July
24 yielded an adult of Epicaufa -scHcans. The
four unchanged coarctate larvae Avere stored in

dry soil until the spring of 191G. Upon being
Fig. 20.—Striytd blister • - i -, i i^

beetle (Epicauta rit- moistened they decayed at once.

tata)
:

a, F e lu a 1 o A coarctate larva obtained cluriug the winter

largid.' ^Mttend^"!) '^^ 1913-14 did uot yield the adult until July 7,

1915. This proved to be Macrohasls immaculata.

Kiley" reports cases of retarded deA^elopment in Epicauta vittata

(figs. 20, 21). From the same batch of eggs he had beetles mature

in one, two, and three years. Regarding one which required three

years he Avrote as follows

:

lu this case the individual, thougli submitted to exactly the same conditions

as the other specimens, which had simultaneously hatched with it—but which

went through all their transformations within either one or two years—re-

mained dormant for nearly three years, with their repeated changes of season

and temperature. With the exception of the first winter, when it Avas kept

indoors without freezing and when development should have been presumal)ly

hastened, the specimen was kept in a tin box buried the proper distance beneath

the ground out of doors, so as to be as nearly as possible under natural con-

ditions.

Continuing the discussion of retarded development, he says:

In the case of our blister-beetles, depending as they do on locust eggs, and

especially in the case of those which feed particularly on the eggs of migratory

species, it is not difficult to perceive hoAv this trait may prove serviceable to

the species possessing it. Migratory locusts occur in immense numbers in some

« Riley, C. V., Packaud, A. 8., and Thoma.s, Cvrds. Second Report, U. S. Ent. Comm.
Dept. Interioi-, 1878 and 1879, pp. 260-261. 1880.
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particular part of the country at irrefrular intervals, and there are periods o"

years of absolute iiuiiiunity from their presence in the same regions. The young

blister-beetles that hatch the year following the advent of the locusts iu

immense numbers may frequently find few or no locust eggs upon which to

prey, and the great bulk of them would, as a consequence, perish; while the

young from such exceptional individuals as should not develop till two, three,

or more years after a locust invasion might stand a nuich better chance of

finding appropriate food and of thus perpetuating the species. In this case

and in most other cases of retarded development with which we are familiar,

the exceptional retardation may and does become a benefit to the species,

enabling it to bridge over periods of adversity. And we can see how, by the

preservation of such favored individuals, the habit of irregular development

may have become fixed in the species as a consequence of surrounding con-

ditions and circumstances wluch render it advantageous.

Fig. 21.—striped blister beetle {Epicauia littata) : c, Triungulin

larva ; d, second or caraboid stage ; e, same as d, doubled up as in

pod ; f. searabaeoid stage ; g, coaretate larva. All except e enlarged.

(After Riley.)

In these two paragraphs Riley points out the tendency to irregidar

development whicli is exhibited in blister beetles, and the benefit

which it undoubtedly is to the species. He discusses the irregularity

as a tendency which is already acquired, though indicating its origin

" as a consequence of surrounding conditions and circumstances."

Whether he believed that irregular development could be induced in

individuals by subjecting them to certain conditions he does not

state.

During retarded development the additional time involved is spent

in the coarctate larva stage. Low temperature inhibits development

in any stage, but in the other stages activity is resumed with increased

temperature. The hardy triungulin can survive for two or three

weeks without food, but Riley reports ^ that the first molt is usually

experienced about the eighth day after the first taking of food, in-

dicating that normal development begins with reception of nourish-

ment. Entering an egg-capsule automatically limits the food a

' Riley. C. V., Packard^, A. S., and Thomas, Cyrus. First Annual Report U. S. Ent.

Comm. Dept. Interior, U. S. Geol. Survey, 1877, p. 299. 1878.
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tnimgulin can secure. If the eggs in a capsule fall short of the

minimum requirement to carry the larva to maturity it perishes ; if

they exceed this minimum the difference is registered by the size of

the beetle wliich develops. Consequently, in a giA^en species there is

great A^ariation in size of the adults. The third larva is injuriously

affected by insufficient or excessive soil moisture; however, the vari-

ation or limits in which it is safe are commonly prevalent in semiarid

regions during spring and early summer. The pupae are exceedingly

sensitive, being injuriously affected by excessive soil moisture, han-

dling, high temperature, or a soil rich in humus. Even prolonged

high humidity injures them. Many on which a little earth dropped

or that are exposed during an examination gradually turn dark and

decay.

The coarctate larvse, on the other hand, are resistant to handling,

to exposure, to drying, or to any soil disturbance that does not crush

them. They have even become overgrown by saprophytic soil fun-

gus while in storage without loss of vitality. Excessive soil moisture,

however, or continued high humidity, such as is necessary to pro-

duce conditions that favor the dcA^elopment of fungus, is usually

detrimental. The position of the coarctate larvae in the soil facili-

tates drainage, standing, as they do, on end in the old exuvium and

touching the soil only in the dorsal region of the prothorax. Treat-

ment to which they were submitted by the writer also demonstrated

their abilitj^ to withstand extreme exposure and drying. Coarctate

larvae that remained for months in open containers without soil, in

open containers on dry soil, and buried in pulverized dry soil have

transformed shortly after being placed in moist soil.

"^Tien coarctate larA^ae are very dry during the spring and early

summer the rigid skin often splits immediately if water is thrown

directly upon it, the larvae emerging within a few minutes. Such

dry coarctate larvae also soon transform when placed on moist earth.

Coarctate larA^ae that are kept dry during the spring and summer
may or may not give forth the third larvae when moistened in the

fall. The instance cited of seven that were buried and forgotten

and later found to have become third larA-ae, six of which reverted to

the coarctate stage, illustrates another mode of behavior of such

specimens. During the time they were buried the insectary was

flooded by run-off irrigation water from an adjacent field. The

floor was barely covered by water and dried quickly, especially in

the end where the box was buried. It is possible that enough water

penetrated the box to initiate deA^elopment, but not to complete it.

The six larvae that resumed the coarctate stage did so as a protective

measure, or else the coming of cold weather caused this resumption.

The writer attributes their reversion to one of these alternatives.

Granting the correctness of these deductions, it indicates a more
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complete adjustment to the semiarid conditions under ^A'hich they

thrive best than anything in Rik^y's Avritin<;s that have come before

the writer.*^

An attempt Avill be made to apply these conclusions to field con-

ditions as found in western Kansas: The rainfall is most abundant

in sprinj^; it gradually decreases through the summer, but increases

again toward fall. The coarctate larvao that receive sufficient mois-

ture transform as soon as the temperature becomes favorable, and

usually are able to complete their life history before the moisture

becomes deficient. If for any reason—lack of rainfall, impervious

soil, or deflection of rainfall by sheltering vegetation—the soil mois-

ture is deficient, the coarctate larvae remain dormant. If, after their

appearance, the third larvae find insufficient moisture they revert to

the coarctate stage, and they may behave similarly if low tempera-

ture occurs. It is not known how long coarctate larvae can remain

dry in undisturbed cells without impairment of their vitality.

The preceding discussion of the environmental factors responsible

for the phenomenon of irregular development in blister l)eetles is

intended not only to present the author's interpretation of his data,

but to direct attention to what he believes is a fertile field for re-

search on the factors influencing insect development. The incom-

pleteness of the data will insure the reception of this paper as a re-

port of progress of work done during this period with the available

time and material, instead of as a definite statement of results and

conclusions.

CONTROL MEASURES.

While the writer was engaged in the work on life history and
habits of blister beetles, tests were made of remedies whenever an

opportunity occurred. The work on remedies may be considered

under two heads: (1) Effect of arsenicals, contact insecticides, and
repellents; and (2) control measures in infested fields.

effect of arsenicals, contact insecticmes. and repellents.

Arsenicals.

The widely prevalent idea that arsenicals are ineffective against

blister beetles was left in doubt in the earlier tests of the poisons by

the writer; the beetles would disappear, leaving but few dead ones

visible. In order to learn definitely whether the beetles were killed

by the poisons single beet plants were sprayed w4th each kind and
beetles confined thereon in cages, 10 beetles being placed in each

cage. The experiment was conducted three times during July, 1913,

and the data are given in Tables 1, 2, and 8. The kind of poison

« The writer has read only the reports of the U. S Entomological Commission.
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used is indicated at the heads of the cohimns, with its streiifrth in

pounds to so many gallons of water. With Paris green an equal

quantity of quicklime was used.

Table 1.

—

First experiment in the use of arsenicals, contaet insecticides, and
repellents against blister beetles; begun June 30, 1913.

Date.
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Diirin<; these exj)erinieiits Paris green has, except in one instance,

killed the beetles in less time than zinc arsenite. Its killing? time has

been consistently shorter throujj^hout than lead arsenate in (jiiantities

that it is practicable to apply. The results from Bordeaux mixture

do not justify its use in this connection. Of the beetles })ois()ned

(hirino; these experiments very few remained in si<jht. Most of them

were to be found amonj; the bases of the stems or under clods about

the base of the plant.

Kepkllenth.

To determine what substances possess the greatest repellent prop-

erties, part of a cluster of beet plants was sprayed with Paris

green, part Avith Bordeaux mixture, part Avith fish-oil soap, part with

nicotine sulphate, and the remainder with water. A large screen

cage was then set over the beets and about TO beetles introduced.

They scattered over the plants indiscriminately, but none fed "bn the

ones treated with Paris green and Bordeaux. A little foliage was
eaten from the plants treated with nicotine sulphate and soa]). The
beets sprayed with water were defoliated.

( \)XTACT I XSECTICIDES.

Lime-sulphur in strengths up to 30 per cent did not produce satis-

factory results. The weaker solutions had no effect on tli^ beetles

and the stronger ones stunted the beets.

Whale-oil soap, 1 pound to 2 gallons of water, killed beetles that

could be thoroughly wet. but injured both sugar beets and potatoes

on which the applications were made. No othei- contact insecti-

cides were tested.

CONTROL MEASURES IN INFESTED FIELDS.

On June 23, 1913, blister beetles attacked a half-acre field of

sugar beets at the Garden City branch of the Kansas Experiment
Station. Most of them were the small-spotted blister beetle {Ei)i-

cauta maculata) , but the outbreak included a few of a large gray

blister beetle or spotless blister beetle {Macrobasis vnimaculata) . The
little four-leaved plants had been stripped to the midribs over most
of the field, and on the remainder the beetles were feeding. They
were also crossing the road into a patch of Irish potatoes.

The beets where the beetles were feeding Avere sprayed Avith 1

pound of lead arsenate in 9 gallons of Avater. Part of the potatoes

Avere sprayed with 1 pound of zinc arsenite in 32 gallons of Avater,

part with 1 pound of Paris green and some lime in 40 gallons of

water, and the remainder left as a check. The beets were so small

and so badly eaten before being sj^rayed that they neAer recovered.
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The sprayed potatoes Aveie only slightly injured l)y the l)eetle.s, but

the iinsprayed ones Avere defoliated (fig, 22).

On July 5 a small patch of potatoes, groAvn by Dr. C. O. Town-
send of the Bureau of Plant Industry for experimental purposes, was
attacked by blister beetles of several species. The potatoes were

being sprayed with Bordeaux mixture, so Paris green was added
thereto for part of the patch and zinc arsenite for another portion.

The potatoes designed to be left as a check on the Bordeaux treat-

ment were sprayed Avith Paris green alone. These potatoes suffered

Fig. 22.—Fi.iU ui iJulaiui-s attacked by blisltn' bctllcs ; strip through middle left un-
.sprayed. Sprayed oii left and on extremo right. (Photo by Lill. Bureau of Plant
Industry.

)

very little during the attack. Another invasion occurred three

weeks later, at which time the potatoes were all sprayed with Paris

green, 1 pound to 25 gallons of Bordeaux where the latter was used,

and the same strength alone on the remainder. Xo damage resulted

from the second attack.

Three acres of sugar beets belonging to Mr. D. A. Sheaks, of

Garden City, Kans., Avere attacked by blister beetles that gathered

in one edge of the field, most of them being large beetles {Macrohasls

hnmaculata) . On July 26 about half of the field, including the in-

fested portion, Avas sprayed Avith \\ pounds of Paris green and some
stone lime in 50 gallons of water. The beetles ceased their injury on
the sprayed portion of the field, those that escaped collecting on
beets on the. unsprayed area. Xot more than 25 per cent of them
AA-ere killed.

On July 28 blister beetles from a freshly cut field of alfalfa

gathered in a one-acre field of beets. About one-third of the patch
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was sprayed, 1 pound of Paris frreen and some lime in 25 «rallons of

water bein^ used. Another half-barrel of the solution was then pre-

pared, the nozzles were changed for others having smaller openings,

and the spraying was completed, only about a third of the second

half-barrel of solution being used. The next morning dead beetles

were numerous among the bases of the leaves and under clods. Those
that remained alive were mostly stupid and helpless. The beetles

Avere Epkauta cinerea and Macrohasu un'tcolor, which are of only

medium size.

On July 25, 1914, a test was started at the Garden City branch of
the Kansas P^xj^eriment vStation on two tenth-acre plats that had
been attacked by blister beetles to determine the comparative value of

spraying and dusting. Paris green was used as a spray, 1 pound to

25 gallons of water; as a dust. 1 pound to 5 pounds of powdered lime

;

and lead arsenate was used as a dust without dilution. Part of each

plat was treated with each formula. There was no perceptible dif-

ference in results. Of the small beetles {Epicauta maculata) a large

percentage were killed, but of the large ones {Maerol)<ii<'ii< se(/nientata

Say, and Macjohasi.s immaculata) more escaped than were killed.

When disturbed while feeding l^lister beetles drop or climl^ down
rapidly to the ground and run away, sometimes traveling several

yards before stopping to feed. Fields that are attacked by them may
often be saved by taking advantage of this habit and driving them off.

Several persons form a line and advance through the field, knocking

the beetles from the plants with brooms, sticks, or pieces of brush.

The advance should be slow, allowing time for killing any beetles that

fall behind. At Garden City five persons in half a day drove the

beetles out of 25 acres of beets. The method is to be recommended
whei-e most of the beetles are of the large varieties, where the plants

are small and unable to survive defoliation if it occurs, or where for

any reason immediate results must be secured. It is not practicable

where abundant foliage affords concealment for the beetles.

SUMMARY OF CONTROL MEASURES.

Attacks by the smaller beetles are easily controlled by spraying

with 1 pound of Paris green with lime in from 25 to 40 gallons of

water. Manj^ of the larger species are killed by the stronger solu-

tion. Dusting with 1 pound of Paris green to 5 pounds of powdered

lime or with pure lead arsenate is effective against the small beetles,

but can not be recommended against the larger ones. Driving the

beetles out of the field is recommended wherever the work of the

beetles must be checked at once.
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The application of contiol measures for blister beetles must take

into account the relation of these insects to grasshoppers. As long

as the latter are present their eggs provide food for the young of the

beetles. The destruction of the grasshopper eggs leaves the blister-

beetle larvae without food, thus being doubly beneficial. Incorporat-

ing into the farm practice of a community the simple measures that

are known to hold grasshoppers in check will eliminate the danger

from blister beetles.
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INTRODUCTION.

Notwithstanding the obvious economic importance of chiggers,

and an ahnost universal acquaintance with their injury, little has

been done in the past to ascertain their habits in nature or to find

eflEicient methods for their control. Because of these facts the writer

decided early in the season of 1919, with the approval of Dr. L. O.

Howard, Chief of the Bureau of Entomology, to begin a series of

experiments and observations on their biology and control. The
work was started in June of that year and continued until the fall of

1920. For various reasons it was thought advisable to discontinue

the work then for some time, hence the results thus far obtained have

been prepared for publication. It is the expectation of the writer,

in the near future, not only to complete the life history for at least

one of our species, but to give a synopsis of the taxonomy and dis-

tribution of the species occurring in the United States.

SPECIES CONCERNED.

Years ago C. V. Riley {lOy described from this country ("south-

western States ") two chigger species under the familiar names of

^Reference is made by number (italic) in parentheses to "literature cited," page 19.

556720—21 1
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Leptus mnericanus and Leptus irritans. Although these names have

been used frequently in American literature dealing with economic

entomology, and the figures of Riley's two species often copied, the

present writer is bound to confess that after studying carefully

Riley's descrij^tions and figures and some of his microscope slides

(types?) he has been unable to correlate either amer'icanus or irritans

with the two species with which he is familiar. Further than this, it

can now be fairly definitely stated that americaniis is not a species of

Trombidiidae at all, but is rather a species of the family Eryth-

raeidae, a group to which the genus Leptus really belongs, as Riley's

figure clearly shows, Leptus irritans is

the larva of a species of Trombidiidae,

but the characters given by Riley are not

even of generic value; hence it appears

that it will never be known certainly what

species his irritans is.

In New Jersey, Maryland, the District

of Columbia, Virginia, and southeastern

Iowa there is apparently a single chigger

species. The writer has examined many
specimens from these sections and finds

that they are all the same.

In the northern and western part of

the United States there is another very

closely related species which has the

body shaped exactly like the first men-

tioned but has more dorsal spines on the

abdomen, and fewer branches or barbs

on the palpal setse. This is the species

studied by C. W. Howard (6). Specimens have been examined from

Minnesota and Kansas.

NOTES ON SEASONAL HISTORY.

Chiggers are especially pests of the summer months, as has long

been known, but the period of their activity has not been known,

even relatively. During the year 1919, at Washington, D. C, the date

of the first record of larvae attaching themselves to man was July 2,

and by July 17 larvae were present in great abundance. On the

latter date the writer was severely attacked. During the remainder

of July and the whole of August the chigger larvae continued in

great abundance, and almost daily records of their attacks were

obtained. In September the attacks were much less severe, yet con-

tinued. On September 22 several larvae attached themselves to man
at Chesapeake Beach, Md. No records for the northern part of the

United States of chigger attacks in October have been brought to

Fig. 1.—Dorsal view of an
American chigger (legs omit-

ted), X 150. This drawing
was made from specimens in

the University of Minnesota
collection, which were taken

at Lake Minnetonka,
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the writer's attention, but some of the larvae are probably active

during this month.

During the season of 1920 the chif^gers Avere first noted in south-

eastern Iowa on June 24, when several attached themselves at Keo-

sauqua, where they Avere present in the State park.

How chiggers pass the late fall and winter is not known, and will

not be known until more work is done on the life history of the

species and something is known of the nymphal and adult instars.

LOCAL DISTRIBUTION.

Investigations of the last year and a half have thrown much light

upon the local distribution of our chiggers, which in turn may fur-

nish the clue for locating their natural hosts and thereby give us

an opportunity to rear the larvae to maturity.

Around Washington, D. C, the chiggers usually have been encoun-

tered where there Avas a heavy growth of wild brush or blackberries.

They are not found in cultivated fields or where the ground is bare

or in well-kept parks and lawns. Usually they are absent from

meadows and from Aveed patches unless some kind of groAvth of

canes or shrubbery is present. They are alwa^^s encountered to some

extent in Avoodlands, but are present in great numbers only where

there is a considerable growth of underbrush.

In the State of loAva the chiggers haA'e an e\^en more interesting

distribution. Here whole counties in the northern part of the State

are apparently free from them notwithstanding that conditions for

them seem ideal. The writer has collected mites for years about

Ames, Iowa, and on many occasions has made special trips in search

of chiggers, but has never found a single specimen in this locality.

Yet the town of Ames is almost surrounded by Avoods and hemmed
in by two creeks, and there are situations almost exactly like those

along the lower Des Moines River, Avhere chiggers are abundant.

Judging from the records up to date, chiggers are only present

along the main riA^er courses in the south-central, southeastern, and

eastern parts of Iowa. From the city of Des Moines north along

the Des Moines RiA-er the writer has not been able to collect speci-

mens, although the attempt was made in scAeral localities.

The environment found necessary in Iowa is the same as that in

Virginia or Maryland, since nearly all the land is giA^en over to

cultivation; hoAvever, chiggers are found only in a relatively small

area, while in the East they are found over very extensive ones.

HABITS OF UNATTACHED LARV^.

The belief has been almost universal that chiggers in this country

are found in the grass. Observations haA'e failed to confirm this

theory. It Avas found that our northeastern species occurs almost
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exclusively at or near the surface of the soil. In this respect the

larvae differ from tick larvae, which climb up on vegetation of various

kinds and remain in wait for a host. People frequently get chiggers

when they go into the grass, but our eastern species approaches from

the ground. The mites can be found in surface scrapings, but re-

peated attempts to recover them from growing vegetation have

failed.2

If chiggers attack man almost solely from the ground the question

may be asked. How are we to account for attachments around the

waist, under the armpits, and about the eyes? Again, observations

show that chigger attacks are seldom made above the waistline,

unless the clothes are quite loose around the waist, or the individual

has been sitting or reclining on the ground. When one simply walks

through a chigger-infested region, the larvae are first found about

the feet and ankles. Here they can be seen with a hand lens. They
run with great rapidity, so fast in fact that it is very hard to catch

them. From the ankles they spread upward, few as a rule attaching

here, unless the clothing is tight ; if so, many may attach. As they

pass upward many of the larvae either stop themselves or are stopped

at the garters, if these are worn below the knees. If they pass the

garters large numbers will attach in the space under the knees.

Those that pass the knees usually go as far as the waistline before

they attach.

Two factors are of importance in regard to the localization of

chigger attachment—the tightness of the clothing at certain parts of

the body and the thickness of the skin. The garters around the legs

and the belt around the waist act as semieffective barriers. For a

great many minutes, sometimes for a few hours, the larvae run over

the skin hunting a favorable place of attachment. These rapidly

moving larvae are halted by the garter or belt pressure, and after

struggling some time either to pass through the mesh of the clothing

at these points or to extricate themselves may attach without further

search. The writer has watched these active larvae on the skin of

man before and after attachment and finds that tight clothing does

not aid them in " digging in " by furnishing a fulcrum, as has been

supposed. In fact, it was found experimentally that chiggers do not

" dig in," as has been so frequently stated, but remain attached ex-

ternally like a tick does.

The thickness of the skin is of great importance in localizing chig-

ger attachments. AVhere the skin is unusually thick the larvae

attach with great difficulty or not at all ; and of those that do attach

2 Dr. P. H. Chittenden has reported to the writer chigger attacks coming from over-

head vegetation. The writer has never experienced sucli attacks, and up to the time of

the preparation of this paper none had been reported to him. It may be that a second

species, which is relatively rare, occurs in this vicinity, as Dr. Chittenden suggests.
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many can not remain attached during the body movements of the

host or are not able to reach the lymph supply of the true skin and

engorf^e. Of the thousands of chigger attachments observed by the

writer, not a single one was found on the calloused parts of the

hands or feet.

HOSTS.

It was the belief of earlier entomologists that chiggers lived upon

the juices of plants. That C. V. Riley shared this common belief is

evident from the following statement (10) which he made in regard

to one of his species

:

The normal food * * * must, .-ipparently, consist of the juices of plants

and the love of blood proves ruinous to those individuals who get a chance to

indulge it.

When it was learned by actual rearing experiments that several of

the species of Trombidiidae were normally parasitic on terrestrial

tracheates, this older theory Avas dropped, and it was commonly as-

sumed, and frequently stated, that the chigger larvae were normally

parasitic on insects and closely related invertebrates. This belief

was equally shared by the mite specialist and the general ento-

mologist ; but that the chigger larvae could be normally parasitic on

vertebrates was never suspected ; in fact, the references to their

" death feast " on man or domestic animals continued as numerous

as before.

When the writer began, in the summer of 1919, his search for the

natural host of the species occurring in Virginia and Maryland, he

collected all insects found parasitized with trombidiid larvse. These

larvae were examined to see if any of them belonged to the species

attacking man, or were in fact true chiggers. Although many in-

sects and other tracheates were found parasitized, in no instance did

these parasitic larvse prove to be the species attacking man.

Not satisfied with this method of investigation, another was in-

stituted. On some vacant lots that had grown up to a considerable

extent in blackberries and which were very heavily infested with

chiggers (over a hundred attached in less than two hours), insects of

all kinds were collected. There were hundreds of them and scores

of species.

These insects were taken to the laboratory and examined both

alive and after killing in cyanide bottles, and in no case was a

single specimen of our eastern chigger found. The sweepings and
other collections were so thorough that this observation convinced

the writer that the chigger found in the vicinity of Washington is

not a normal parasite on terrestrial tracheates that live above the

ground.
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Although never believing in the old vegetarian theory of the

earlier entomologists, the writer decided to give this theory a test.

First a minute examination was made of the blackberry plants, in-

cluding all parts both in and above the ground. Not a single chigger

was found on them. Then the examination was extended to the

other plants growing on the vacant lots—goldenrod, several grasses,

and a number of common weeds. Each plant species was taken by

itself, specimens were pulled up, shaken over white paper, taken to

the laboratory, and even examined in parts with the microscope.

After several days of fruitless attempts to locate the larvae feeding

on plants the work was stopped, for evidently they could not have

been feeding normally on these, or at least a few of their enormous

numbers would have been encountered.

About this time there appeared in this country the extensive paper

by Drs. T. Kitashima and M. Miyajima (7) entitled, "Studien ueber

die Tsutsugamushi-krankheit," in which is given, among other

things, a summary of the work on the life history and habits of the

Japanese chigger, TromhicuJa coarctata Berlese (i). These writers

claimed to have reared this chigger mite from field mice and to have

established the fact that it was normally parasitic on the same. A
few days later Dr. Miyajima, who happened to be visiting in this

country, called at the Bureau of Entomology while in Washington.

During his stay he reiterated his statement that the Japanese chigger

was normally parasitic on field mice and also said he believed that

it normally parasitized various other mammals.

Following the conference with Dr. Miyajima, it was decided at

once to investigate the small rodents which were known to exist in

the vicinity and on the ground of the infested lots. A dozen traps

were procured and trapping began with these on September 13 and

continued until September 24. In all, traps were set in 21 different

situations, including 13 in the infested area and 8 on adjoining unin-

fested ground. Small mammals, chiefly rodents, were caught and

examined microscopically in the laboratory as follows

:

September 13 4 September 18 2 September 23 1

Septem.ber 15 3 September 19 1 September 24 1

September 16 1 September 20 1

September 17 2 September 22 1

In all, 17 small mammals were caught, all within 11 days. Among
those obtained the following were determined by Dr. Ned Dearborn,

of the Bureau of Biological Survey: House mouse {Mus musculus)
;

common meadow mouse {Microtus fennsylvaniens) ; short-tailed

shrew {Blarina hrevicauda)

.

Not only were the skins of these mammals examined carefully, but

the ears and some of the other parts were removed and washed

violently in alcohol and the washings examined. As a result of these

examinations not a single chigger was found.
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This examination of the small mammals of the infested area, it

should be noted, was made late in the season. It is possible that if

the trapping had been done earlier, different results would have been

obtained. Durinfr the summer of 1921 such trappin^^s are planned

for the months of June and July. It will be interestinjr to observe

the results.

Amon*^ other hosts held under suspicion were reptiles. Tortoises

were found in the vicinity of the infested area. These were cauf^ht

and examined, but no chig^^er larvae were found. Early in July,

1920, Mr. William Palmer, of the National Museum, captured a large

king snake, Lam/propeltls getuhis f/etulus, at Chesapeake Beach, Md.,

that had hundreds of mite larvae attached to its skin, between the

scales. He brought the snake to the Museum, and when it was

shown to the writer a few days later it had molted. In the cast

skin were found hundreds of trombidiid larvae in various stages of

engorgement. An examination of these shoAved them to be no other

than the chigger that attacks

man along the Atlantic slope.

Parts of the cast skin with

chiggers attached were placed

in breeding cells, and chig-

gers that appeared fully en-
1 1-1 • 1 1 • Fig. 2.—Right chelicera of a chigger-mite larva

gorged were likewise placed in ^^.^^ ^^^ f^^i,^_ ^ 1,200. Drawtg made from

breeding cells, but in neither specimen taken at Lake Mlnnetonka, Minn.,

case did any of the larv^ ^^^ SSon.
*' '"' University of Minne-

transform into nymphs.

Those attached to the skin of the snake remained attached and

soon died unless forcibly removed. The actions of the chiggers

in remaining attached to the skin after the latter was cast and their

dying in this attached position would seem to show that the king

snake is not a natural host. Further, it is known that chiggers exist

in enormous numbers where very few snakes of any kind are found.

The determination of the natural hosts of our American chiggers

has not been made. Further investigation along this line is needed.

INJURY.

CHIGGER INJURY CONFUSED WITH MANY OTHER KINDS OF INJURY.

Of the many complaints about chiggers that have come to the

Avriter, a very large number, fully one-half in certain sections, were

found upon investigation to be due to hives, caused by the disagree-

ment of some food eaten and probably accentuated by hot weather,

A very large number of complaints supposed to be concerning

chigger attacks were found to be due to nettling from some thorned

plant. Serious attacks in a front lawn in Virginia, reported to be
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due to chiggers, were found to be due to Hyletastes missouriensis

Ewing, a gamasid mite, the habits of which are not well known.
Injury from fleas is very similar to the first-stage injury of chig-

gers, and since fleas soon leave their hosts and chiggers are so small

that they frequently are overlooked, flea injuiy is mistaken for

chigger injury. A careful examination with a hand lens will enable

one to see the attached chiggers and prevent confusion of flea injury

with an attack by chiggers.

DO CHIGGERS PENETRATE THE SKIN?

Both among entomologists and the public generally there is a

belief that chiggers burrow into the skin. C. V. Riley {10) states

in regard to his irritans that " This mite

is able to bury itself completely in the

flesh," In speaking of the same chigger,

Osborn (5, p. 252) sys: "It is brushed

from the leaves of various plants onto the

hands or clothing of people and to the

bodies of other animals, and the mite then

proceeds to burrow into the skin."

To find out whether chiggers penetrate

the skin or not, and also to observe their

injury, resort was made to experimenta-

tion. On July 15, 1919, the writer exposed

the left calf and ankle to chigger attack,

and after the mites had settled numbered
10 individuals by writing on the flesh near

the mite with ink. Daily observations were

made on these chiggers, using low and high

power lenses, for the next eight days. It was observed on the first

day that the mites attached only by their mouthparts and in no way
burrowed into the skin. Observations on the second day showed no

change; in fact, after once attaching to the skin by their mouthparts

the larvae became quiescent and did not change their position until

they dropped off.

By means of a razor blade several individuals were removed by
slicing off a small area of the epidermis around them. When this

" slice " of epidermis was examined under a high-power micro-

scope objective it showed the attachment as represented in figure 3.

The hooked and ventrally barbed chelicerse were thrust into the

epidermis only, and the palpal claws were found forced downward
and backward into the epidermis. After both the chelicerse and
the palpi have been inserted in this fashion they hold the larva

locked, as it were, to the skin. This was made evident by watch-

FiG. 3.—View showing the

method of attachment of a
chigger (northeastern spe-

cies). Drawing of a part

of a " slice " of skin, made
from the underside while

the laiwa was attached.
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ing the actions of larvae with high-power objectives after they had

been removed with a " slice " of epidermis. They wriggled first

one way, then another, pulled with all their strength backward and

forward, gave side twists, and in fact strained in almost every pos-

sible way until released. One individual was timed during this

process, and it took it seven minutes to free itself from the hold it had

obtained on the epidermis.

These observations were repeated upon a lot of 16 individuals for

nine successive days. They were numbered as before, and daily ob-

servations made upon them. Not only did none of

these larvae burrow into the skin, but they remained

attached only by their mouthparts and engorged

like ticks. Later they released this hold and fell off.

DO CHIGGERS ENTER THE PORES OF THE SKIN?

Some authorities, while not believing that chig-

gers burrow into the skin, yet hold that because

of their minute size they enter the pores and thereby

cause much inflammation and other injury. This

point has been carefully investigated. Of the 26

numbered individuals that were observed and stud-

ied daily, 21 were attached to the smooth surface

of the skin, while 5 were attached at the bases of

hairs, each having the capitulum thrust into the

mouth of the hair follicle as shown in figure 4.

Not a single one had penetrated a pore or hair

follicle.

The species occurring in the northeastern part of

the United States shows a tendency to attach at the

mouth of hair follicles. It may be that the larvae

actually try to enter. They are prevented, however,

from doing so under normal conditions of the skin

by the small diameter of the follicles themselves.

For this same reason it would be impossible for chiggers to enter the

pores of the skin, unless the latter were greatly dilated as a result of

some skin trouble. In diameter the pores of the skin range from
20 to 50 [L, according to Piersol. The width of an unengorged larva

from either the western or eastern part of this country is approxi-

mately 150 pi,. Thus it is seen that unless the pores were unusually

dilated the mites could not enter if they would.

In the case of persons who have just cleaned out the pores of the

skin after a long period of negligence, it would be possible for the

mites to enter some of them, as, for example, pores dilated by come-

dones. The writer has observed such pores dilated until they were

55672°—21—Bull. 986 2

Fig. 4.—" Slice
"

ofepidermis from
tlie skin of calf

of leg showing
method of at-

tachment of east-

ern chigger in

mouth of hair

follicle.
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fully 400 or 500[ji, in diameter. These pores, however, are most fre-

quently on the face or neck—regions seldom attacked by chiggers.

In all the observations made, including many hundred, of chigger
attacks, it has always been possible during the early stage of attack

to locate the chiggers themselves or their evident places of attach-

ment, and this has always been on the surface of the skin or in the

mouths of hair follicles.

DIFFERENCE IN SUSCEPTIBILITY.

Another common belief among the public and entomologists is

that a great difference exists between persons in susceptibility to

chigger attacks. Such a difference usually has been assumed to be

IDhysiological. Observations were made to ascertain the foundation
for such a belief, if any existed. Upon several occasions it was
observed that there was a difference in injury to people who appar-
ently had all been exposed equally to the attacks of chiggers. It

was found in most cases, however, that although all members went
on the same picnic, or collected berries in the same patch, or made
the same journey, they were not equally exposed to the attacks of

the mites. Particularly three fundamental differences were found:
First, a great variation in the clothing, especially about the feet and
ankles ; second, a variation in the actions of the persons, some never

sitting or reclining on the ground ; and third, a great variation in the

intensity of chigger infestation even over a small area. Observations

clearly show that these are usually the reasons why some members of

a party are but slightly attacked while others are driven almost

irantic.

Laboratory tests show that chiggers attack by preference where

the skin is very thin and the flesh wrinkled or tender. Field observa-

tions also have brought out the fact that women and children suffer

more from a given number of chiggers than men do. In other words,

a correlation exists between thin skins and seriousness of chigger

attacks. This, however, is the only way in which certain differences

in the seriousness of chigger attacks between individuals equally

exposed could be explained. Although hundreds of people were

found susceptible to chigger attacks, no one was found who was
clearly shown to be immune.

LOCAL INJURY.

Since there has been so much confusion in regard to chigger in-

jury, a careful tabulation was made daily in the case of two lots of

infestations. The first lot of 10 individuals, located on various parts

of the leg below the knee, were numbered and notes made daily upon
the appearance of the local area around each point of attachment,

with the following results

:
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Attachment of chiogers followed irregularly within a few hours

after exposure. The itching which appeared during the latter part

of the first 24 hours following attachment grew in intensity. At 24

hours after attachment not a single papule had appeared at any one

of the 10 points of attachment. During the second day swelling

subsided, and the pinkish coloration around the puncture points was

followed, first by a light blood-red and later by a deep blood-red

color. The immediate area around each larva changed to a whitish

color, and the discolored area as a whole Avas large and in some cases

mottled with light and dark red. The itching sensation reached its

maximum the second day.

During the third day after infestation most of the spots changed

from the pinkish or light blood red of the second day to a dark

blood-red or purplish red. At the end of the third day one-half of

the larvae had become detached.

During the fourth day few changes were noticed. One more larva

had dropped off, and a few of the spots were observed to be lighter

in color than the day before.

During the fifth day all the remaining larvse dropped off. Spots

retained most of their color and in four instances small water blisters

developed near the center of discolored spots.

On the sixth day the color of the spots continued to fade and in

one instance was practically lost.

During the seventh da}^ several of the spots regained almost their

normal flesh color. Five water blisters were observed, but only one

was conspicuous.

On the eighth day the discoloration had entirely disappeared in

one instance and almost so in two others. Two water blisters were

left.^

GENERAL DISTURBANCES.

As has been known for many years, general disturbances fre-

quently follow serious attacks from chiggers. Among the most

serious of these is the development of a fever and a temporary up-

setting of certain nervous responses. Oudemans has recently called

attention {11, p. 10) to the narrative of Alfred Russel Wallace rela-

tive to the latter's experience with chiggers in the Malay Archipelago.

This eminent naturalist wrote:

All the time I had been in Ceram I had suffered much from the irritating

bites of an invisible acarus, which is worse than mosquitoes, ants, and every

other pest, because it is impossible to guard against them. This last journey

in the forest left me covered from head to foot with inflamed lumps, which

after my return to Amboyna, produced a serious disease, confining me to the

house for nearly two months * * *.

3 The appearance of these water blisters is well illustrated by Riley and Johannsen
(11, ng. 43).
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In this country Prof. Herrick (4, p. 317-325) has made observa-

tions on chiggers in various parts of the United States. He says

:

Very often a slight fever accompanies tlie eruptions and the patient is liable

to lose sleep and suffer almost unbearable torture.

In regard to the general disturbances caused chickens the same

authority states (5, p. 258-260) :

The chicks seem to contract a diarrhea, grow weaker and weaker, and
finally die.

Where the attacks from chiggers are slight, as a rule, no general

symptoms are produced. When there is a sudden attachment of

several hundred larvae general symptoms may result. The irritation

produced by such a large number ma}^ prevent sleep for several nights

in succession and thereby upset or disturb digestion. Also, a peculiar

nervous disturbance may be caused. This may be brought about by

toxins injected by the larvae or by some other cause.

During the months of July, August, and September, 1919, the

writer on many occasions was attacked by chiggers. Some of these

attacks were severe and on more than one occasion blood-red spots

larger than a half dollar were left. As a result of these repeated at-

tacks a peculiar nervous effect was produced. During parts of the

day a feeling of lethargy was noticed, yet to many things a hyper-

sensitiveness was produced. This irritable state became so pro-

nounced at times as to make productive work all but impossible.

With this upsetting of the nerves, interference of bodily processes

was observed to a considerable extent. It was only after the cool

days of November that a normal condition was restored.

RELATION TO DISEASE.

Until the work was begun in Japan on the cause of flood or river

fever ("tsutsugamushi-krankheit ") some 15 years ago, chiggers had

enjoyed an almost complete freedom from suspicion as actual disease

carriers. As the work on this deadly disease progressed, however,

they were soon held to be implicated in some way and finally shown

to be the active carriers of the virus of this disease.

The results of various Japanese workers show that this disease is

caused by a nonfilterable virus which is transmitted by means of the

chigger bites to man. The natural reservoir is apparently the normal

hosts of the chiggers, chiefly field mice, as only a small percentage

of the larvae are infected. Kitashima and Miyajima (7, p. 232) state

that while " tsutsugamushi-krankheit " is similar to typhus fever and

Kocky Mountain spotted fever in that the virus is nonfilterable and

arthropod-borne, yet the disease itself is quite different from either.

River fever is a very deadly disease, as about one-third of all the

cases are fatal. The only regions of the country affected are those

along the water courses or in lowlands. Various attempts have been
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made to discover and work out tlie development of the causative or-

<i;anism, but to no avail.

Among the various substances that have been employed in medica-

tion in connection with the disease the following have been used with

negative results: Quinine, iodine, quicksilver, arsenics, and staining

preparations. From the beginning to the subsidence of the fever

salvarsan and trypan red have been used with very poor results.

An attempt has been made experimentally to utilize a serum for the

disease, but without results.

As chiggers are parasitic only in their larva stage and do not

change hosts, it aj^pears that the causative organisms must be trans-

mitted from larva to nymph, to adult, thence to egg and to larva

again. Such a development, although a little unusual, already has

a near parallel in the case of the protozoan Piroplasma higeminwm^

the organism of Texas fever, which is transmitted from mother to

egg to larva or to nymph, in its alternate host, the North American

fever tick, Margaropus annulatus Saj^

In view of what is already knoAvn in regard to the transmission of

river fever, the biology of the chigger mites, and the general symp-

toms following their serious attacks on man and domestic animals,

the writer now predicts that in the next 50 years other serious dis-

eases will be shown to be transmitted by these acarids. Should these

mites become the transmitters of fatal diseases of domestic animals

on a large scale it would be found that the protection of cattle or

sheep from them would present a very difficult problem, as the mites

are so minute and so widely distributed in woodlands and along water

courses.
CONTROL.

In the case of man much protection can be had from chigger at-

tacks by properly clothing the lower extremities or by the application

of repellents either directly on the skin or on the under garments.

PROTECTION AGAINST CHIGGER ATTACK.

Since the unengorged larvae are not over ISOpi. in width, it is seen

that they can pass through the mesh of many kinds of garments;

it is easy, however, to wear those of a weave tight enough to prohibit

the larvae from passing directly through the cloth. The employment

of tightly woven cloth, or other materials which are impervious to

the larvse, nevertheless, is not enough. These garments must be worn

so as to fit tightly around the edges or the larvae will yet have an

avenue of entry.

It was frequently noticed that half-shoes exposed the ankles, and

for that matter indirectly the whole body, to much more serious

^ The control of chiggers affcctiug poultry is considered in Farmers" Bulletin 801. Tlie

measures given in the present bulletin have reference more particularly to chiggers as

parasites of man.
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attacks than topped shoes. This the writer demonstrated himself

many times. High-top shoes or, better yet, laced boots, gave a con-

siderable amount of protection. On several occasions the writer was

accompanied on his trips by Mr. W. W. Diehl, of the Bureau of

Plant Industry. Mr. Diehl demonstrated well how the body could

be protected by wearing topped shoes and spiral puttees. The latter

were wrapped tightly about the calves and gave almost complete

protection.

Concerning this method, however, there are two objections: First,

it causes a considerable discomfort to wear such tight and rather

heavy clothing during the hot season, and second, if the individual

sits down, reclines, or brings the hands in frequent contact with the

surface of the ground, the chiggers will attack in considerable

numbers.

Another method of gaining protection which has been tried in the

past is to use some repellent on the skin or on the clothing. Sulphur

has long been recommended for this purpose and Dr. Chittenden

(^, y. 5) calls it " a sovereign remedy for mites." A test of its

efficacy was made as follows

:

At East Falls Church, Va., on July 25, 1919, before going into a

well-known infested area, the left stocking and the lower part of the

underwear on the left leg were dusted inside and out with flowers

of sulphur. The sulphur was applied by the " pinch method," fol-

lowed by rubbing. About a tablespoonful was used. From 2.30 p. m.

to 4.20 p. m. there was exposure to attack in the infested area, and

at the end of this time a laboratory examination was made. On the

calf and ankle of the untreated leg several chiggers were observed,

all unattached and running about very energetically. On the calf

and ankle of the sulphured leg not a single chigger was found. Later,

at 9.45 p. m., another examination was made. The untreated leg

had a large number of chiggers attached, these being distributed

from the ankle to the hip. The treated leg did not have a single

chigger attached.

On August 4, 1919, a test was made to see if a dusting of sulphur

on both sides of the clothing was any more efficacious than dusting

on one side only. The stocking and underwear below the laiee on

the left leg were sulphured by the " pinch method," both inside and

out. The stocking and underwear beloAV the knee on the right side

were sulphured as before, but only on the outside.

At 3.30 p. m., after exposure, an examination of both legs failed

to reveal a single chigger. It was noticed also that there was much
more sulphur adhering to the left leg than to the right. A later

examination at 11.30 a. m. the next day failed to reveal a single

chigger on the left leg and only one chigger wheal on the right, this

being near the instep of the foot.
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It would appear from this that the dusting with sulphur inside

the hosiery and underwear is sufficient if it is so applied as to be

well distributed. Later tests fully demonstrated that a sin^^le appli-

cation was sufficient if well distributed.

The " pinch method," i. e., applying a powder insecticide by pick-

ing up small amounts with the thumb and fore finger, while well

adapted for dusting lousy chickens, for example, was observed to

be both tedious and wasteful, hence other methods were resorted to.

Application by means of a talcum shaker was made on August

9, 1919, followed by exposure at Vienna, Va. Examination that

night showed it to be 100 per cent effective.

On August 15, 1920, application was made with a pepper shaker.

A considerable tendency of the sulphur to clog the small holes of

the top was noticed, but by violent agitation a fairly even appli-

cation was made. Only the inside of the stockings and the lower

part of the underwear were treated. Exposure for about 3 hours

was made in the woods north of Chesapeake Beach, Md. Later

examination showed 100 per cent efficiency. It should be added
that if sulphur is dusted by means of a salt or pepper shaker, after

the operation all unused sulphur should be removed and the con-

tainer washed. This will prevent the tarnishing of the metal parts

of the shaker.

Mr. Flint, of the State Natural History Survey of Illinois, states

that he has applied sulphur by means of a small bag and also by
the "pinch method," with good results. Dr. J. W. Folsom also

reports good results from sulphur treatment by the " pinch method."
During the summers of both 1919 and 1920 several members of

the bureau staff tried the use of sulphur, and in every case good
results were reported and usually complete protection.

DESTRUCTION OF BREEDING PLACES.

It is hoped that the observations made on the habits and local

distribution will enable much more to be done to advantage in de-

stroying the breeding places of chiggers. Especially is this method
of attack to be recommended about private dwellings and in poorly

kept public parks and at summer resorts. Already its feasibility

has been demonstrated. In and around Washington many chigger-

infested lots or fields have been automatically rendered free of
chiggers by turning these to cultivation or cleaning away the rough
growth. Prof. F. L. Washburn (12) has the following to say in

regard to the effect of cutting down bushy growth in Minnesota :

Capt. Zimmerman, living on Encliantment Island, Lake Minnetonl^a, liaving

found this pest troublesome on his own island and upon the neighboring Phelps
Island, has reduced their numbers materially by cutting out mucli underbrush,
thus letting in the sunlight.
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A well-known golf course Avas laid out west of the District of

Columbia in a region heavily infested with chiggers. Later an

investigation showed that the sodded areas where the balls were

played were quite free from chiggers. When persons went into the

patches of rough growth between or around these areas they were

attacked by chiggers.

A chigger-infested lot in East Falls Church, Va., was cleared of

rough growth and a house put on it during the summer of 1919,

These operations destroyed the breeding places of the chiggers.

Of all the growths that favor the harboring of chiggers none is

more favorable than wild blackberries or wild dewberries. Wild
blackberry patches in Virginia and Maryland invariably were found

to harbor immense numbers of chiggers. Where such patches are

located at very objectionable places their obliteration would seem

justified. The fruit produced by these wild canes is of a good quality,

however, and constitutes not a small item in the summer food supply

of the country; hence a wholesale destruction of wild blackberries

would be both rash and foolish.

Dr. Chittenden has mentioned (2) the value of cattle and even

of the passing of many persons in destroying chiggers. In 1914 (J)

he published the results of a conversation which he had with Mr.

William N. Irwin (through an error given as E. F. Erwin),

who before his death was connected with the Department of

Agriculture; in this conversation Mr. Irwin stated that he con-

sidered cattle inadequate where a large area was to be dealt with.

He claimed, however, that he had experienced good results where

sheep were used instead of cattle. The efficacy of sheep in chigger

eradication thus being shown, an explanation of their agency and its

effect on the chiggers is due. Dr. Chittenden claimed that the value

of cattle in chigger control came from the trampling of the pests,

and he would explain in the same way the benefits from the utiliza-

tion of sheep, adding, however, that the sheep are probably more
effective, by " keeping the grass more tightly cut than would cattle."

Mr. Irwin explained the agency of the sheep as being due in part

to the ascent of their legs by the chiggers and their destruction

through contact with the oil in their wool. The present writer would
explain this observed difference between the efficacy of cattle and
sheep as being due chiefly to the food habits of the latter, the sheep

not only keeping the grass more closely cropped, but also feeding

to a considerable extent on the leaves of shrubbery.

Just what the value of a certain amount of shrubbery is to chig-

gers is not known in the case of our species. It may furnish a favor-

able environment for the natural hosts of the parasites, or furnish

the necessary environment for either the n^^mphs or adults of the

chiggers, or both these instars, or furnish a proper environment for

the larvae.
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It has been stated that the cropping or mowing of grass lets in

more sunshine and in this manner destroys the chiggers. This can

hardly be the case, however, as larvae have been handled and exposed

frequently in the bright sunshine and no ill effects to them noted.

In the field also, where there is only a scant growth of dewberries and
an abundance of sunshine chiggers may be found in great numbers.

Chiggers are almost semiaquatic and will endure frequent sub-

mergence. In the laboratory they do well, if not their best, in an
atmosphere near saturation. This humidity requirement will help

explain the advantage of a rough growth to the species, which lives

almost exclusively at the surface of the ground. In most situations

it may be that the moisture is only sufficient when the ground is

clothed with a considerable growth of vegetation. Thus the effect

of sunshine would appear to be indirect and to destroy the chiggers

in most situations where allowed to act by drying the surface of the

ground.

DESTRUCTION OF THE CHIGGERS THEMSELVES.

It is stated that chiggers may be destroyed by a liberal applica-

tion of sulphur to the field. The use of 50 pounds to the acre has

been recommended. For this purpose a dust gun or dust blower

could be used to advantage. On lawns the use of sulphur is un-

necessary, as chiggers will automatically disappear if the grass is

kept cut short.

Chiggers may best be destroyed on the body of man before they

become attached or very soon afterwards. If one knows that there

has been exposure to chigger attacks the shins and ankles should be

examined with a hand lens for the active larvae even before any itch-

ing sensation is felt. Only a few of the active larvse will be observed.

They will be seen to run over the skin very rapidly and can not be

captured to advantage.

Larvse on the body can be easily killed by the application of an

acaricide. Various substances applied at the tim.e of bathing have

been recommended. On August 10, 1919, after exposure to

chigger attacks, a thick lather of soap was applied to the affected

parts. The lather was allowed to remain for 10 minutes and was

worked continually over the skin. After 10 minutes it was washed

off. Examination next day failed to reveal any chiggers and no

itching developed.

On August 18, 1919, after exposure at Somerset, Md., and after

larvae had attached, the same application of thick soap lather was
tried. On the 19th much itching was felt, yet no chiggers were

found. Apparently the soap had acted as an acaricide but not as a

palliative.
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Dr. Maurice C. Hall, of the Bureau of Animal Industry, reports

excellent results from the use of sulphur ointment against the larvse

after they have become attached.

Commercial alcohol (95 per cent) has been used by several ac-

quaintances and by the writer himself to good advantage against

the chiggers attached to the skin. When the free larvae are im-

mersed in alcohol and observed under the miscroscope they are seen

to die in short order, usually in from 1 to 3 minutes. The alcohol

is an excellent acaricide and also a good antiseptic for the unabraded
or slightly abraded skin, and has a further advantageous effect in

hardening the dermis. It should be applied quite freely and the ap-

plication repeated two or three times.

Any of the lighter oils kill the larvae quite rapidly, and can be

used to advantage against the larvae if the latter are confined to

a small area on the body. Sulphur acts slowly, but if applied with

soap and allowed several minutes to act should give good results.

PALLIATIVES.

To those who go little afield and are thus ignorant of some of

nature's ways warnings that preventive measures should be taken

are usually but little heeded, hence it is necessary to give directions

in the use of palliatives—the most unsatisfactory of all measures.

Undoubtedly most of the so-called palliatives are of value chiefly,

if not entirely, because of their acaricide action or because they act

antisepticall3^ or in both these manners.

In the Panama Canal Zone, according to Dr. W. A. Taylor, Chief

of the Bureau of Plant Industry, a saturated solution of salicylic acid

in alcohol, with a little olive oil added, has been used to good advan-

tage as a palliative. Both he and Mr. H. H. Bennett, of the Bureau

of Soils, used this mixture with very beneficial results in the Canal

Zone.

In the Southern States, according to Mr. Bennett, butter or lard

with a liberal mixture of table salt, or pure kerosene oil, is fre-

quently used as a palliative. With regard to their benefit he says:

" I am still not convinced that they are more than moderately

efficacious * * *."

Among the other substances recommended as palliatives are the

following: Ammonia, cooking soda, dilute solution of iodine, cam-

phor, and alcohol. Statements made to the effect that an acid toxin

is injected by the larvae are not based on observed fact or experi-

mental demonstration. We do not know even that a toxin is injected

by these acarids. As before stated, the intelligent use of palliatives

awaits experimentation on the nature of chigger injury from the

physiological standpoint.
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Studies of the behavior of honeybees in winter ^ sliow that these

insects do not hibernate, but throughout the entire winter they con-

sume their stores of honey and generate heat. The results of these

studies further show that after the winter chister is formed, at 14° C,
there is an inverse relationship between the temperature inside and
outside the cluster, and that the generation of heat to warm the

winter cluster is solely by muscular activity, such as fanning of the

wings and other movements. These results do not agree with the

conclusions of Parhon ^ that the honeybee is in part heterothermic.

The work on behavior of the bees during winter, from which the

practical conclusions as to the needs of bees in winter were drawn,

was chiefly on temperature responses, and no data were available

as to the actual heat production of the bees during this season. The
work herein recorded was Ijegun in order that the missing data might
be in part obtained.

From many observations it has long been known that the duration

of life of the individual worker bees is determined by the work which

HJ. S. Dept. Agr. Bui. 93 (1914), The Temperature of the Honeybee Cluster in Winter.
By Phillips and Demuth. See also Farmers" Buls. 695, 1012, and 1014.

• Tarhon, Marie, 1909. Les ^changes nutritifs chez les abeilles pendant les quatre
saisons. Paris : Masson et Cie. 57 pp.

55663°—21 1



2 BULLETIN 988, LT. s. DEPT. OF AGRICULTURE.

they are called upon to do. When there is a heavy honey flow and the

bees are at their greatest activity their lives are limited to about 6

weeks, while during the winter season, if every condition is favor-

able, they may live 6 months. On the other hand, it is clear from

the experience of beekeepers and from the investigations previously

mentioned that if the conditions in wintering are unfavorable the

bees are aroused to great activity. Under these conditions they are

greatly reduced in strength, and even though they may live through

the actual period of winter, they are so depleted in vitality that they

are unable to do the heavy work incident to building up the colony

to full summer strength, and they die off faster than their places

are taken by the emerging bees of the brood reared in the spring.

In the honeybee organism either the power of constructive metab-

olism is entirely lacking or it is far less effective than that of de-

structive metabolism, and the rate of the latter is apparently accel-

erated by the activity of the bees, thus bringing on more rapidly the

impairment of functional capacity which ends in death. The physio-

logical changes which occur in worker bees during this process of

aging are not well understood, but certain facts have been observed

which are significant. Mr, Goodrich-Pixell ^ has found that the

nerve cells in bees dying of exhaustion are highly vacuolated and the

cytoplasm greatly depleted, thus substantiating the work of Hodge *

and of Smallwood and Phillips.^

Chief among the factors that influence the activity and consequent

welfare of a colony of bees in winter are the condition of the colony

at the beginning of winter (physiological age of the individuals), ex-

ternal temperature, quality of the food used during confinement,

ventilation, humidity, and various causes of irritation. The experi-

ment here recorded was undertaken to study the responses of bees to

some of these stimuli, as measured by heat production, being a con-

tinuation of the work of Phillips and Demuth (loc. cit.) on the be-

havior of bees in winter, in which work the temperature responses

were of greater significance. It was carried out in December, 1915,

and the intention was to continue with similar experiments in other

seasons under a wider variety of conditions than was maintained in

this instance. Such investigations can be conducted only after brood

rearing has normally stopped, and they must be concluded before the

bees are filled with feces, in order that the data may not be com-

plicated by activity due to this disturbing factor. It is therefore

3 Quart. Jour. Micros. Scl. [London], n. .ser., 04 (1920), No. 254, Pt. 2, pp. 101-200.

ill. Determination of age in honeybeos.
* Jour. Physiol, 17 (1894) Changes in ganglion cells from birth to senile death;

observations on man and honeybees.

'Jour. Comp. Neur., 27 (1910). Nuclear size in the nerve-cells of the bee during the

life-cycle.
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possible to carry out but one experiment a year with a given colony.

Circumstances incident to the war prevented continuation of this

work, but the results obtained in this experiment are of such economic

importance, as well as scientific interest, that it seems desirable to

publish them without further delay.

SOURCE OF HEAT IN THE WINTER CLUSTER.

The effect of external temperature on the activity of a colony of

bees is conspicuous. The bee is similar to other cold-blooded animals

in that it lacks the means for internal regulation of body temperature

that are found in birds and mammals, and hence the temperature of

its body is affected by that of the surrounding air. As the tempera-

ture of the air in the hive falls in winter the bees become less active

until a certain critical temperature (14° C.) is reached, at which

they undertake by muscular activity, not unlike that of shivering, to

produce heat in order to keep warm. Between the combs and some-

times extending above or below them they form an approximately

spherical and fairly compact cluster, with the bees on the outside

comprising a sort of shell with their heads turned toward the center.

This shell may be several layers thick, the number of layers and the

compactness of the cluster depending upon the size and condition of

the colony and the temperature of the air in the hive. The bees in

this shell remain quiet, except for an occasional shifting of position,

but those in the space inside the shell become very active, moving

about, shaking their bodies, and fanning vigorously with their wings,

thus producing heat to warm the cluster.

By means of many thermocouples fastened in different parts of

the hive Phillips and Demuth (loc. cit.) were able to measure the

temperatures at various points within and around the winter cluster.

They found that when the temperature of the air within the hive

and surrounding the bees was between 14° and 20° C. the bees remain

quietly on the combs but not clustered, their body temperatures

being, of course, approximately that of the surrounding air. While

the upper temperature limit of this quiescent condition is not defi-

nitely fixed, varying with the condition of the bees and the weather

outside the hive, the lower limit is quite accurately determined by

the needs of the bees. When the air temperature falls to 14° C. the

bees come together to form the winter cluster. If the temperature

falls still lower, they begin to generate heat within the cluster, and

frequently the inner temperature rises considerably above those tem-

peratures at which the bees were able to exist without activity.

Temperatures as high as 30° to 35° C. are not uncommon, and, indeed,

were observed even when the air outside the cluster was as low as
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0° C. In locations where the outer temperatures fall much below this

the bees are still able to maintain high temperatures, more bees taking

part in heat production. That such high temperatures can be main-

tained in these circumstances indicates that the shell of bees is effec-

tive as a heat insulator, but there is obviously a serious drain on the

vital capacity of the bees employed in producing heat. This is shown

by the rapid slowing down of the fanning of the wings as it con-

tinues.

OUTLINE OF THE EXPERIMENT.

To obtain information regarding the actual amount of work done

by a colony of bees while in the winter cluster, a small colony on

four combs having natural honey stores was placed in the chamber of

a small respiration calorimeter and their carbon-dioxid production

and oxygen consumption were measured for 10 days, while the tem-

perature of the air surrounding the bees was kept just low enough

so that the bees at all times would remain clustered. Throughout

the experiment the temperature of the air surrounding the bees and

at several points within the cluster was taken in order that this

work might be made comparable with the work on the behavior of

bees in winter as indicated by temperature responses. The bees were

located in a box within the calorimeter so constructed that while they

could not escape from it there was opportunity for abundant ventila-

tion. There were 14 thermocouples distributed in the hive in the

calorimeter in such manner that the temperatures in different places

inside and outside the cluster could be ascertained, the leads from

the thermocouples being extended through the outlet in the wall of

the chamber to a potentiometer on the outside. The temperatures

were read every half hour, day and night, for nearly 12 days.

The thermocouples were so placed in the hive as to make it im-

possible for the clustered bees ever to occupy space in which some

of the thermocouples were not located, thus insuring that the

temperatures of the cluster might be obtained wherever the cluster

might move in the hive. The temperatures of all parts of the

hive outside the cluster could also be obtained by the arrangement

of these thermocouples. One of the thermocouples (No. 15) was

located outside the hive and 2 inches from it, thus giving the

temperature of the air of the chamber at this point. The readings

obtained with this thermometer are plotted in the charts on pages 15

to 18. A resistance thermometer was also placed in the chamber, but

at some distance from the thermocouple. Measurements made with

this thermometer are shown in the table on page 8. The two

records did not always exactly agree because the thermometers

were not together.
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DISCUSSION OF THE TEMPERATURE RESPONSES IN THIS
EXPERIMENT.

The colony used in the experiment here reported was taken to

Washington from the suburbs some time prior to the beginning of

the experiment. The bees were phiced in the calorimeter and then

it was found that the apparatus was defective and it was necessary

to remove them. During the interval before the experiment here

recorded was begun, they were placed outside where they Avere

free to fly when the weather permitted, and they had several flights

and carried out the dead bees. They were therefore in good condi-

tion at the beginning of the experiment.

For several hours after the hive was again placed in the respira-

tion chamber, the temperatures of the hive and bees were high,

chiefly as a result of the disturbance arising from the handling

necessary at this time. They were put in place at 3 p. m. on Decem-
ber 11, and during the night the temperature of the bees on one

occasion, and in one point only, rose to 35° C. During the night

the temperature of both the chamber and the bees drifted down,

until shortly after noon on the 12th, when they may be considered

as having reached normal quiescence. Just when the bees definitely

formed a winter cluster is not clear from the data, but certainly

when they had reached quiescence they were clustered.

In the graphic charts of temperatures of this colony, records are

included for thermocouples 6, 7, and 12, these being the ones which
were in the center of the cluster, which was located near the top

and slightly to one side of the hive. For comparison with these

the record for thermocouple 15 giving the temperature of the air

of the chamber at one point outside the hive is also included.

It will be observed that on several occasions the temperature of the

center of the cluster (which shifted between thermocouples 12 and 7,

according to the movement of the cluster during the experiment)

rose somewhat abruptly but temporarily, not, how^ever, reaching the

temperatures observed at the time that the bees were placed in the

chamber. While some of the rises may be attributed to mechanical

disturbances, it was not always possible to determine the exciting

cause. This is in accordance with numerous observations made in the

work on the behavior of bees in confinement to which reference has

already been made. Throughout the experiment, of course, heat

production never ceased, and with the bees in this condition of

activity it took but a small disturbance to induce them to generate

slightly more heat. This is comparable with the periods of activity

that have long been observed in bees wintered in cellars.

It is more important to note that during the 12 days that the

bees were in the respiration chamber the temperature of the cen-
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ter of the cluster gradually rose from an average of 16° C. on
December 13 to an average of 30° C. on the 22d, though the air outside

the hive kept in the range of temperature from 6° C. to 9° C, This
is in agreement with results obtained by Phillips and Demuth (loc.

cit.) with bees wintered in a cellar which were interpreted as indi-

cating that such an upward drift of temperature of the colony dur-

ing confinement is the result of irritation because of an accumulation

of feces. In the case of the colonies recorded in an earlier publica-

tion," one colony showed a slower rise than was found in this colony,

while another, wintered on honeydew stores, showed a more rapid

rise. Since it has been shown that disturbance of any sort causes a

rise in cluster temperatures, it is not entirely clear to which disturb-

ance the rise of this colony should be attributed. Of course, as this

colony was located in a respiration chamber in a busy laboratory,

it was exposed to greater disturbance than would have been the case

in some other experiments or in the average bee cellar, although all

practicable precautions were taken to avoid jar and the apparatus

was cushioned. It is not improbable that the sudden and temporary

increases in temperature may have been due to physical disturbance

and that the cause of the continued rise was physiological dis-

turbance.

It will be noted that beginning at 6.30 p. m. on December 22 the

temperatures of the cluster began to drop. At this time the carbon-

dioxid content of the air in the chamber was high and the oxygen
deficient, as will be explained later. Under these conditions the bees

were more quiet (generated less heat) than when under conditions

which would usually be considered more favorable. The temperature

of the center of the cluster dropped until it reached 23° C. The
reason for the decrease in activity at this time has not been dis-

covered. It was thought that the bees were dying because of un-

favorable atmospheric conditions, but at 5 a. m. on the 23d the tem-

perature again began to rise and continued until it again reached

34° C. Whether this increase in activity was a reaction in response

to physical disturbance or to change in atmospheric conditions made
at this time (see p. 13) is not clear.

METHOD OF MEASURING THE WORK DONE BY THE CLUSTER.

At noon, December 12, measurement of the metabolic activity of the

bees was begun. The respiration calorimeter used for this experi-

ment has been described in a publication of the department,^ but to

aid in explaining the conditions of the experiment the principles of

• U. S. Dept. Agr. Bui. 93. The Tempei-ature of the Honeybee Cluster in Winter.

''Jour. Agr. Research [U. S.], 6 (1916), No. 18, pp. 703-720.
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the apparatus may be briefly summarized. The respiration chambei-

in which the hive was inclosed was ventihited by withdrawing air

from the lower portion, passing it through sulphuric acid to remove

water vapor and through soda lime to remove carbon dioxid, and

returning it to the upper part of the chamber. The increase in the

weights of the sulphuric acid and the soda lime during a given

period indicates respectively the quantities of water vapor and car-

bon dioxid removed from the chamber. These represent the quan-

tities produced during the period when due allowance is made for

change in the water vapor and carbon-dioxid content of the air as

ascertained from analyses made at the beginning and end of the

period. Oxygen to replace that removed by the bees was supplied

to the chamber from a cylinder, the gas being introduced at a rate

sufficient to maintain a certain volume in the system, as indicated by

a tension equalizing device which served to keep the air in the cham-

ber at the same barometric pressure as that of the laboratory. The

quantity of gas admitted was ascertained from the loss in weight of

the cylinder or by reading a meter through which the gas was passed.

This showed the quantity of oxygen consumed by the bees when cor-

rection was made for change in the residual oxygen content of the air

of the chamber. In making these corrections for variations in re-

sidual gases, changes in temperature and barometric pressure of the

air of the system were also taken into account. By proper attention

to these means of ventilation, any desired conditions with respect to

water vapor, carbon dioxid, or oxygen content of the air could be

maintained.

The temperature of the air surrounding the hive could also be

controlled to a certain extent. In a space adjacent to the metal

walls of the respiration chamber, and protected by a thick heat-

insulating cover, were means for heating and cooling the walls ; also

within the chamber was a coil of copper tubing through which cold

water could be circulated to take heat from the air about the hive.

By weighing the water flowing through this coil and measuring its

increase in temperature, the quantity of heat carried out could be

ascertained, which, with necessary corrections for heat from other

sources, would be that imparted to the air by the bees.
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RESULTS OBTAINED IN THE EXPERIMENT.

Data indicating the physiological activity of the bees are sum-
marized in the following table with others showing the experimental

conditions.

Summanj of experimental data.

Date.
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corresponding error in the measurements of the quantities for the

two periods; but as there was free space in the small experimental

hive for only a few liters of air, a relatively large change in the

carbon-dioxid content of the air in the hive would introduce only

a very small error in the quantity measured in any period.

The determination of the carbon-dioxid production for the experi-

ment as a whole is accurate. In footing the total the quantity for the

first day is omitted, because the oxygen consumed was not measured
that day. In the 10 days the bees prodjaced 130 liters of carbon dioxid

and consumed 138 liters of oxygen. The corresponding respiratory

quotient is 0.94, which indicates that their metabolism was almost

entirely that of carbohydrate. Their heat production, calculated

from these data, was 688 calories. The quantity of heat measured by
the calorimeter was larger than this, but it involved an error due to

leakage of heat through the walls, owing to the wide difference be-

tween the temperature of the air in the chamber and that in the lab-

oratory, which the apparatus as used could not overcome. Making
such allowance for this error as was indicated by subsequent test of

the apparatus under somewhat similar conditions, the corrected

amount of heat measured was but slightly different from this com-
puted value.

The number of bees in this colony, by actual count, was 9,635. The
average weight of empty worker bees is about 0.075 gram ; their total

weight, in round numbers, would be 720 grams. The heat output of

this colony, 688 calories, was therefore equivalent to 0.97 calorie

per gram for the 10 days, or virtually 0.1 calorie per gram per day.

This is equivalent to a heat output of 7,000 calories per day by a man
weighing 70 kilograms (154 pounds), which is found only in unusual

circumstances. The average individual of this size actively engaged
in hard work at least 8 hours a day would give off about 4,000 cal-

ories in 24 hours. The heat output of lumbermen working hard in

the northern woods in a cold winter was found to be about 7,000

calories per man per day, as indicated by their food consumption.
During the period that they were working hardest their hourly ex-

penditure of energy may have been double the average for the rest

of the day, possibly as high as 600 calories per hour, although this

seems doubtful. In certain experimental conditions a well-trained

man engaged in muscular activity sufficient to cause a heat output of
650 calories per hour, which was measured in the same manner as the
heat output of the bees was measured in this experiment, but this

was considered to be severe, exhausting work, almost at the limit of
human endurance, and was continued only for short periods. This
output, per unit of weight, would be larger than that of the colony
of bees taken as a whole, but it will be recalled that the bees actually

55663°—21 2
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engaged in the excessive activity of heat production at any one time

are only a small part of the total colony, the rest of them being

crowded together in the shell of the cluster or in empty cells of the

honey comb or standing quietly. The amount of work done by the

bees that are really active is comparable with that done by the man
in unusual conditions, and is therefore relatively enormous; and this

is maintained not only for short periods but through the whole day

and the whole winter.

Moreover, it will also be observed that the temperature conditions

during this experiment were those in which bees are the least active.

In fact, as mentioned previously, the temperature in the respiration

chamber during the experiment was about the same as that which

beekeepers usually maintain in cellars for wintering bees. Colonies

wintered outdoors, especially if unprotected, must endure in many
cases much more severe temperature conditions. Furthermore, this

experiment was conducted at a time of the year when bees are

naturally more nearly quiescent. Bees are usually more active dur-

ing the latter part of winter than during late fall and early winter.

The figures obtained in this experiment, therefore, represent about as

low an expenditure of energy as is ever found in a colony of bees,

except for short intervals. In a preliminary test with this colony

the quantities of carbon dioxid measured were decidedly larger than

these, owing to less favorable conditions.

A hygrometer suspended in the chamber was read at frequent

intervals. The maximum and minimum readings for each day

are shown in the table. During the first five days the humidity was

allowed to remain at a high level. This was accomplished by keep-

ing the air of the system in circulation only part of the time,

virtually every other hour. During the other five days the humidity

was kept much lower by maintaining a constant circulation of air

through the sulphuric acid. There was a very noticeable difference

in the quantities of water vapor removed from the chamber in the

several days of the two periods, owing to the fact that the relative

dryness of the air in the later period was causing a loss of water

from the wood of the hive. No difference in the activity of the bees

that could be ascribed to the difference in water-vapor content of the

air was noticeable in the temperature curves or in the carbon-dioxid

output of the various days.

The barometer was read at noon each day. There were no sig-

nificant changes in barometric pressure during the course of the ex-

periment. The reading on the 13th was 755 millimeters, which rose

each succeeding day to 769 on the 16th, then fell to 750 on the 18th.

It was 767 on the 19th and for the rest of the experiment remained

within 4 millimeters of this pressure.
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There was no apparent effect on the activity of the bees from

variations in the carbon-dioxid content of the air in the hive, at

least within very wide limits. One column in the table shows the

percentage of carbon dioxid in the air at the time the residual analy-

sis was made each day. These figures tell little of the condition of

the air at any other period during the day ; they merely show what

it was after the air of the chamber had been passing through the

soda lime for at least an hour ; l)ut unless the bees had been actually

more active at the time the residual analysis was made (which,

according to the thermocouples, did not occur in any instance) there

must have been at least as much and probably more carbon dioxid in

the air previous to the time of the analysis than is indicated by these

figures. It would appear, then, that throughout the whole of the

experiment the carbon-dioxid content of the air in the hive was

appreciably greater than that of normal air, which is probably the

usual condition in a hive; also there were outside variations in the

proportion of this gas in the air, as shown by the data in the table.

On December 21 and 22 arrangements were made to insure a consider-

able excess of carbon dioxid in the air. During most of the time on

these days the soda lime was removed from the train for purifying

the circulating air and the carbon dioxid was allowed to accumulate

within the respiration chamber while the water vapor was removed.

Starting with the content of nearly one-quarter of 1 per cent on the

20th, or almost eight times that in normal air, the increase continued

until in the whole air system of the apparatus, which was about 170

liters, there was included over 10 liters of carbon dioxid before the

period ended on December 21, a proportion more than 200 times that

in normal air. There is no significant change in the curves on page 18

showing the behavior of the bees, to indicate that they were materially

affected by these abnormal conditions. The curve for thermocouple

Js o. 7 continued at the same level for nearly 12 hours, then began to

rise slowly ; those for Nos. 12 and 6 fell somewhat for about 12 hours

and then maintained a level for the remainder of the period. There

would appear to be on the whole a quieting of the bees for this day,

but this could be hardly attributed to the quantity of COg present,

for on the following day, when there was a still greater concentration,

the activity of the bees increased.

From the character of the curves in these two days it would be

expected that the carbon-dioxid production on the 22d would exceed

that of the 21st, but not necessarily by nearly 50 per cent as shown

in the values in the table. It is not unlikely that some of the carbon

dioxid measured on the 22d was produced on the 21st. Uninten-

tionally, replacement of the soda lime in the air circulating system

was delayed until one hour before the close of the first period, and
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this was not sufficient time to remove all the carbon dioxid from the

system, as was shown by the hi^h percentage of the gas found in the

residual air. It is possible that in this circumstance the air in the

hive had a larger percentage of carbon dioxid than that of the

sample analyzed. On the 22d the air was passed through the soda

lime for nearly three hours prior to the end of the period, in which

case the air in the hive had greater opportunity to become like that

of the system. Even with a carbon-dioxid content of at least 6 per

cent, which was the case on the 21st, the quantity of the gas carried

over in the hive to the next period would be much less than 1 liter,

which would still leave a wide difference between the figures for

carbon-dioxid production in these two days. There is nothing in the

data at hand to suggest a reason for this difference. It is interesting

to observe that the total of carbon dioxid produced for these two
days was almost identical with that of the two days preceding them,

when the carbon-dioxid concentration of the air was low.

The proportion of oxygen in the air at the end of each period is

also shown in the table. These figures simply show the condition at

a given time each day, but they give no definite idea of the propor-

tion of oxygen in the air during the whole day. This would vary

hour by hour with the admission of oxygen, the absorption of water

vapor and carbon dioxid, and with changes in the temperature of

the air, but on the whole would be somewhere in the range between

the proportion at the end of one period and that at the corresponding

time in the period preceding or following. The figures therefore

show that there was a continual increase in the proportion of oxygen

from the 13th to the 20th. then a decrease to the 23d.

The low proportion of oxygen in the air at the beginning of the

experiment was due to the fact that air rather than oxygen was

supplied to the system to replace the carbon dioxid and water vapor

removed during the preliminary period and to maintain a sufficient

quantity of air in the system while the apparatus was being chilled

before the experimental conditions were established. After the ex-

periment began, replacement was made by oxygen until the 20th,

when the requisite volume was again maintained by admitting air,

in order to reduce the proportion of oxygen in the air of the system.

No effect that could be ascribed to changes in the oxygen content

of the air was observed until the last day of the experiment. On
that day not only water vapor and carbon dioxid, but oxygen also

was removed from the system by passing the circulating air through

a solution of potassium pyrogallate before returning it to the

chamber. This was continued until the proportion of oxygen in

the air, which was only 18 per cent at the beginning of the period,

was very greatly reduced. After a few hours the circulation of air

was stopped and the water vapor and carbon dioxid allowed to ac-
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cumulate in the air of the system in which there was a deficiency

of oxyo:en. The effect on the activity of the bees was soon apparent

;

the temperature curves, which for some reason had begun to rise,

very shortly turned in the opposite direction and continued to fall

for about 12 hours. The propoition of oxygen was then 12 per cent

and it was thought that the bees had probably been suffocated. Eight

hours before the time at which the period would regularly end the

air of the system was again put in circulation and water vapor and

carbon dioxid removed, oxygen being also removed at the same time.

This was continued until the close of the period (which was also

the end of the experiment) in order that the air of the system might

be quite thoroughly freed of carbon dioxid. After the circulation

of air was resumed the bees again indicated that they were living,

and during the time that the air-purifying system was operating

their activity increased until by the end of the experiment the tem-

perature curve had reached as high a point as at any time during

the course of the experiment, even though the proportion of oxygen

in the air was low. Analysis of the sample taken at the end of the

period showed only 7.3 per cent of oxygen.

If the decrease in the activity of the bees in this instance was due

to atmospheric conditions in the hive, the cause was probably excess

of carbon dioxid and water vapor rather than deficiency of oxygen.

Though the proportion of oxygen in the air was decreased from 18

to 12 per cent in 16 hours, it is doubtful if this alone would have

an appreciable effect upon the physiological activity of the bees. In

experiments with men in atmospheres about as deficient in oxygen as

this, there was no noticeable effect upon their metabolism. In these

experiments, however, there was no such excess of carbon dioxid and

water vapor as in the experiment with the bees.

It is possible, as intimated on page 6, that the reason for the

increase in activity of the bees after the circulation of air was re-

sumed may have been physical disturbance. Since it was thought

that the bees were dying, movement about the laboratory was some-

what less restricted when the air-circulating device was started, al-

though care was still taken to avoid jarring the calorimeter. The

circulation of air through the calorimeter could hardly have caused

any disturbance of the bees, because the low rate, while sufficient to

keep the air in motion, could not produce any current that would stir

the hive. It is also possible that, since the removal of oxygen from

the air was continued during this period, the proportion of oxygen

in the air eventually became so low that the bees had to respire more

rapidly to obtain a sufficient quantity of this gas. It would be ex-

pected, however, that this effect would be manifested somewhat later

in the period than the time at which activity was renewed.
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In considering the circumstances on this last day of the experi-

ment with bees it is interesting to recall observations made in the

study of the effect of ventilation on men, that the sensations produced

by " bad " air are not experienced when the air is stirred. If this

indicates an actual difference in physiological conditions in the differ-

ent circumstances, then it is not inconceivable that something analo-

gous to this was true of the bees on this day. The stirring of the

air when the circulation was resumed may have served to remove

some cause of depression that was effective when the circulation was

stopped.

SUMMARY.

In the colony of bees under observation in the respiration chamber

the expenditure of energy was reduced to the lowest limit by the

maintenance of favorable temperature and by the avoidance of all

disturbing factors, so far as possible. Under these circumstances,

rarely found in the apiary, the energy produced by the bees, as

measured by the carbon dioxid and water produced and the oxygen

consumed, was greater, according to body weight, than that pro-

duced by a man when working at hard manual labor, when we take

into consideration the fact that the work was done by only a rela-

tively few of the bees in the cluster. Even assuming that the work of

the period were equally divided among the bees, their energy output

per unit of body weight is higher than that of the average laborer.

When we take into consideration the fact that usually the bees do

not have such favorable conditions in winter as these bees had, it is

clear that the energy output is enormous in the average apiary.
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INTRODUCTION.

The larva of the wahiut husk-maggot has long been known to

persons who in autumn have engaged in hulling the nuts of our
native black walnut {Juglarhs nigra). Soon after the nuts drop, a

large percentage of them are frequently found with the hulls black-

ened and slimy within and containing multitudes of whitish mag-
gots which move actively through the soft pulp. Such infested nuts

are disagreeable to handle, and in hulling the husk sticks to the

inner shell, leaving it dirty and unattractive in appearance (PI. IV,

d). Inasmuch as the fruit of the black walnut was not important

commercially in the past this insect did not attract especial attention,

and very few persons, even of those who were familiar with the mag-
gots in the walnuts, ever saw the parent fly. If seen, it was probably

seldom regarded as being in any way connected with the disgusting-

* RhagoJetis suavis I^oew ; order Diptera, family Trypetidae. A closely allied species,

Rhagoletin juglandis Cresson, has been recorded as attacking the nuts of Juglaiis rupestris

and •/. rcgia in Arizona and Texas. Several members of the same genus have attracted

considerable attention in North America on account of the destructiveness of the larvse.'

to various Itinds of fruit. R. pomoneUa Walsh, known commonly as the apple maggot:

or railroad worm, is an important pest of apples in the northern part of the United
States and Canada. Two species, R. cinguUita Loew and R. faiista O. S., attack cherries

over practically the same region, while R. rihicola Doane frequently injures currants and.

gooselierrios in the Northwestern States.

55813°—21
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condition of the nuts. It was not until an interest developed in cer-

tain places in the East in growing the Persian or English walnut

{Juglans regia) commercially that a demand arose for information

regarding this pest. ^Vhen the Persian walnut trees planteol in the

East began to fruit, these maggots attacked the nuts and practically

ruined very promising crops in several localities. The injury to Per-

sian walnuts and the fact that the eastern black walnut, one of the

favorite food plants of the species, is becoming of increasing im-

portance from the standpoint of nut production, have led to the in-

vestigation described herein. The project is not yet completed, but

the outstanding features of the life history and habits of the insect

are now known. Further studies of the species, particularly along

the lines of control, are under way.

BRIEF DESCRIPTION OF INSECT AND INJURY.

The adult of the walnut husk-maggot is a two-winged fly about

the size of the common house fly. The flies appear on the walnut trees

at the time the nuts are approaching maturity and lay clusters of

white eggs in punctures made in the husk with their sharp ovipositor

(PI. Ill, e) or in breaks which they may find in the husk of the nuts

(PI. II, h, c, d^. Apparently no eggs are deposited in the nuts after

they drop. The eggs soon hatch and the resultant maggots rapidly

convert the green tissue of the husk into black pulp. After attain-

ing full growth the maggots enter the ground and pupate, there

being only one generation of tlie flies annually.

SYNONYMY.

The following data covering the synonymy of the species were fur-

nished by Mr. B. A. Porter, of the Bureau of Entomology

:

Trypeta suaris Loew, 1862, in Monogr. Dipt. N. Amer., pt. 1, p. 75.

Acidia suaris Loew, 1873, in Monogr. Dipt. N. Amer. pt. 3, p. 235.

RhagolcHs snavis (Loew). 1899, in Coquillett, Jour. N. Y. Ent. Soc,

V. 7, p. 260.

DISTRIBUTION.

This fly probably occurs pretty generally over the natural ranges

of the black Avalnut and the l)utternut {Juglans clnerea). In 1862

Osten-Sacken - gave its distribution as the "Middle States." In

1902 Babb ^ reared the fly from black walnut at Amherst, Mass.

Washburn,* in 1905, listed the species among the flies of Minnesota;

2 Loew, H. monographs op the diptera of north America (ed. by R. Osten-Sacken),

pt. 1, p. 75. Washington, D. C. 1862.
3 Babb, G. F. note on rhagoletis suavis lw., with a description of thb iaeva

AND pcparium. In Ent. News, v. 13, no. 8, p. 242. 1902.
* Washburn, F. L. diptera of Minnesota. . Minn. Agr. Exp. Sta. Bui. 93, p. 118.

1905.
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and Banks/ in 1912, reared flies from butternuts at Plummers Island,

Md. There are specimens in the Ignited States National Museum
from West Willow and Alle<^heny, Pa., and Dr. J. M. Aldrich, of

the Museum, has in his personal collection specimens from Blue

Ridge Summit. Pa., and La Fayette, Ind. During the present in-

vestigation the writer has collected or otherAvise obtained specimens

from the following localities: Boston, Mass.; Wallingford, Conn.;

Lockport, N. Y. ; West Willow and AVashington Heights, Pa.; Co-

lumbus, Ohio; New AVindsor, Md. ; AA^'ashington, D. C. ; and French

Creek and other localities in AA\'st A^'irginia.

FOOD PLANTS.

The walnut husk-maggot has been known to attack commonly the

husks of the black walnut {fuylans iiiym) and the butternut (-/.

cinerea). The writer has reared adults from the husks of the Persian

walnut {J. regki) and Japanese walnut (•/. sirholdiana). Of the

foregoing hosts the black walnut and Persian walnut are preferred

to the others, probably on account of the thicker husks.

DESCRIPTION OF LIFE STAGES.

THE EGG.

The Qgg (PI. II, h^ c, d) is white, banana-shaped, distinctly curved,

0.9 to 1 mm. in length by 0.2 mm. in width, one end tapering gradu-

ally to a rounded point, the other end tapering morfe abruptly and
ending in a minute but distinct spur or pedicle. The eggs are placed

in masses compressed closely together (PI. II, 6, c, d) in ovipositio]i

ininctures extending 2 mm., more or less, beneath the skin of the

nuts. The female will oviposit freely in any fresh puncture which
she may find in the skin made otherwise than with her ovipositor.

Small punctures made experimentally in the husk with a sharp point

usually were found promptly by the females and filled with eggs.

In some cases such punctures would be packed with eggs and the

flies would continue to oviposit on the surface until a small mound
of eggs covered the opening in the skin (PI. II, d). One artificial

puncture in a black walnut was found to contain 186 eggs and several

punctures made with the ovipositor were found to hold upwards of

60 eggs each. The eggs apparently hatch in from 7 to 10 days.

Oviposition takes place only in the green part of the husk, but
after the maggots hatch and begin to feed the point of attack soon
shows as a black spot on the surface (PI. lA^, a). Thi& spot increases

rapidly in size as the burrows of the maggots penetrate the tissues

= Banks, Nathan, the structueio of tEiixAix DirxETiors lakv.i: with rAKTiciLAu uef-
EitEXCE to those IN HLMAN FOODS. U. S. Dept. Agr., BuT. Eut., Tecli. Ser. Bui. 2-'

p. o-'. 1912.
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beneath. Persian walnuts on the trees will often turn black from

this cause during a period of only a few days. Quite often the first

t'xternal e^ddence of the feeding of the larvse within a nut will be a

slight seepage of dark juice from the oviposition wound, which will

flow down and stain the skin of the nut (PL IV, h).

THE LARVA.

The larva, or maggot (PI. II, ^, /,• PI. IV, c), is white or creamy

white, and is not stained by the dye-like, semiliquid matter in which

it feeds. The dark-colored "contents of the alimentary canal, how-

ever, give to the immature maggots a brownish appearance. When
full grown they average 10 mm. in length by 2 mm. in width. The

maggots are active and move about rapidly, using in locomotion their

two anal hooks. They often remain in the walnut husk until severe

freezing weather occurs, but take advantage of warm periods in the

late autumn to leaA^e the nuts and enter the ground a short distance

for pupation.

THE PUPA.

The pupa (PL II, g, h) is formed by the shrinkage of the larva

and is pale yellow, cylindrical, tapers slightly from the middle to-

ward the ends, and is 5 mm. in length by 2.5 mm. in width. There

are 11 plainly visible segments, the intersegmental grooves being

shallow but distinct. Each end bears a pair of small, brownish

tubercles and there is a rough, brown spot near one end where the

larval head was retracted. In size, shape, and color the pupa re-

sembles a grain of wheat (PL II, h). The pupae are formed in the

ground, anywhere from half an inch to several inches beneath the

surface, and the winter is passed in this stage. Most of the flies

issue the following summer, but a few pupae hold over the second

winter and the adults appear therefrom during the succeeding

summer.
THE ADULT.

The adults of this insect vary considerably in size but average about

7 mm. in length. With the exception of the eyes, heavy wing mark-

ings, anterior margins of the abdominal segments, and bristle-like

hairs, all of which are dark brown, the color is pale yellow. There

is a lighter longitudinal line on each side of the thorax and the

<lorsal surface of the thorax is densely clothed Avith very short,

yellowish hairs interspersed sparsely with long, stiff, dark-brown
bristles. The head, sides, upper surface of the abdomen, and legs

are covered more or less heavily with brown hairs. (PL III.)

ACTIVITIES OF THE FLIES.

The flies begin to issue from the ground at least as early as the

middle of July in the latitude of West Virginia. In 1920 at French
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The Walnut Husk- Maggot.

a, Genitalia of male and female husk-maggots, male on left; 6 and c, egg clusters in black walnuts
exposed by cutting away the skin: d, egg cluster partly on the surface of black walnut; e, larvae;

/, larva escajnng from a" black walnut; g, pupse; ft, resemblance of pupae, above, and grains of
wheat, below. All enlarged.



3ul. 992, U. S. Dept. of Aericultur- PLATE III

The Walnut Husk-Maggot.

,
Flies of liusk-niaggot on black walnut; 6, flv of husk-maggot much enlarged; o, female in the
act of depositing eggs in a black walnut; d, female laying eggs and guarded by a male; e, female
with ovipositor extended. All enlarged.
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THE WALNUT HUSK-MAGGOT.

:, Bluck walnut showin, discolored s,,ot on
^^^-.f}^^''^y^f);:^f"£^LTt^V^ w^l^

nuts; nut on the left sound, on the right mfested. All about natural size.
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Creek, W. Va., the first flies appeared in rearin«j jars on July IG,

and on August 5 the first specimens were recognized definitely on

the trees. Flies, apparently of this species, were seen on trees in both

AVest A^irginia and Pennsylvania several weeks earlier, but no

specimens were captured and identification was not definite. Flies

in rearing jars issued from July 16 to September 8, emergence cover-

ing a period of 55 days. Table T shows the time of emergence of 40

individuals in rearing jars.

Table I.

—

Enicrf/ouc of flies of icdhiut tnc<k-)ii(ifftjot in rcarhui jars at

French Creek. \V. ^^a., in 1<)£0.
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punctured nuts and females were observed frequently to visit these

nuts, where copulation and oviposition took place. In approaching
these nuts the females usually came by easy stages, flying and crawl-

ing near the nut before alighting upon it. When the male would
observe a female approaching he would become much excited, moving
back and forth, whirling around, and raising and lowering the wings
in rapid succession, but remaining near the puncture made with the

nail point. On the arrival of the female upon the nut the male
would usually back away from the nail puncture a short distance

and there remain stationary, with wings elevated above the back,

watching the female intently. When the female would find the

puncture and start to insert the tip of her abdomen into the opening

for the purpose of depositing eggs, the male would spring upon her

and copulation would take place. There would then follow alter-

nating periods of oviposition and copulation, the male sometimes

continuing mounted while oviposition was in progress, and sometimes

dismounting but remaining near by. (PI. Ill, d.) Frequently there

would be four or five periods of each before the female would fly

away. After this procedure the male was likely to continue on

guard at the same place, for the nail pricks were visited frequently

by ovipositing females.

The flies were observed to be much more abundant on the lower

than on the higher branches of trees, and there was a great diifer-

ence in the numbers of flies on individual trees of the same species.

On a group of heavy-laden Persian walnut trees of the variety

known as Hall, at West Willow, Pa., it was estimated that one fly

was present for every two nuts on the trees. The variation in the

numbers of flies on individual trees was followed by a corresponding

abundance or scarcity of maggots in the nuts of each.

Flies were observed to feed upon the juice that flowed from ovi-

position scars and upon the naturally more or less gummy surface

of the nuts. In feeding thej^ would eject from the mouth a particle

of clear liquid onto the surface and after working it over with the

purselike, external mouthparts would swallow it again.

NATURE OF INJURY.

In native black walnuts the eggs of the husk-maggot fly are

usually deposited so late in the season that the resultant maggots

do not i^revent the nuts from maturing and dropping normally.

Thus, while apparently all the eggs are laid in nuts on the trees,

the development of the maggots and the blackening of the husks

which results from their feeding take place chiefly in fallen nuts.

In Persian walnuts, however, eggs appear to be laid earlier in the

develo^jment of the nuts. Bearing trees were observed in ISfaryland

and Pennsylvania, a short time before the crop had ripened, on which
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a large percentage of the husks of the nuts were blackened tlirough-

out and the surface covered Avitli a gummy exudation fi'om the mag-

got injury within. Some of the infested Persian walnuts drop

prematurely and others hang to the branches until after the

sound nuts have fallen. In nuts that are attacked liefore maturing

the development is arrested and the kernel becomes unfit for use.

The injury is thus threefold, in that it impairs tlie quality of the

kernel, causes the husk to stick to the shell in the hulling process, and

blackens and soils the shell, making the nuts unattractive for market.

NATURAL ENEMIES.

Only one parasite of the husk-maggot has been discovered. This

is a In'menopterous species, Aj)]iaereta auripes Prov,, reared from

the puparia by Babb C) at Amherst, Mass. The writer, on Sep-

tember 8, 1920, found a small leaf-bug, determined by W. L. McAfee

as a species of Lopidea, with its beak inserted through the skin of a

black walnut sucking out the contents of a batch of fresh-laid husk-

maggot eggs. An examination of the eggs showed that a number of

them had been punctured and emptied by the bug.

METHODS OF CONTROL.

Experiments in controling the husk maggot with lead-arsenate

sprays were conducted in 1920 in the Persian walnut groves of Mr.

N. H. Baile, at New Windsor, Md., and of Mr. J. G. Rush, at West
Willow, Pa. Only a single application of the spray was made in each

case. The grove of Mr. Baile consists of about a dozen seedling trees

of various sizes, some of them about 30 years of age. At the time

of the spraying all were bearing heavy crops of nuts. This grove

was spra-\aed by mieans of a power sprayer on August 10, with 3

pounds of lead-arsenate paste to 50 gallons of water. The grove of

Mr. Rush consists of 18 trees of named varieties, all of bearing age.

The trees were producing heavily at the time the spray was applied.

The spraying was done on August 9, using li pounds of lead-arsenate

powder to 50 gallons of water. Two trees of the variety known as

Rush, three of Hall, and two of Mayette were sprayed with the leacl-

arsenate solution to which enough molasses had been added to give

the liquid a slightly sweetish taste. For treating the Rush grove a

small hand sprayer mounted on a wheelbarrow was used (PI. I).

The trees of both groves had borne the previous season, but the crops

had been injured seriously by the attacks of the maggots.

At the time the groves were sprayed the adults of the maggots

were appearing on the trees and a close examination of the nuts in

the Rush grove disclosed one batch of freshly laid eggs. After the

spraying the Baile grove was not revisited until the nuts were almost

8 Babb, G. F. op cit.
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ripe. The Rush grove, however, was kept under close observation

by Mr. Eush and the writer. The flies became very numerous on the

trees of this grove for a period of a few days after the spray was
applied and then decreased in numbers.

Examination and counts of the nuts of the sprayed trees in the

Baile grove just before the crop was gathered showed that 4 per

cent of the nuts had been attacked by the maggots, whereas at least

60 per cent of the crop had been destroyed by the maggots the pre-

vious year. In the Eush grove it was estimated that the condition

was 75 per cent better than the year before when no treatment was
given. No Persian walnut trees were found near either the Baile or

Eush groves that were suitable for use in checking up definite results

of the spraying. However, a comparison of the sprayed nuts with

those produced by the same trees the previous season and with those

produced in other localities the same season, together with the known
abundance of the flies that appeared early upon the sprayed trees,

indicates decidedl}^ beneficial results from the treatment.

Flies confined in roomy wire-screen cages were observed to feed

freely on sweetened water to which sufficient lead arsenate had been

added to give the liquid a millry color. It must be admitted that

these flies succumbed very slowly to the poison. Further tests of

this treatment must be made before it can be recommended unre-

servedly as an effective and sure method of control for this pest.
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INTRODUCTORY AND HISTORICAL.

In the course of investigations of the Hessian fly {Phytojjhaga

destructor Say) and its parasites, at the Cereal and Forage Insect

Field Station of the Bureau of Entomology at Carlisle, Pa., it be-

came necessary to have accurate data regarding the normal rate of

multiplication of this insect. Such information was needed, in the

first place, as a basis for estimating the efficiency of the various

species of parasites. In the second place, the writer, having been

greatly impressed by the rapidity with which an outbreak of serious

proportions may develop in a short time from comparatively small

sources, and being aware that such an increase is largely due to the

reduction in effect of some of the important natural checks to the

increase of the fly, suspected nevertheless that the potential rate

of multiplication might be much greater than usually has been sup-

posed.

The writer has been unable to find satisfactory data on this subject

in the literature or among other recorded observations. In fact, it ap-
pears that little attention has ever been paid to the matter, especially

Died June 23, 1920.

65675°—21
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in recent times. In 1861 Wagner ^ by confining a female Hessian fly

with wheat plants secured a total of 83 eggs. He evidently carried

out other experiments, for he concludes that the number of eggs de-

posited by a female is more than 80 and less than 100. Koeppen ^ in

1889 stated that, according to Lindemann, a female may deposit up
to 200 eggs, but believed these figures too high and gave Haberlandt's

statement that the female deposits only from 40 to 50 eggs.

The most careful observations up to the present time seem to be

those made by Enock.* He confined the female insects in cages with

barley plants, securing in one case a maximum of 158 eggs. He also

confined females singly in corked vials and secured in this way a

maximum of 130 eggs. The number of eggs he secured by these

methods ranged from TO to 158, with an average for 10 cases of 113

eggs. He concludes that a single female lays from 100 to 150 eggs.

Although Lugger^ dissected a female which contained 238 eggs, the

usual figures given since the date of the paper by Enock are based

on Enock's conclusion. This conclusion, however, resulted from an
insufficient number of experiments, and the methods used in obtaining

the counts will not give accurate results. The adults of the Hessian

fly are extremely sensitive to conditions of temperature and moisture.

The females normally oviposit at comparatively low temperatures and
when moisture in abundance is present. If these conditions are

reversed or if conditions are unsatisfactory in some other respect,

the females will die before depositing all their eggs. A new and
thorough study of the subject therefore seemed imperative.

METHODS OF INVESTIGATION.

For the reasons stated, the method of confining female Hessian

flies in vials and all other methods involving their confinement in

cages kept in the laboratory were rejected. Cages kept outdoors

at the usual times when adults are abroad were also dispensed with,

because any cage modifies natural conditions, more or less, and be-

cause it is difficult to secure accurate counts where eggs are scat-

tered over a number of plants.

The writer is convinced that under normal conditions each female

deposits practically all of her eggs. It has been found that at the

time of eclosion each female contains her normal allotment of eggs

in a well-developed condition; in fact, it is possible to count all of

the eggsi by dissecting the pupa stage. It seemed simpler and more

2 Wagner, Balthasae. Observations on the New Gall-Gnat. Fulda, 1861. Trans-

lated in U. S. EJntomological Commission^ Third Report. Appendix II, B, 1883, p. [15].
* Koeppen, F. T. Die Schaedlichen Insekten Russlands. St. Petersburg, 188ft,

Translated in U. S. Entomological Commission, Third Report, Appendix IV, 1883, p. [41].
* Enock, F. The Life-History of the Hessian Fly, Cecidomyia DESTRncTOR, Say.

In Trans. Ent Soc. London, p. 332, 1891.
» Lugger, O. The Hessian Fly. In Minn. Agr. Exp. Sta. Bui. 64, p. 552, 1899.
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economical of time, therefore, to dissect the females and count the

number of ova they contained, and this procedure has been followed

out beg'inning with the fall brood of 1918.

Before the dissection of female flies and the counting of their ova

had been carried very far, other difficulties appeared. These hinged
chiefly on the question of what females should be counted. At first

it seemed simple enough to count the number of ova contained in a

given number of females and average up the results. This, however,

proved to be insufficient because of the great variation in the results

obtained from different lots of females. The females vary greatly in.

size, and, correspondingly, in the number of ova they contain; and
the average number of ova per female varies in different fields.

In the study to determine some of the reasons for this condition of

affairs, it became evident that the number of ova contained in a

female is related to the number of puparia in a tiller. On the aver-

age, the greater the number of puparia in a tiller the smaller the

number of eggs the resulting females can lay. Since the average

number of puparia in infested tillers varies in different fields and in

different years, the difficulty of making a fair average can be readily

seen. There also appears to be a relation between the date when
wheat is sown and the average number of eggs for females of the
fall brood. Puparia obtained from late-sown wheat developed fe-

males with a reduced capacity for egg production. When work was
begun on the spring brood in 1920 it was found that the average

number of eggs varied markedly for the two principal generations.

All of these conditions and undoubtedly others have to be dealt with
in some manner in arriving at a fair estimate.

In view of these facts, separate counts have been made for the

principal generations. In the case of the fall brood all of the puparia
found in a number of plants taken from various fields were caged
and every female Avhich emerged was dissected. Most puparia were
taken from fields known to be sown early and which, consequently,

contained flies of all ages ; or else they were taken from fields where
the age of the plants was unknown. This avoided the giving of un-

due weight to fields sown late. In this manner many of the data
accumulated have been eliminated from the general average for the

fall brood.

In the case of the spring brood, all plants were obtained from a

number of fields just before harvest. All their puparia were re-

moved and caged. In two cages extremely long stubbles, which
probably contained all the puparia of the original plants, were used.

In this generation allowance must be made for an enormous mor-
tality due to parasitism and weather. Usually it is not expected

that more than from 3 to 10 per cent of the flies will remain alive

at emergence time in the fall, and, of course, allowance must be made
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for males which are sure to emerge. Taking all of these facts into

consideration, success beyond expectations was achieved in the fall

of 1919, in making counts for the spring brood of 1920.''

AVERAGE NUMBER OF OVA FOR THE PRINCIPAL BROODS.

In presenting the results of this investigation, it will be necessary

to consider first the average number of ova which can be laid by
females of the principal generations. The data for each of these

generations will be tabulated separately. After this has been done,

it will be necessary to take into consideration the proportion of the

two sexes before a sufficient basis can be had for estimating the rate

of reproduction of the Hessian fly.

FALL GENERATION.

In Table 1 are given the results of counting the number of ova
contained in 107 female^. These flies were obtained from six dif-

ferent fields, as indicated by their cage numbers. It will be noted

that the average number of eggs per female varies considerably in

different fields, even when the number of females counted is approxi-

mately the same. It is thus easy to see what a difficult matter it is

to obtain a fair average number of eggs per female. The figures,

however, are as fair as could be obtained for the year in question

and in the time available.

Table 1.

—

Average number of ova for females of the fall generation of the

Hessian fly, Carlisle, Pa., 1919.

Cage No —
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SPRING GENERATION.

For the spring generation the ova have been counted for 160

females. The most surprising thing about the results obtained, as

shown in Table 2, is the general average number of ova per female

of 232.9. This is an average of 54 eggs per female less than was

found in the case of the fall brood.

Table 1.
—Average number of ova for females of the spring generation of the

Hessian fly ; counts made at Carlisle, Pa., in the fall of 1919.

Cage No.-
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SEX RATIO.

Before proceeding further with the discussion of the rate of multi-

plication, it is necessary to take up the question of the proportion

existing between the two sexes. In order to acquire data on this

subject, a beginning was made, more than two years ago, to record

the sex of all Hessian flies that emerged in the cages. These cages

contained only puparia separated from their surrounding plant tissue

and reared in small vials. The puparia had been obtained in various

localities in the northeastern portion of the United States. In this

way the sex has been recorded of practically every fly that has

emerged from a few thousand puparia each year. At the end of

the first year it appeared that the percentage of females in the

spring generation was remarkably high. It was not anticipated that

this excess of females in the spring generation would prove to be con-

stant, but Table 4 shows that for the second year the percentage of

females dropped only slightly. Although the rearing of flies from

the 1919 material has not been completed, a much larger number
than usual have already bfeen obtained, and the percentage of

females for 1919 is almost the same as for the two preceding years.

Table 4.

—

The sex ratio in the various Hessian fly generations, 1917, 1918, ancE
1919.

Generation.
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Going on the assumption that under normal conditions practically

every egg is laid, let it be assumed that none of the fly stages are

destroyed by enemies. For the sake of round numbers let 285 be

taken as the average number of eggs laid by the fall generation and

230 as the average by the spring generation. It may also be taken

for granted that one male will fertilize several females, since Enock ^

proved by careful methods that one male successfully fertilized as

many as six females. This will take care of the preponderance of

females in the spring brood.

Starting now with a single female of the spring brood emerging

in the fall, it is found that she can lay 230 eggs. One-half of these

eggs in the spring will produce females, each of which may lay 285

eggs. This will give 32,775 as the product of one female working

through two generations in one wheat crop, with no allowance made
for multiplication in volunteer wheat. The flies which develop in

volunteer wheat in the East are usually comparatively small in num-

ber and are heavily parasitized. If it be assumed that all these flies

remain alive in the stubbles imtil the next fall, there will be a total

of 60 per cent of the flies emerging as females, or 19,665. If these

all lay 230 eggs, there will be the enormous total of 4,522,950 flies

developing in the fall wheat of the second year. The resulting fe-

males would number 2,261,475 and would give rise in the second

spring to 644,520,375 fly stages. This result has been obtained in

two crop years, not allowing for any multiplication in volunteer

wheat.

The question may be looked at from another point of view. Prob-

ably infestation of stubbles is never as low as one puparium per

acre, although the foregoing computation began with one fly. In

one field studied quite carefully during the siunmer and fall of 1919

the stubbles were found to be infested at the rate of 4,900,000 per

acre. A careful examination of the puparia in these stubbles just

before the emergence season showed that only 4.4 per cent contained

living fly larvae, parasites having destroyed practically all of the

remainder. This 4.4 per cent amounts to 215,600 flies per acre. Tf

60 per cent of these were females there would be 129,360 females per

acre ovipositing in the next crop of wheat and producing in it the

next fall 29,752,800 ova. With similar calculations from a few
other fields as a basis, a big outbreak in wheat sown in the fall of

1919 wjis looked for. As a matter of fact, however, it was found
after the emergence season was over that many of the expected flies

had failed to emerge from the stubbles. A careful count made in

the field mentioned above showed that only about one-third of the

healthy fly larvae had transformed. This amounted to about 1.4

per cent of the total number of flies.

' Op. cit.
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Correcting the figures to correspond with what actually happened

in the field and calculating in the same way as before, it is found that

this extremely small percentage of flies transforming in this stubble

field in the fall would amount to 68,600 flies per acre, with 60 per cent

or 41,160 females. These females would lay enough eggs to develop

into 9,466,800 flies per acre in young wheat sown in the fall of 1919.

This is a much smaller number than had been anticipated, but it will

be readily seen that even this is an enormous infestation. If the

farmer sows about the same acreage from year to year and no flies

are lost by migration, then the flies from an acre of stubbles would

proceed to an acre of new wheat. It is calculated that 1,000,000-

plants per acre is a good stand, and in that case this farmer would

have over nine flies developing on every wheat plant. It will be

readily seen from this that his chances of securing a wheat crop

under the conditions named are practically zero. It is also evident

that anything which helps to cut down this rate of reproduction is

of enormous benefit. The principal checks to the multiplication of

the Hessian fly are its parasitic enemies and unfavorable weather

conditions, and if it were not for them it probably would be im-

possible inside of two years to grow wheat at all. This illustration,,

it is hoped, will also help to explain how an outbreak may seem to

develop suddenly from a very low infestation of stubbles.

CONCLUSIONS.

The principal points made in this bulletin may be summarized as

follows : '

1. The rate of multiplication of the Hessian fly is much higher

than has been realized.

2. The rate of multiplication is quite different in the two principal

broods of the Hessian fly, the spring brood laying on an average

only about 230 eggs per female, whereas the fall brood lays about 285

eggs per female.

3. The capacity for reproduction also varies with a number of

other factors, such as date of sowing, number of puparia per tiller,

etc.

4. Because of these various influences, the actual rate of multipli-

cation will be found to vary from year to year and even from field to

field, and in years of light infestation the figures will prove too low.

5. The proportion of males to females varies in the two principal

generations. In the spring generation about 60 per cent of the flies

are females ; in the fall generation the sexes are approximately equal

in number.

6. By applying these figures, however unsatisfactory the basis may
be, it is believed that entomologists will be better able to appreciate

how a Hessian fly outbreak may develop very suddenly, and to pre-

dict in a more accurate manner the approach of a dangerous outbreak.

WASHINGTON : GOVERNMENT PRINTING OFFICE : 1»21



«/

UNITED STATES DEPARTMENT OF AGRICULTURE

'stc

BULLETIN No. 1016
i

Contribution from the Bureau of Entomology

L. O. HOWARD, Chief

Washington, D. C. PROFESSIONAL PAPER January 31, 1922

BIONOMICS OF THE CHINCH BUG.

By Philip Luginbill, Entomological Assistant, Cereal and Forage Insect

Investigations.

CONTENTS.

Page.

Introduction 1

Seasonal history in South Carolina

—

2

Behavior 3

Mating 3

Life history of the chinch .bug 4

Description of the egg and nymphal
instars

Sexual differences among adults

A parasite of the adult

Page.

10

10

li

INTRODUCTION.

During several years past the biology of the chinch bug {Blissus

leucopterus Say) has been studied in South Carolina with a view to

the control of the insect in that region. It is a pest of considerable

importance, especially in some of the northern counties of the State.

Many planters in this region will plant no grain, giving as a reason

that attempts to grow grain result in producing chinch bugs, and as

a consequence they are unable to make a corn crop. Coincident with

the conduct of field investigations, some time was devoted to a study

of the insect in the laboratory at Columbia, and although this work
is not complete, certain novel facts regarding the life history of the

pest have been learned which make it advisable to publish imme-
diately the information thus obtained. Wherever the chinch bug has

been treated in the literature, it has always been represented as pass-

ing through five instars in its development. By means of the experi-

ments conducted at Columbia, S. C, it has been shown that in this

locality the insect has six instars, instead of five, exclusive of the egg
stage, viz, five immature stages, the sixth being the adult stage. The
figures of the stages of this insect given by C. V. Riley, which have

been used over and over again in various bulletins and other works
on this subject, therefore are incorrect, at least in so far as South
Carolina is concerned. Specimens of the different stages were pre-

served .at Columbia, and from these drawings have been made by
70208—22 Bull. 1016
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Miss E. H. Hart, to whom much credit is due. A dipterous parasite

of the adult insect has also been reared for the first time, as described

below.

SEASONAL HISTORY IN SOUTH CAROLINA.

NUMBER OF GENERATIONS.

There are two generations of the chinch bug annually in the

South, the same as in the North. The adults begin to mate shortly

after they emerge from hibernation quarters, this emergence occur-

ring during the latter part of April, as mentioned elsewhere in this

paper. A few pairs in copula, however, have been collected prior

to this date. General copulation does not occur until after the

spring migration, or after the adults have reached their feeding

ground ; it usually takes place during the first week in May, although

the time varies somewhat. Eggs are deposited shortly after, and

by the latter part of May nymphs appear. ' By the end of the first

week in June the majority of the old adults are dead and by the

middle of the same month new adults begin to appear, although

not attaining their maximum abundance until some time in July.

Part of June, July, and part of August are covered by the second

generation, which may be called the summer generation. The adults

from this generation appear in September and October, and some

probably in early November, and go into hibernation for the winter.

The two generations overlap to such an extent that during the sum-

mer months all stages of the insect may be found in the fields at once.

HIBERNATION.

In the South this insect passes the winter in the adult stage among

old, dead cornstalks, especially under their leaf sheaths and in their

husks. There is no doubt that many individuals also hibernate

among dead grass, along terraces and borders of fields. They are

not found in any great numbers in any one place during this season

of the year, but are fairly well scattered, so much so that it is a

difficult matter to find any quantity of them at any one time. The

bugs apparently feed but little during winter but remain hidden

until the warm spring sun arouses them to activity and they pre-

pare for their spring migration.

DISSEMINATION.

This insect migrates from its winter quarters to -grain fields princi-

pally by flight. The adults of the hibernating generation apparently

consist exclusiA^ely of winged forms and are fully capable of spread-

ing into fields of forage and grain. Thus far no short-winged in-

dividuals have been found among the spring migrants. The exact

time when migration takes place in spring has not been definitely
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determined, but apparently it is during the month of April. Mi-

gration is governed hirgely by seasonal conditions. The phenomenon

of migration in this insect in spring on such an extended scale is a

topic for general conversation among the planters in regions subject

to infestation. The planters state that during migration the bugs

fill the air like swarms of bees and are even known to enter dwellings

at night. To a lesser extent the adults spread on foot to grain fields

from their winter quarters, especially when such fields are not far

removed from where the bugs have hibernated. It is not an uncom-

mon practice in the South to sow grain, especially winter oats, on

corn stubble land, and in such cases the adults find their food without

having to search for it. There does not appear to be any definite

summer migration. This may be due partly to the fact that a large

number of the individuals of the summer generation are short-winged

forms, unable to fly, and hence are compelled to seek fresh fields by
crawling to them.

BEHAVIOR.

Adult chinch bugs often feign death when disturbed, especially

when they happen to be lying on their backs. When it is least ex-

pected, however, they will right themselves quickly and scamper away
to seek concealment under the nearest shelter, and are then difficult to

capture. They are exceedingly quick on their feet, and when a vial,

in which they are held captive, is opened, are often able to regain

their freedom before the observer realizes what has happened. When
adults are captured in the field they frequently escape by crawling

through the little spaces between one's fingers and quickly drop to

the ground. The nymphs of all stages are quite as active as the adults

and often escape from captivity in a similar manner. Activity, of

course, depends upon prevailing temperatures. Early in the morning
the adults and nymphs are often quite sluggish and are easily taken,

but by the middle of the day they become exceedingly active.

This insect is a sociable creature, both in its nymphal and adult

stages, and when a number of individuals are placed in the same cage

they will be found, later on, feeding in a little group. When disturbed

they scamper in all directions, to reassemble when danger has passed.

Upon removal of the lid from a tin ointment box used as an incuba-

tion cage the nymphs that had hatched were often found huddled

closely together in a little group along the edge on the underside

of the lid, these nymphs being very small when newly emerged.

MATING.

Mating takes place repeatedly among the individuals of this

species, and may occur at intervals of from 5 to 8 days. The adults

remain in copula for some time, occasionally for 12 hours or more,
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and during this time are easily captured. During copulation

the female alone remains active, traveling about frequently, and
dragging the male helplessly after her. There is little doubt that

there are both polyandry and polygamy among the adults of the

chinch bug, since they mate an indefinite niunber of times.

LIFE HISTORY OF THE CHINCH BUG.

OVIPOSITION.

Under field conditions eggs are placed by the female ne'&,r or on

the plants upon which the insect feeds. Eggs may be found in the

soil near the roots, at the base of the plants, but more often occur in

the leaf sheath, which appears to be the preferred place.

In the laboratory bacteriological test tubes, of standard size, stop-

pered with absorbent cotton and supplied with parts of corn plants,

were found to be the most successful type of egg cage. The corn

plants used as hosts were about 6 inches high, with their foliage and

the outer roots cut off before introduction into the cage. Sometimes

parts of larger cornstalks were used when young corn was not avail-

able. In cages where young corn was supplied the eggs were laid

on all parts of the plant, but most frequently were placed under the

upper epidermal layer of the leaf sheath. This appears to be their

favorite location, although many eggs were placed in the cotton

stopper of the vial. Where parts of cornstalks were used, the eggs

were often found pushed into the pith, on either end, to their entire

depth, sometimes two and three together. In the leaf sheaths they

are often found in quantities, side by side. In one instance 16 eggs

were found placed in this manner in a neat, compact row. With a

little care the whole row was lifted out without any of the eggs be-

coming detached. It was not often that eggs were placed loosely

in the vials. It seems that the female desires to conceal her eggs from

possible predacious enemies.

Eggs in cages were deposited during all hours of the day. It is

possible that some may be deposited during the night, but this is

doubtful. In the field it is quite likely that very few eggs are de-

posited during early morning hours, the temperature at that time of

the day being lower and damp, which causes the adults to become

numb and therefore sluggish.

NUMBER OF EGGS DEPOSITED BY A SINGLE INDIVIDUAL.

Considerable variation has been noted in the number of eggs de-

posited by an individual female of this species. Such variation un-

doubtedly is governed to some extent by seasonal weather conditions.

There is no doubt, however, that some females are by nature more

fecund than others.
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Females and males, taken in copula in the field very early in

spring, were placed in test tubes and counts made of the number of

eggs laid. Data relating to four of these cages are given in Table I.

The largest number of eggs deposited in any one of the four cages

was 119, in cage 20-51. The smallest number, 51, was obtained in

cage 20-53. The average number deposited by one female, based on

the four individuals, is 85.25 eggs. Oviposition extended over a

period of 56 egg-laying days in cage 20-50, and only 41 days in cage

20-51, although more eggs were deposited in the former cage than in

the latter.

Although the individuals were collected from the field, there does

not seem to be much doubt that the females had begun to oviposit

before they were captured, since they were taken at the time of their

migration and shortly afterwards, and at the time when they were

copulating in great numbers.

Table 1.- -Records of daily and total egg production of four individuals of
Blissus leucopterus, Columbia, S. C, 1920.

Cage No. 20-50.
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of 664 eggs was obtained during the spring and summer of 1919 and

1920. These data are given in Table 2. The longest period obtained

for the egg stage was 31 days. This egg hatched on June 8 from a lot

of 103 deposited on May 8. The shortest egg period was 9 days,

during July. There is a gradual decrease in the length of the egg

stage from early May to July, and during August it again increases.

Not all of the eggs of one day's deposition hatch on the same day,

although the reason for this is not definitely known. It may be

that some eggs are not sufficiently supplied with moisture, or with

the same amount that the others receive, and consequently develop

more slowly. There may be a difference of nine days in the time of

hatching in the same lot of eggs, as will be noted in Table 2 under

entry of May 8. The greater number of this lot of 103 eggs, how-

ever, hatched within 3 days after hatching began. The first eggs in

this lot hatched on May 31, the last on June 8. There is a greater

range in the time of hatching in a single lot of eggs in the early

spring months than in the summer months. In the latter period a lot

of eggs laid on the same day generally hatch within at most 3 days

after hatching has begun, and quite often all of them hatch on the

same day.

The weighted average for the egg period of the 664 eggs recorded

in Table 2 is 21.96+ days.

The type of cage used for observation purposes on the incubation

period consisted of a very small tin ointment box with a plaster of

paris bottom. The porous qualities of this substance permitted intro-

duction of just the right amount of moisture. No great difficulty

was experienced with fungus, which often develops in closed boxes

where moisture is present, especially when used continuously for as

long a time as in these experiments. This type of egg cage has been

found exceedingly satisfactory for making observations on the egg

stages of various insects, especially those which lay their eggs in

the soil or other damp places, and therefore have to be kept fairly

moist if good results are to be obtained. It was devised in connec-

tion with investigations of the southern corn rootworm {Diabrotica

l^-punctata Oliv.).
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Table 2.—Len<jth of incuhation period of egf/s of Blissus IcncoptcruH, Coliniihia,

S. C, 1919-20.

Eggs deposited.
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a total of 56, or about 9 per cent, were infertile,

males were with the females at all times.

In both instances

NUMBER AND LENGTH OF INSTARS AND TOTAL LENGTH OF THE IMMATURE
PERIOD.

According to experiments concluctecl at the laboratory at Columbia,

S. C, in 1919, and again in 1920, the nymphs of this species molt five

times during their development from egg to adult, the same number

of times as do the nymphs of the squash bug {Anasa tristis De G.)

and the harlequin cabbage bug {Murgantia histrionica Hahn) . These

species, although belonging to different families from the chinch

bug, differ from this insect mainly in taxonomic characters rather

than in their bionomics. There are indications that occasionally a

nymph may molt only four times, as originally supposed, and very

rarely six times. This, however, is the exception rather than the rule,

and such variation is known to occur among larvae of various species

of lepidopterous insects.

Table 3.

—

Numher and length of instars and total length of immature period of
Blissus leucopterus, Columbia, S. C, 1919-20.

Cage No. Nymph emerged. Date of first molt.
Length of

first

instar.
Date of second molt.

Length of
second
instar.

1 19-450
19-454
19-459
19-462
19-463
19-466
19-468
19-473
19-476
19-478
19-528

» 20-700
20-736
20-747
20-748
20-751

July 11..

July 11..

July 16.

.

July 9...

JuJy 10..

July 10..

July 10..

July 16..

July 17..

July 17..

July 26.

.

June 11.

June 15.

June 15.

June 15.

June 12.

July 27.

.

July 27..

July 27..

July 18.

;

July 19.

.

July 27.

.

July 20..

July 27..

July 30.

.

July 27.

.

Aug. 1..

June 29.

June 29.

June 29.

June 29.

June 28.

Days.
Aug. 2.

.

July 31..

July 31..

July 24.

.

July 26.

.

July 31..

July 27.

.

Aug. 2.

.

Aug. 4..
July 31.

Aue. 10.

July 5...

July 5...

July 5. .

.

July 5...

July 5...

Days.

Average.

Cage No.

1 19-450
19-454
19-459
19-462
19-463
19-466
19-468
19-473
19-476
19-478
19-528

2 20-700
20-736
20-747
20-748
20-751

Nymph
emerged.

July 11.

July 11.

July 16.

July 9..
July 10.

July 10.

July 10.

July 16.

July 17.

July 17.

July 26.
June 11.

June 15.

June 15.

June 15.

June 12.

Date of
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The data obtained in connection with the experiments on the

number and lcno:th of instars of 16 individuals have been summarized
in Table 3. In another series of approximately equal number, under

•observation for about the same period as were those of 1919 given

in Table 3, four molts only were observed and the nymphs were then

in their penultimate stage. The length of the period of the first

instar, according to Table 3, varies from a minimum of 6 to a maxi-

mum of 18 days, the second varies from 4 to 9 days, the third from
3 to 31 days, the fourth from 6 to 26 days, and the fifth from 10 to 26

days. Taking the averages obtained in the series, the period of the

second instar is the shortest, the third somewhat longer than the

second, the fourth slightly longer than the first, and the fifth much
the longest of all. The greatest number of days required for any
one of the individuals in the series to reach maturity was 94, and the

smallest number 51. The general average for the total length of the

immature period in the series is 66.43 days.

It is not unlikely that the length of the instars and the length of

the immature period were somewhat extended, because the nymphs
were kept under somewhat unnatural conditions. In this study of

number and leng-th of instars in this species small shell vials (30 mm.
in length) were found the most convenient and satisfactory. These

were stoppered with absorbent cotton and the cotton was moistened

as often as necessary when observations were made. Small bits of

cornstalks were supplied as food for the nymphs. It was necessary

to be very cautious to prevent an oversupply of water from gathering

on the sides of the vials. When droplets gather the nymphs, in

crawling along the sides, are overcome by the water and become
helpless, and if not assisted to a drier place and the vial dried out

will die in a short time.

A short time before the nymph casts its skin it becomes much
swollen, especially in the abdominal region. The abdomen is then

much wider than the thorax, particularly in the region of the fourth

and fifth segments. Before this it is about the same width as the tho-

rax or a little wider. The period during which the nymph has this

swollen appearance will be called the molting period, and prepara-

tions are then being made by the nymph to cast off its outer cuticular

layer. This period corresponds precisely to that in lepidopterous

larvae known as the molting period, during which the larvae become
sluggish, feed little or none, and prepare to shed their outer coat.

Specimens used for drawings of the various nymphal instars by
C. V. Riley apparently were all in the molting stage, as the figures

representing the instars show the nymphs much swollen. These

drawings, therefore, are incorrect, even if the insect should have
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had only five stages instead of six. The specimens used for the
figures in this paper all had fed for some time after casting their

last molt. In most cases the specimens were preserved for three,

but in some cases for only two days after molting and during this

period the individual was permitted to feed. Illustrations of speci-

mens which have just molted and have not fed, or specimens about
to molt, are likely to be misleading, as they are not normal repre-

sentatives of the stage desired. Very often the color pattern of a

specimen fades considerably just before molting, and if drawings
are made at that time the color pattern for that instar will be
wrongly recorded.

The nymphs of the chinch bug during the molting period feed

very little, and their color pattern fades toward the close of' the

period. This fading is due to the

loosening of the transparent cuticular

layer, which is about to be cast. The
darker color pattern of the succeeding

instar can often be seen through the

thin layer.

One nymph was caught in the act of

casting its skin. When first observed

\fj it had already freed part of the ab-
FiG. 1.—The chinch hug (Biisans clomen and thorax. It then drew its

leucopterus) : Cluster of eggs, t , i ^
• i i

•
i

showing tubercles at the trun- legs out oue at a time and by a jerky
cated or blunt ends. Greatly motion of the abdomen freed itself

entirely from the old skin. The
nymph utilized its last pair of legs to push off the skin from the tip

of the abdomen.

DESCRIPTION OF THE EGG AND NYMPHAL STAGES.

A description of the egg (fig. 1) and nymphal stages is given be-

low. It does not seem necessary to describe the adult or the sixth

instar (fig. 2, /), but a brief discussion of the sexual differences

in the adult stage is included. It seems important that the sexual

differences be known in order to facilitate biological work on this

insect.

EGG.

The egg is elongate ovate, slightly reuiform in shape, rounded at one end

and truncate at the other. The truncate end is supplied with from three to

five, usually four, tubercles 0.1 millimeter in length ; opaque white in color

when just deposited, turning amber in a few days and deep red several days
before hatching. Just prior to hatching the embryo shows through the chorion

which is smooth, shiny, and somewhat iridescent.

Length, 0.858 mm.; width, 0,308 mm.
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FIRST INSTAR.

Fig. 2, a.

Head brown ; width, 0.235 mm. ; eyes dark red
;
proboscis pale except tip

which is dusky ; antennal segments dusky, segment 4 of antenna about twice

the length of any one of the others, points of articulation pale.

Fig. 2.—The chinch bug : a, Nymph, first instar ; h, nymph, second iustar ; c, nymph,
third instar ; d, nymph, fourth instar ; e, nymph, fifth instar ; f, adult of long-winged

form
; g, tip of abdomen of adult female, ventral view ; li, tip of abdomen of adult

male, ventral view. Greatly enlarged.

Thorax 0.234 mm. in width ; legs pale, the tarsi distinctly two-jointed

;

pronotum brown and coriaceous over the whole surface, 0.104 mm. in length

;

mesonotum pale except the small coriaceous patch on either side of the meson,



12 BULLETIN 1016, U. S. DEPARTMENT OF AGRICULTUEE.

which is brown, 0.062 mm. in length ; metanotum pale except a narrow dark

line on either side of the meson, 0.047 mm. in length. The coriaceous area on

the thorax is brol^en on the meson and causes it to appear as though crossed

by a pale line.

Abdomen about the width of the thorax, though sometimes somewhat wider,

the widest part being in the region of the fourth segment. Segments 1 and 2

pale yellowish white, this color sometimes invading part of the third segment

;

remaining segments light red, darliening somewhat in older individuals. There

is a minute, dark spot on the meson near the caudal margin of the fourth seg-

ment and a similar one on the caudal margin on the meson of the fifth segment.

In some specimens these spots are absent during the first instar. Tip of ab-

domen black.

Length, 0.889 mm.
SECOND INSTAR.

Fig. 2, 6.

Head brown ; width, 0.314 mm. ; eyes, antennse, and beak as in first instar.

Thorax, 0.513 mm. in width ; legs pale as in previous instar ;
pronotum re-

sembling previous instar; mesonotum coriaceous over almost its entire surface;

metanotum with two brown coriaceous patches, one on either side of the meson,

resembhng large exclamation points ; otherwise the segment is pale.

Abdomen, 0.502 mm. in width, widest in region of fourth segment. Seg-

ments 1 and 2 pale ; remaining segments darker red than in preceding instar.

The dark spots on the fourth and fifth segments are somewhat larger than in

the preceding instar, but have not taken on any definite shape. Tip of the abdo-

men black, as also the area around the anal opening.

Length, 1.287 mm.
THIRD INSTAR.

Fig. 2, c.

Head dark brown ; width, 0.399 mm. ; eyes very dark red ; proboscis amber

except at tip, which is almost black ; segments 3 and 4 of antennae black, 1 and

2 amber, segment 4 twice as long as 2 and 3 and over three times as long as 1

;

points of articulation pale, somewhat translucent.

Thorax, 0.518 mm. in width ; legs amber, somewhat dusky on the femora

;

pronotum, mesonotum, and metanotum dark brown and coriaceous over the

whole surface; wing pads discernible on the caudal border of the mesonotum

near the outer edges, in the form of a slight extension or outgrowth of the

coriaceous covering in this region.

Abdomen, 0.596 mm. in width, widest in region of fourth segment. Segments

1 and 2 pale whitish, remaining segments a dull red, with mottlings of a darker

color here and there. The two spots on the abdomen assuming a definite shape

somewhat resembling a flaxseed in outline, one spot on the caudal margin on

the meson of the fourth segment and the other on the meson of the fifth seg-

ment extending partly over the suture of the fifth and six segments. Tip of

abdomen black.

Length, 1.648 mm.
FOURTH INSTAR.

Fig. 2, d.

Head, eyes, antennae, and proboscis the same color as in the preceding instar

;

width of head, 0.465 mm.
Thoi'ax, 0.654 mm. in width; legs same in color as in preceding instar; me-

sonotum very narrow, only about half as long as the pronotum and only a
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small area of this segment visible on the meson and appearing whitish. Wing

pads now conspicuous and extending about half way across the first abdominal

segment.

Abdomen, 0.696 mm. in width. Segments 1 and 2 pale whitish as before, re-

maining segments dark red with streaks of black, giving it a blackish appear-

ance. The black spot on the meson of the fourth abdominal segment very con-

spicuous. The other spot has moved farther caudad and is now found just

below the suture separating the fifth from the sixth abdominal segment, or on

the meson of the cephalic border of the sixth segment. Tip of abdomen black,

including a small area around the anal opening.

Length, 2.114 mm.
FIFTH INSTAR.

Fig. 2, e.

Head black ; width, 0.591 mm. ;
polished ; eyes very dark red

;
proboscis

amber, except tip which is black; antennal segment 1 amber, 0.157 mm. long,

segment 2 amber, 0.314 mm. long, segment 3 black, 0.282 mm. long, segment 4

black, 0.518 mm. long ; points of articulation pale.

Thorax, 0.937 mm. in width ; legs dark ; femora almost black ; tibiae light

amber except tibia of third pair of legs, which is darker ; tarsi dark amber

;

joints lighter. Pronotum, mesonotum, and metanotum black, polished. Wing
pads now extending to the caudal margin of the third abdominal segment.

Abdomen, 0.957 mm. in width ; widest in region of fourth segment as before.

First and second segments not visible except for a small portion on the meson,

remainder of these segments covered by the wing pads, whitish. Remaining

segments very dark red, almost black, with a number of dark areas and

blotches almost black in color, tinged with blue, iridescent. Under the un-

aided eye the abdomen appears black. There is a velvety area on the meson

of the third segment, sometimes extending partly over the fourth segment as

well. The black patch which was on meson of abdominal segment 4 in preced-

ing stages is now on the suture separating segments 4 and 5. The other, which

was on the meson of the fifth segment in the first, second, and third instars,

and on the sixth abdominal in the fourth, is now on the suture separating

the fifth and sixth segments. These patches are very conspicuous. The tip

of the abdomen is black as well as a considerable area surrounding it ; in fact,

most of the abdomen caudad of the seventh segment is black.

Length, 2.967 mm.

SEXUAL DIFFERENCES AMONG ADULTS.

The male chinch bug generally is not so large and robust as the

female. There are other more conspicuous characters, however, that

distinguish the sexes. If the lower, ventral part of the abdomen

of either sex is closely examined, it will be noted that the abdomen

of the male is rounded (fig. 2, h) , while that of the female has a dis-

tinct ridge on the ventro-meson, giving the abdomen an outline in

the form of an inverted V (fig. 2, g). Furthermore, the tip of the

abdomen in the male is rounded, and surrounding the genital open-

ing, especially along the upper border and the sides, the area is well

supplied with moderately long hairs. In the female the last segment

on the ventro-meson is adjusted to shield the ovipositor and its mecha-

nism.
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A PARASITE OF THE ADULT.

From time to time collections of adults and nymphs of the chinch

bug have been made in fields about Rock Hill, S. C, and brought

to the laboratory at Columbia, S. C, for breeding work. No special

attention was given to the possibility of rearing a parasite from the

adult. A large number of adults, however, comprising a portion of

the material mentioned, yielded a tachinid parasite which emerged

from a male individual. The host specimen was collected by Mr.

Samuel Blum on May 7. The puparium was formed on May 8 and

the adult fly issued on May 20. The puparium was at first a golden

color, later turning a dark red. This parasite has been determined by

Mr. W. R. Walton as Phorantha occidentis Walk., and the deter-

mination has been verified by Dr. J. M. Aldrich of the United States

National Museum.

Very little is known concerning this parasite except that it has been

reared from two other hosts, both belonging to the order Hemiptera.

Mr. F. B. Milliken reared an adult of this species in 1913 from an

adult of the false chinch bug {Nysius angustatus Uhl.) and Mr. M.

D. Leonard reared it from the capsid bug Miris dolahratus L. As
far as the writer has been able to learn, this is the first record of

the rearing of a dipterous parasite from the chinch bug, although a

hymenopteirous parasite {Eumicrosoma heneflca Gahan) was reared

by Mr. J. W. McColloch of the Kansas Agricultural Experiment

Station several years ago from eggs of this species.
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INTRODUCTION.

From the year 1905 to December 1, 1911, the State of Massachu-
setts and the Bureau of Entomology, United States Department of

Agriculture, shared the expenses involved in carrying on an investi-

gation of the natural insect enemies of the gipsy moth {Parthetria

dispar L.) and the brown-tail moth {Eujrroctis chrysoi^hoea L.) in

Europe and of the introduction of parasites of these insects from

^ The writer wishes to acknowledge the efforts of all those who have been connected with
the Gipsy Moth Laboratory during the period covered by this report, who have assisted at

various times in gathering and recording some of the data from which this bulletin has been
prepared. H. A. Preston and C. E. Hood took most of the photographs and W. N. Dovener
made the drawing of the adult Apanteles. He wishes especially at this time to express

his appreciation and thanks to A. F. Burgess, who has general direction of the work,

for his help and suggestions.

73070°—22 1
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their native homes to New England. A comprehensive report ^ of

this work from its beginnings through 1910 has been published in

Bulletin 91 of the Bureau of Entomology.

Among the imported parasites which are now established is

Apanteles melanoscelus Ratz., a double-brooded parasite of the

gipsy moth. The following report has been prepared in two parts:

Part I contains the description of the species and its life history,

and Part II takes up its introduction and establishment.

PART I.—DESCRIPTION AND LIFE HISTORY.

The insect was described by Ratzeburg- in 1844 very briefly as

follows (translation) :

Microgaster melanoscekiis is so similar to solitarius that, since it also has

the same mode of life, one might regard it as merely a variety of that species

;

but it is distinguished not only by the very black femora. . . but also by the

third abdominal segment being scarcely rugose, only coarsely punctate at base.

Pits at the base of the scutel very narrow. The one male which I possess is

only one line long.

In 1852 Ratzeburg * again mentions this species and gives a

record of its being reared from Porthetria dispar L. and Stilpnotia

solids L.

Reinhard^ writes in 1880. as follows:

The specimens called by Ratzeburg (Ich. der Forstinsect. Ill) Apanteles

melanoscelus, bred from Liparis salicis, are beyond all doubt this species.

Reinhard is here speaking of A. solitarius and believes the two

to be synonymous. In the same article he places Ratzeburg's type of

A. melanoscelus in A. difficilis (Nees) Reinh. This is undoubtedly

incorrect, as the biology of the two parasites is very different.

Marshall ^ writes in part as follows of A. difficilis:

Common. The cocoons are flesh-colored or buff . . . ; a few, by some accident,

are more yellow. The maggots, on leaving the body of their victim, make
separate naked cases, without clustering together. From 1 to 20 issue from a

single caterpillar, according to its size.

Dalla Torre ^ in 1898 also considered melanoscelus synonymous

with A. difficilis (Nees) Reinh.

-* Howard, L. O., and Fiske, W. F. the importation into the united states of the
PARASITES OF THE GIPSY MOTH AND THE BUOWX-TAIL JIOTH. U. S. Dept. Agr. Bur. Ent.

Bui. 91. 344 p., 74 figs., 27 pi. (1 col.). 1911.
» Ratzeburg, Jdlius Theodor Chbistian. die ichnedmonen der forstinsecten,

V. 1, p. 74, no. 21. 1844.
* Ratzeburg, Julius Theodor Christian, die ichneumonen der forstinsecten,

T. 3, p. 56, no. 51. 1852.
s Reinhard, H. bbitrage zur kenntnis einiger braconiden-gattungen. In Deutsche

Ent. Zeitschr., jhrg. 24, heft 2, p. 352-370. 1880.

"Marshall, T. A. monograph of British braconid.\£, Pt. 1. In Trans. Ent. Soc.

London, 1885, p. 163.
' Dalla Torre, C. G. de. catalogus hymenopterorum, v. 4, braconidae, p. 168. 1898.
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DISTRIBUTION IN EUROPE.

Ajjanteles melanoscclus is probably present over most of Europe.

Specimens have been received at the Gipsy Moth Laboratory from
Vienna, Austria ; Sicily, Italy ; Bendery, Eussia ; and from Saxony,

Brandenburg, Pomerania, and Rhenish Prussia, Germany.

DESCRIPTION OF SPECIES.

It is evident that solitaHus and iiielanoscelus are closely related,

and in time it may be shown that they are the same. If such should

prove to be the case, the name vielanoscelus would have to go, as

soUtariiis has the priority. For the present they are to be considered

as distinct species, and as Eatzeburg's* description of A. vielanoscelus

is very meager, the following new description has been prepared.''

Female.

Length 3 mm. Face feebly shagreened and strongly shiny, with a weak
median welt below insertion of antennae ; vertex, temples, and cheeks shagreened,

pilose, shiny ; mesoscutum shallowly, sometimes indistinctly punctate and shiny

;

scutellum with the disk very slightly convex, smooth, and polished ; mesopleurse

smooth and highly polished, with only a few punctures anteriorly and below,

and a conspicuous weakly crenulate depression posteriorly
; propodeum rugose

except at base, strongly shiny, and with a prominent median longitudinal carina ;

forewing with stigma large and with the radius very distinctly longer than the

transverse cubitus
;
posterior coxse large, smooth, and shiny, with a conspicuous

flattened area on outer edge at base ; spurs of posterior tibite equal in length

and about half as long as the metatarsus. Abdomen stout ; entirely shiny ; first

tergite broader at apex than at base, rugose punctate ; second broad, rectangu-

lar, more or less roughened, without distinct lateral membranous margins

;

third tergite with the rugosity usually confined to the extreme base ; remainder

of abdomen polished ; ovipositor hardly exserted ; hypopygium not extending

beyond apex of last dorsal segment. Black; antennse entirely black; tegulte

black ; wings hyaline, the stigma dark brown ; all coxfe and trochanters black,

except sometimes apex of the latter; base of fore femora usually, basal half

of middle femora, and most of the posterior femora black or blackish ; apical

fourth of hind tibire and the hind tarsi dusky ; sides and venter of the

abdomen black. (PI. I, A.)

Male.

Essentially as in the female. Differs only in the longer antennre, in the

usually darker legs, and in the basal abdominal tergites being less roughened.

The species is exceedingly close to A. solitaHus Eatzebiirg, but

apparently the differences are sufficiently well marked and sufficiently

constant to justify holding the two forms distinct. In A. solitaHus

the antennae are brownish testaceous toward base, the legs, with* the

exception of the coxae and the basal trochanters, are practically en-

^ K.\TZEBURr,, JtiLirs Theodor Christian, op. cit. 1844.
^ The description and translations of references Nos. .*? and "> were madi> hy Mr. V. P. W.

Muesebeck.



BULLETII^ 1028, U. S. DEPARTMENT OF AGRICULTURE

tirely stramineous, and the three basal abdominal tergites are more
coarsely rugose, the roughening on the third tergite extending well

toward the posterior margin medially; the narrow lateral mem-
branous margins on the apical fourth of the first abdominal tergite

are testaceous in A. soUfarius, while they are piceous black in A.

melofnoseelus.

METHODS USED IN BIOLOGICAL WORK.

As this species hibernates as a maggot within its cocoon, it is a

simple matter to gather material during the fall and winter for study

in the spring. The cocoons were kept in the laboratory yard during

the winter, in cylindrical cages 3 by 8 inches, made of very fine copper

netting. Occasionally during the winter a few cocoons were dis-

sected to ascertain the condition of the maggots and to note any

changes which might have taken place. As spring approached, the

cocoons were iso-

lated, being placed

in small gelatin

capsules, or small

glass vials 1| inches

by I inch. It is nec-

essary to isolate each

of the cocoons at

this time of the year

for two reasons

:

First, so that one

may know the exact

age of the adults

with which he is

working and keep the males and females separate; second, to pre-

vent any secondary parasites which may issue from the cocoons

during the spring from ruining the rest of the Apanteles material.

As soon as the Apanteles issued they were removed from their con-

tainers and placed in glass tubes or glass-covered trays (fig. 1), where

they were fed a mixture of equal parts of water and honey. A con-

venient method of feeding is to dampen a small piece of clean sponge

with the food and place it in the tube or tray containing the Apan-

teles. The sponge should be washed out every day or so and damp-

ened again with a fresh mixture of honey and water.

Parasite-free gipsy-moth larva? were obtained b}^ rearing them

from eggs, and a supply was kept in trays protected from parasites

ready for use at all times.

Two sizes of glass tubes were found convenient, a small one 4

inches by 1 inch for isolated individuals, and a larger size, 8 by 2

1.—Tray with glass top used in life-history experiments

with Apanteles melanoscelus. (After Culver.)
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inches, for confining several. As the Apanteles are usually active

and soon exhaust themselves if allowed to remain in the light, the

tubes or cages containing them were kept dark when not in use.

Records of oviposition were obtained in the following manner : A
glass tube containing a single female was brought into the light and
a parasite-free gipsy-moth larva was introduced on the point of a

small camel's-hair brush. As soon as the parasite oviposited in the

caterpillar, the larva was removed to a can for rearing. This pro-

cedure was continued as long as a female would oviposit readily.

As soon as she began to show a lack of interest in the gipsy-moth

larvse, she was returned to the dark to rest and a fresh female gi\en

an opportunity to oviposit.

After the first female had rested for an hour or two she was again

brought into the light and presented with gipsy-moth larvae as

before. This process was continued with several females throughout

their life.

The parasitized larvae were kept isolated in cylindrical cans,

which measured 2| by 2 inches, there fed, and kept for future study.

The structure and length of the various larval instars were determined

by daily dissections of these parasitized caterpillars.

LIFE HISTORY.

Apanteles melanosceJus hibernates as a third-stage maggot within

its tough sulphur-yellow cocoon. Under field conditions the adults

emerge from their cocoons over a period of about three weeks. Emer-
gence is at its height when the gipsy-moth egg hatching is at its

maximum, usually during the second week in May. The period of

emergence of adults from cocoons kept at the laboratory where all

of the cocoons are held under the same conditions is five or six daj^s.

The majority of the males emerge during the first four days; the

females, beginning to emerge on the second day, continue emerging

for four or five days, the bulk of emergence being on the third day

after the first appearance of either sex. The adult escapes through

a circular hole which it cuts at the anterior end of the cocoon.

Females of ^4. melanoscelus are ready for mating or for oviposi-

tion within two or three hours after issuing. They oviposit just as

freely whether they have been fertilized or not. and, as is the case

with many parasitic Hymenoptera, they often reproduce partheno-

genetically.

This species does not copulate readily when enclosed in glass vials

or small cages, but was often observed in coition in the large breeding

chamber (PL V, C). The male approaches the female in the usual

state of excitement with its antennae and wings constanth^ vibrating.

The act of copulation is a matter of a few seconds.
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OVIPOSITION.

The act of oviposition takes about one second. The female may
alight upon a gipsy-moth larva from flight or walk up to one. In

either case the ovipositor is inserted and withdrawn very quickly and
practically always an individual egg is deposited. Many larvae

have been dissected after apparent oviposition had been observed

and in no case has more than one egg been found from a single

oviposition and only rarely have dissections been made which failed

to show the presence of an egg. Often the larva attacked thrashes

about so violently that it and the parasite fall, but rarel}^ does the

parasite fail in its object. After ovipositing in a larva the female

usually proceeds to another victim, but occasionally will oviposit a

second time before leaving the caterpillar. She apparently does not

examine a prospective host but attacks it whether it has previously

been parasitized or not. This practice of occasionally placing an

egg in a parasitized caterpillar is unfortunate as only very excep-

tionally will more than one maggot develop within a single host.

The parasite favors the posterior half of the caterpillar for oviposi-

tion, but will oviposit in any segment of the body.

The females of ^i. melanoscelus which issue from hibernating

cocoons prefer to para^^itize the first and second stage gipsy-moth

larvae but will oviposit successfully in third-stage lan^se if they are

present. When the next or summer generation of adults appear,

most of the gipsy-moth larvae are in the third stage. This is the

stage most heavily attacked by this generation, although many

fourth-stage caterpillars are successfully parasitized. Apanteles

females of this generation often attempt oviposition in fifth and

sixth stage larvae but are not so successful, for they are hindered by

the long hairs of large larvae.

There was considerable variation in the number of ovipositions

different individuals would make. Betw^een 200 and 300 oviposi-

tions per female were often obtained in these experiments. The

greatest number of ovipositions secured by a single female of .4.

melanoscelus was 535. She actually had gipsy-moth larvae before

her for 510 minutes, making these ovipositions a little faster than

one a minute.^° The parasite was allowed several oviposition periods

each day and she would parasitize the gipsy-moth larva? as fast as

they were introduced for from 30 to 60 minutes. The first day the

periods of oviposition were a little longer than during the follow-

ing days. This female issued May 23 from its hibernating cocoon,

but was not given an opportunity to oviposit until May 27, when

^» This is about as fast as larvte can be introduced and withdrawn by the process used.

Under more natural conditions, as found in the large breeding chamber, the females were

often observed to oviposit 6 or 7 times a minute.
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the first gipsy-moth larva was introduced. She worked actively

every time she was allowed to do so each day to and including June 2.

On the morning of June 3 she was found dead in the tube. A dissec-

tion showed that her ovaries still contained about 150 mature eggs

and about 200 eggs in different stages of development.

From this and other records, together with notes made from dis-

sections of mature females of .1. melanoscelus^ it seems safe to as-

sume that under natural conditions each female is capable of de-

positing in the vicinity of 1,000 eggs.

EOG.

The Qgg at time of deposition aA'erages 0.55 mm. in length and 0.1

mm. in width. It (PI. I, B) is deposited singly in the body cavity

just beneath the skin of the host. It is transparent, with the cephalic

end rounded, the caudal end, which is slightly narrowed, bearing a

short stock. The chorion appears to be entirel}^ without ornamenta-

tion. Development within the egg is rapid and the embryo begins

to show form after 15 to 20 hours (PI. I, C). By this time the Qgg
has widened a little and is slightly shorter than when first deposited.

Many eggs have hatched 48 hours after deposition. Just before

hatching, the fully developed embryo is plainly seen, often in the po-

sition illustrated in Plate I, D. At this time the egg measures 0.7

mm. in length and is greatly swollen around the area which incloses

the head. On one occasion an egg, which was ready to hatch, burst

while under observation and the larva floated out as illustrated in

Plate I, E, after which the eggshell shriveled up considerably.

The length of the egg stage is from 48 to 72 hours, depending on

the temperature. If the weather is warm, the majority of the eggs

hatch in about two days.

Lajrva.

FIRST-STAGE LARVA.

The following measurements are the average for newly-hatched

larva^ : Total length, 0.7 mm. ; width of head, 0.2 mm. ; width of body,

0.1 mm.; length of caudal horn, 0.1 mm.
The freshly-hatched larva (PI. I, F) is found free in the body

cavity. Directly after hatching it may be found in almost any part

of the cavity, dei^ending on the point of deposition of the egg. After

a few hours it works its way to the dorsal part of the posterior third

of the host and usually remains in that area until about ready to issue

as a third-stage maggot.

The larva is transparent and extremely delicate, with a large head
which is twice the width of the bod)^ The head is composed of a

single segment. The labium, labrum, and maxillse are present. The
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sickle-shaped mandibles (PI. I, J), which are well fitted for tearing,

are plainly seen, being in motion much of the time, as the maggot
feeds on the lymph and fat bodies of its host. They are 0.08 mm.
long, are chitinized throughout, but more heavily so at the tips, and
form a good character for distinguishing this stage from the follow-

ing ones. The body is made up of ten segments at this period, but

later has eleven after the tenth segment divides. On the dorsum the

maggot has a systematic arrangement of short, rather stiff, back-

ward pointing spines. The spines are located as follows: Two each

on the second and third segments, four on the fourth segment, six

each on the fifth to ninth segments inclusive, and eight on the tenth

segment. It seems likelj^ that these spines assist the maggot in

working itsiwa}' to the caudal end of the host.

The anal vesicle, which is common to the microgasterine larvse.

is prominent and the caudal horn is seen just beneath the evaginated

anal vesicle.

As the larva matures, the heart, nervous system, and silk glands

can be distinguished, but no evidence of the tracheal system is ap-

parent.

When ready to molt the larva has increased in length to nearly

2 mm. and the body has widened in proportion, except the head,

which remains about the same width throughout the stage.

The larva remains in this stage from two to three days in thfe

spring generation and from six to eight days in the summer genera-

tion.

SECOND-STAGE LARVA.

In molting the head skin of the first-stage maggot is split off and

is occasionally found in the body cavity of the host, closely associated

with the cephalic region of the second-stage larva. The remainder

of the molt skin is worked back to the last body segment (PI. I, G
atM).
The second-stage maggot is usually found dorsally in the caudal

end of the host in the body cavitj^, its head toward the posterior end

of the caterpillar and its body resting longitudinally. When first

molted it measures about 2.75 mm. in length and 0,55 mm. in width,

the head and body being approximately the same width.

In contrast to the first-stage maggot the body is entirely destitute

of spines and the mouthparts are poorly developed. The mandibles

(PI. I, K) are not fitted for tearing or biting, but are soft, fleshy

forms without chitin and are very difficult to locate.

The anal vesicle is still present and is more prominent than in the

previous stage (PI. I, G at A). The caudal horn is present but has

not grown with the developing maggot and appears very small in

comparison with the size of the larva (PI. I, G at P).
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APANTELES MELANOSCELUS.

'*4'f*h'onifT,f®^A' ''¥' ^'^f'^/«''i from female: C, egg, after 15 to 20 hours m host; D, egg, after

tLr mfr.nl;f^n?f*V^^^!^'^"''''^?
larva and shriveled eggshell from which it came 50 hours

aZ^\T^MrhVf'f^^^^''^'''^-A^'^'''''''}^^^^ »". molted skin, ;,. caudal horn,a, anal vesicle, //^, third-stage larva, dissected from host: a, anal vesicle- / third-'^ta"e larva

mandlh e- ^/X-H^'f""'f^
^'?"^

''"".Tr' J'^^r''''^^^ ^^'"'^^ mandible V,second-s til arvaimandible. Z, third-stage larval mandible. All much enlarged.
eai.ii
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APANTELES MELANOSCELUS.
-•1, Hibernalins cocoons on board found in Melrose, Mass., 1917; B, first-generation cocoons on

iaranch collected at Quincy, Mass., 1920; C, first-generation cocoons on branch collected at Mel-

rose, Mass., 1916; D, first-generation cocoons on branch collected at Quincy, Alass., _19-U, -ft,

third-stage maggot two-thirds of its way out of fourth-stage gipsy-moth larva; 1<
,
third-stago

maggot dissected from host, anal vesicle still evaginated.
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APANTELES MELANOSCELUS.
-1, Hibeniating cocoons on underside of vessel collected at Wevmouth, Mass., 1920; B, hiber-
nating cocoons on underside of bark collected at West Boylstbn, Mass., 1920; C, hibernating
cocoons on underside of branch collected at Hingham, Mass., 1920; Z>, hibernating cocoons
on stump collected at Melrose, Mass., 1916.
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The heart, nervous system, and silk *rhinds are more pronounced,

especially the latter, which are coiled and recoiled and appear to fill

much of the body cavity. Traces of the tracheal system are observed

durino; the last part of the sta*re.

Development is rapid and in two or three days the ma^rj^ot has

increased in size to 4.5 mm. lon«; and 1 mm. wide.

The average period spent in this stage by the first-generation larva

is from two to three days and for the second generation from five to

seven days. Just before molting the mandibles of the third-stage

maggot can be seen.

THIRD-STAGE LARVA.

The period spent by the third-stage maggot (PI. I, H) within its

host varies from a few hours to two days with the spring generation

and as long as three days with the summer generation. When a

second-stage maggot is about ready to molt it usually works its way to

the central part of its host and molts there, although occasionally

third-stage larvae are found in the caudal end of the caterpillar. Just

before issuing the maggot is 5 to 7 mm. long, is slender, and tapers

toward the anterior end ; it is dull white and dorsally is sparsely cov-

ered with very fine, inconspicuous hairs. At the caudal end of the

body the anal vesicle is still evaginated (PI. I, H at A; PL II, F).

The body is apparently filled with the silk glands and has a well-

developed tracheal system, with eight pairs of spiracles visible. There

is a pair on the second segment and a pair on each of segments 4 to

10, inclusive. The spiracles are A^ery tiny and difficult to cletermine,

the last seven pairs being associated with laterally protruding areas.

On the eleventh segment there is a slight protruding area laterally

which may contain a spiracle, but one was not observed on this seg-

ment. The mouthparts are plainly visible, consisting of labium,

labial palpi, labrum, maxillae, maxillary palpi, and mandibles. The
mandibles (PL I, L), which are 0.26 mm. long, are strong and well

fitted for tearing. They are slightly curved anteriorly. The tip is

divided into two sharp teeth. The anterior third of the mandible

appears to be double with two biting edges, each edge armed with

several teeth. There are dorsally on this part of the mandible two
elevations which appear to strengthen the organ. The tips and points

of the teeth are more heavily chitinized than the rest of the mandible.

When ready to issue the maggot tears a hole in the side of the

caterpillar, usually in the fifth or sixth segment. When it has issued

to about two-thirds its length it begins to form its cocoon (PL II, E).
By the time the larva is entirely out, the anal vesicle has been in-

vaginated. If the larva is of the spring generation, it voids the

accumulated waste material of the larval stages after 18 to 20

hours in the cocoon. In about two days after completion of the

73070°—22 2
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cocoon the maggot pupates and casts its larval skin, which is pushed

back to the posterior end of the cocoon over the previously voided

material.

The third-stage maggot (PI. I, I) of the summer generation has

quite a different cycle. After having completed its cocoon, in which

it is to hibernate, it becomes shorter and stouter, measuring about

4 mm. in length. It is a pale lemon yellow, and remains quiescent

until the following spring. About the time when the first gipsy

moth eggs hatch, the maggot resumes activity, first voiding the ac-

cumulated waste in the caudal end of the cocoon. Two or three days

later pupation takes place, and the larval skin is cast and pushed to

the caudal end of the cocoon, as in the spring generation.

Pupa.

The pupal stage last's from five to nine days. About two days after

the completion of the cocoon the larval skin is cast. The pupa is

whitish with long appendages and has a movable abdomen. The

eyes soon begin to darken, the ocelli are distinguishable, and the

thoracic and abdominal segments take form. The mouth parts, an-

tennae, legs, and recurved ovipositor are plainly seen. In three or

more days the development is complete. The whole is now dark,

nearly black. The pupal skin is cast and the adult lifts the cocoon

cap, having cut around its base, which was left weak by the spinning

larva.
Cocoon.

When the third-stage maggot is about two-thirds of its way out

of the host, it begins to construct its cocoon. The first few threads

seem to be attached ventrally to the maggot itself on the last seg-

ment which is outside of the caterpillar. After making an attach-

ment at this point the maggot straightens out horizontally, then

swings back underneath itself again and makes another attachment.

It continues this process laterally and dorsally, spinning all the

while and forming loops which it gradually fastens securely in a

similar manner. As the outer loose cocoon is developed, the maggot

must break away from the original attachments and gradually work

itself entirely free from its host. The maggot reverses its position

several times during the construction of the cocoon. When com-

pleted, the cocoon is about onim. long and is composed of an outer

loose covering of fine threads, some of which are attached to the

host or any object on which it may rest. Just within this is a tough,

tightly woven envelope, which encases a very fine -mooth inner sac

next to the maggot. The cocoon is slightly flatten^'' on its ventral

surface and convex laterally and dorsally. The L.aterior end is

rather flat. The cap, which is thinner along its base, is at the ante-

rior end. The posterior end is slightly pointed. It t-is.es the spring-
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generation maggot about two hours to form its cocoon and the sum-

mer maggot three to four hours to complete the cocoon in which it

is to hibernate.

The cocoon made by the spring-generation maggot is pale yellow-

ish white, a little smaller and rather delicate as compared with the

hibernating cocoon, which is a light sulphur yellow and very tough.

LOCATION OF COCOONS.

The cocoons of the spring generation are found singly or in

clusters, depending upon the degree of gipsy moth infestation and
the abundance of Apanteles. In low growth the cocoons are very apt

to be found on the foliage and often on the debris on the ground,

as well as along the trunk and small branches. On large trees a few

cocoons are found on the foliage, but if abundant the majority are

located at the junction of the smaller brandies on the underside.

The cocoons are attached lightly, often on top of others and in-

variably a dead second-stage gipsy moth larva is found with each

cocoon (PI. II, B, C, D). After the adults have issued these cocoons

are easily washed or blown from the trees and are seldom found the

next spring.

The second-generation cocoons are found securely attached scat-

teringly over the tree trunk and in clusters under the larger limbs

where the gipsy-moth larvae congregate. These cocoons are not

often found on the foliage.

The gipsy-moth larvae, when parasitized by the second generation

of Apanteles melanoscelits, have a tendency to crawl to protected

and out-of-the-way places just before the issuance of the parasite

maggots. The cocoons are often associated with the gipsy-moth
pupse and larger caterpillars. They are found behind billboards

and signs, attached to trees (PL III, D), on the undersides of

boards on the ground (PI. II, A), under fence rails or rocks, under
loose bark, and on rough surfaces on the underside of limbs (PI.

Ill, B, C). Plate III, A, shows a tin vessel found during the sum-
mer of 1920 in a dump at Weymouth. Mass., and illustrates the

habit of parasitized larvae of crawling to hidden places. There are

a few over 100 cocoons on the bottom of this vessel, and there is a

cluster of 25 cocoons on one side of the vessel not shown in the

photograph.
SEASONAL HISTORY.

The seasonal history varies considerably with the season. The is-

suance of adults of Apanteles melanoscelus from their hibernating

cocoons begins about the time of maximum hatch of the gipsy-moth

eggs, which is usually near the middle of the second week in May.
During such a season most of the Apanteles will have issued by May
20. Under field conditions females of Apanteles melanoscelus do not



12 BULLETIN 1028, U. S. DEPARTMENT OF AGRICULTURE.

begin to oviposit immediately, for the bulk of issuance of the spring

generation parasite maggots is around June 12. The adults which

develop from these maggots will be found issuing from Y to 11 days

later. Cocoons of the second generation, or those in which the para-

site is to pass the winter, begin to appear about the fourth of July,

but usually not in abundance until the second week in July.

FEEDING OF PARASITIZED LARV^ VERSUS NONPARASITIZED LARV^.

Several feeding records were kept of gipsy-moth larvas which were

known to be parasite-free as checks against similar feeding records

of larvae in which A. melanoscelus had oviposited. The records show

that healthy gipsy-moth larvae eat from two to three times as much

as those which contain parasite maggots. These data were obtained

from feeding records made during the period between oviposition in

the caterpillar and issuance of the parasite maggot and the checks

were kept only for a similar number of days. The gipsy-moth larva

from which a maggot of A. melanoscelus has issued eats no more, al-

though it may live a few hours or as long as two weeks, the average

being seven days.
LONGEVITY EXPERIMENTS.

The tray shown in figure 1 (p. 4) was found most satisfactory for

the longevity experiments although glass tubes 8 by 2 inches were

used successfully for small numbers of parasites.

The adults were fed on an equal mixture of honey and water,

sprayed on small pieces of sponge. It is important that the sponges

should be kept clean by thoroughly washing every other day.

Nothing but the food was inclosed in the trays with the adults, but

in the tubes they did better if a crumpled bit of paper was present

on which the parasites might rest and clean themselves. A. melwnos-

celus in the tubes and trays, if kept in the light, lived for about one

week. When the containers were kept darkened by means of black

paper, the parasites remained rather inactive much of the time, and

lived considerably longer.

In several experiments with adults issuing in spring and summer,

males and females lived for 30 to 32 days. In one case a female of

the summer issuing generation lived 35 days. There was very little

difference in the length of life of the adults, the females living

slightly longer than the males. Without food they were able to live

only a few days.
HOSTS OF A. MELANOSCELUS.

Ratzeburg" gives as hosts in Europe Porthetna clisjmr L. and

S'tUpvotia salids L.

From field-collected material in this country .1. melanoscelus has

been reared only from the gipsy moth. S. salicis, the satin moth.

11 Ratzeburg, Julius Theodor Christian, op cit. 1852.
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recorded as a liost of this parasite in Europe, was not found in

America until the hitter part of June. 1920. when a heavy infestation

was discovered at Medford, Mass. When the infestation was found

the larvae were from half to full o;rown and rather too larjjfe to be

expected to harbor A. melanoscelus maggots. Collections of larvae

wi>re made immediately, but no A. melanoscelus were reared. On
several occasions, however, cocoons of this species were found on tree

trunks closely associated with belated larvae of Stilpnotia scdicis^ and

there is very little doubt that these cocoons were spun by A. iivela-

noscelus maggots which had issued from the near-by small and

inactive larvae of S. salicis. It is known that with the gipsy moth
the larvae from which A. melanoscelus maggots issue do not die for

several days. They are rather inactive and often do not move far

from the place where they were when the parasite issued.

In August, 1920, an outbreak of Tlemevocamiia leucosfigma S. & A.

was located in a small area in Somerville. Mass. This is the first

time since A. melanoscelus has been established that larvae of the

white-marked tussock moth could be collected in eastern Massachu-

setts, except very sparingly. The season was too far advanced to

expect to rear A. melanoscelus from collected material, and none were

recovered from larvae brought to the laboratory. It was apparent,

however, from observations made at the infestation, that this parasite

had been responsible for the untimely death of very manj^ tussock-

moth larvae, for the cocoons of A. melanoscelus were abundant on

the sheathing of near-by houses where the tussock-moth larvae had
gathered in large numbers and were spinning their cocoons.

Several experiments were tried confining adults of A. melanoscelus

with various larvae. Reproduction was successful with Malacosoma

americana Fab., M. disstria Hiibn., Hemerocatnpa leucostigma S. &
A., Olene hasifiava Pack., and Euproctis chrysorrhoeal^. The female

attacked all but the last eagerly. Oviposition apparently took

place in Charidryas nycteis D. & H., Hemileuca rruda Dru., Pteronus

Hhesii Scop., and in a species of tortricid. All of these larvae died

and were dissected. Several maggots of A. melanoscelus were found
in the larvae of C. nycteis^ but no evidence of parasitism was found in

the other larvae.

Several larvae of Stilpnotia salicis were presented to females of

A. melanoscelus. No oviposition was recorded. This was late in the

season and the larA^ae had matured much beyond an attractive stage

for oviposition by this parasite.

Some six or seven species of smooth-skinned or hairless larvae have

been confined with females of ^4, melanoscelus but rarely have they

shown any attention to them. This parasite evidently will attack

quite a number of small hairy lepidopterous larvae when the oppor-

73070°—22 3
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timity presents itself, but shows very little interest in large hairy

caterpillars or in larvse which are destitute of hair or only sparsely

covered.

PART II.—INTRODUCTION AND ESTABLISHMENT.

EUROPEAN WORK.'

In January, 1911, Mr. W. F. Fiske, who was at that time in charge

of the parasite w^ork under the direction of Dr. L. O. Howard, Chief

of Bureau, sailed for Italy to investigate the parasite situation. The
main object at that time was to make a study of conditions there and

to attempt to introduce on a large scale Chalcis iiaviijes Panz., a

pupal parasite of the gipsy moth. Headquarters were located at

Naples and a vacant building was rented §/ jdtted up for use as a

laboratory near the School of Agriculture at Portici.

Early in February, 1911, Mr. Fiske visited several places in Sicily

to ascertain the field conditions and degrees of gipsy moth infesta-

tion preliminary to obtaining the Chalcis material. While there he

discovered that cocoons of a species of Apanteles were present in

" countless thousands." This came very much as a surprise, and he

determined to put most of his energies, even at the expense of pre-

vious plans, into an effort to send this parasite to America in as large

numbers as possible.

The localities, a forest at San Pietro, Caltagirone, and the forests

back of Barccllona, in Sicily, were situated where the gipsy-moth

larvae and cocoons were sufficiently abundant to warrant the collec-

tion of either in large numbers. Both places were some distance from

a railroad, and the location which gave more promise was the less

accessible of the two. As soon as the gipsy-moth larvae had hatched

and were of sufficient size to have been parasitized, collections of

larvse were begun. A foreman and crew^ were located at each place,

and the collections of larvse were started. The first larval collection

arrived from Caltagirone at Portici on May 14, and a few cocoons were

present at that time. When the collections arrived at Portici they

were placed in trays in the house which was rented for that purpose.

About a dozen Italian girls took care of the trays—^that is, fed the

caterpillars, removed the parasite cocoons daily, and kept the trays

clean. These girls were very adept at this work, being familiar with

the care of silkworms and having assisted in handling alfalfa weevil

parasite material for shipment to America.

As soon as the cocoons were removed from the trays they were

placed in cold storage to prevent the further develop ment of the

parasites.

'- The part of this rei-ort pertaining to European work is based on the correspondence of

Mr. W. F. Fiske whil.- in Europe.
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The tray work was supplemented by collections of the cocoons in

the field and these had to be iced to prevent as much as possible any

issuance of secondary parasites, as well as to retard the development

of the maggots of Apanteles melanoscelus. When the cocoons arrived

at Portici they were usually picked over and repacked, although it

was not possible to do this in all cases.

The shipments depended largely on the supply of parasite material

on hand and the dates of departure of vessels to America ; but the

policy followed was to ship as often as possible.

Several types of containers were used for transporting the cocoons,

all of which came in the vessels' cold storage and all proved quite

satisfactory. One type of refrigerator was so made that the small

packages of cocoons o ' panteles in the inner chamber were entirely

surrounded by ice. This refrigerator was a double-walled affair and

rather expensive to construct. It was inclosed in a box of sawdust.

Another type was a sort of ice-cream freezer arrangement consisting

of two metal water-tight cylinders, one within the other, with the

cocoons in containers packed in sawdust within the inner cylinder.

Ice was packed between the two cylinders and the whole w as packed

in sawdust in a large wooden box. At the bottom of the outer cylin-

der was a small pipe which went through the box and allowed the

water to drain off. On some occasions the containers were repacked

with ice in New York before being forwarded to Melrose. A few

shipments of cocoons which were merely packed in boxes, and kept

in cold storage for as much of the trip as possible, came through in

good condition.

COMPARISON OF SEASONAL HISTORY IN SICILY AND NEW ENGLAND.

The spring of 1911 was cold, rainy, and rather backward in Sicily.

By May 15, however, parasite maggots had begun to issue from the

gipsy-moth larvae. The earliest record for issuance of maggot's for

New England is May 22. It is likely that during many seasons in

Sicily maggots issue by May 7, whereas the New England record re-

ferred to is an early one, issuance of maggots usually beginning the

last of May. This would make the season in Sicily about three weeks

earlier than at Melrose Highlands, Mass. The second-generation

cocoons were being collected in Sicily by June 10, 1911, but June 23

is the earliest record of the presence of this generation in New Eng-

land.

ABUNDANCE OF A. MELANOSCELUS IN SICILY.

Tlie parasite cocoons were very abundant in places as indicated in

notes and correspondence received from Mr. Fiske.

Apanteles killed more caterpillars than all of the other parasites put together.

Cocoons average 1.000 to a tree, not counting the smaller trees.
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Notes made at another place state

:

Apanteles exceedingly conimon. Estimate 75 per cent control on avera.se and

liiglier in some places. Estimate 10,000 cocoons on one large tree.

To illustrate the abundance of cocoons, those present on an area

the size of a man's hand were counted and the number found was

187. Mr. Fiske states that there were more over a similar area high

up on the tree. The same day he visited another place and found

conditions similar.

SECONDARY PARASITISM IN SICILY.

Apparently the first-generation cocoons are not attacked seriously

by secondaries, probably less than 10 per cent being killed. Second-

ary parasitism of the hibernating cocoons is very heavy, and one note

Avas found referring to a location where it was feared that it would

almost exterminate the parasite. Sometimes as high as 75 per cent

of the cocoons from Sicily received at the laboratory and wintered

were killed by secondaries.

COLONIZATION IN NEW ENGLAND.

During the rush of the season's work it was supposed that two or

three species of Apanteles were represented and the importation and

colonizations were recorded in correspondence and in the notes as

A. soUtarms and Apanteles II and III. The confusion was not at

all surprising for there were two and possibly three species repre-

sented, but the fact of the matter, as it appears at the present time,

is that the adults liberated during June, 1911, at North Saugus, Mass.,

from cocoons imported from Sicily as A. solitariics, were adults of

the first generation of A. melanoscelus ; and that the cocoons received

later in the summers of 1911 and 1912. which were hibernated at the

laboratory, and the adults from which were liberated at Melrose

during the springs of 1912 and 1913, were cocoons of the second

generation of A. mel-anoscelus.

During June, 1911, about 125,000 cocoons of the first generation

were received from Europe, and every precaution was taken to pre-

vent the escape of any secondaries which might be present. As sooji

as they were received at the laboratory they were taken to North

Saugus, Mass., and immediately placed in darkened containers from

which nothing could escape except by entering glass tubes, where

they were inspected, the good allowed to escape and the bad de-

stroyed. In this manner 23,000 adults were liberated during June

and July, 1911. During the months of July and August, 1911,

nearly 17,000 hiberating cocoons were received. These were iso-

lated at the Melrose Highlands laboratory, each one being placed in

a small gelatin capsule and then wintered under outdoor conditions.
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During the spring of 1912 the adults whicli issuetl from these cocoons

were liberated near the laboratory.

Early in 1912 Mr. Fiske again Avent to Italy, this time Avith several

assistants. As one of the results of this trip, 22,000 cocoons of the

second generation of ^1. inelanoficelus were received during the

summer of 1912. These cocoons were collected in the forest of San

Pietro, near Caltagirone, Sicily, during the week beginning June 15.

They were shipped to Naples in cold storage on June 22 and held

there in cold storage until all had been isolated in gelatin capsules.

Early in July they were sent to America in cold storage and hiber-

nated at the laboratory. The adults which issued in the spring of

1913 were liberated at Melrose.

Table 1 shows the number of individuals of A. melanoscelus that

have been liberated in New England. The colonizations of 1911,

1912, and 1913 were adults which issued from cocoons received from

Sicily : the rest of the colonization material was obtained by rearing

and breeding New England material.

Table 1.

—

Nmiiber of A. iiiehiiioscclu^ Ubcratcd in Net
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very dry and shriveled, and indicated that death might have been

due to lack of moisture within the capsules.

No colonies were liberated in 1914, as no importations were made
and the j)arasite had not been sufficiently well established to furnish

colonization material.

All Apanfeles melanoscelus liberated since 1913 have been put
out while in the cocoon and have been of the summer-issuing

generation. Most of these colonies have contained 500 cocoons. In

liberating a colony the cocoons are taken to the field and emptied
into a small cylindrical can, which is then nailed to a tree in an in-

conspicuous place. A cover is placed on the can to protect the

cocoons from rain and birds. The adults escape through three

|-inch holes punched in the can near the top. The size of the can is

not especially important, but a convenient can used at the laboratory

is 3 inches in height and 2 inches in diameter. It is necessary to place

a band of tree-banding material entirely around the can to prevent

ants from destroying the colony.

In selecting sites for colonies, woodland areas with a light to

medium gipsy-moth infestation are preferable. Heavily infested ter-

ritory which is apt to be stripped of its foliage should be avoided.

After the colony has been liberated a roadside tree is marked in

white paint with an arrow pointing to the colony and the letters A. M.
In the woodland near the exact spot of the colony a tree is banded
with white paint. These field marks are made so that the place can

be found later if desired. At the same time a numbered note is

written for the laboratory files which explains the condition at the

colony site and gives directions for finding the colony.

The colonies have been placed in groups of towns, one colony in

each town, as shown in the accompanying map (PI. IV). This

method of liberating colonies was used because the parasite disperses

rapidly and there was considerable chance that small colonies would
not become established if they were placed singly at widely separated

locations. In this way several rather large ai-eas, from which the

parasite can spread to the surrounding towns, have become well

stocked.

METHODS USED TO OBTAIN MATERIAL FOR COLONIZATION.

The story of the introduction of A. melanoscelus and the colonies

liberated from the imported material has been recorded earlier in

this paper. Two methods have been used to get material for coloniza-

tion since the establishment of the parasite in New England—first, by
rearing the parasite from field-collected gipsy-moth larvse, and, sec-

ond, by breeding the parasite at the laboratory.

The first method consists merely of making collections of large

numbers of second-stage gipsy-moth larvse from locations where the

parasite is present in sufficient numbers to warrant such collections.
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The.^e larvae are placed in trays and fed until the parasite mag<!;ots

issue. The maggots, upon issuing, spin their cocoons, usually attached

to the caterpillar or to the object on which the host was resting at

time of issuance. Each day the gipsy-moth larvae are fed, the trays

cleaned out, and all of the parasite cocoons removed. The cocoons

are put up in lots of 500 and kept in a refrigerator until they are

placed in the field. They are colonized as soon after removal from the

trays as possible, usually on the following day. Occasionally it has

been necessary to keep the cocoons in the ice chest five or six days,

and this has been done without any apparent injury to the parasite.

The second method of securing material for colonization may be

divided into two parts, namely, the fall work which consists of

gathering and caring for the hibernating cocoons, and the actual

breeding work which is carried on in the spring. There is a great

mortality of wintering A. melanoscelus, largely due to secondary

parasitism, and a large number of cocoons must be gathered in order

to have a few adults of Apanteles in the spring to start the breeding

work. The cocoons are collected as soon as possible after they have

been found, in an endeavor to get them before the secondaries or

ants do.

From 10,000 to 20.000 cocoons are collected during July from
places where the parasite is abundant. Some of the secondaries

present at this time hibernate within the cocoon, but there are many
which have one or more generations during the early fall.

For a number of years these cocoons were isolated in gelatin

capsules as soon as they arrived at the laboratory. This prevented the

issuing secondaries from doing any further damage, but it was

found that the spring issuance of A. melanoscelus from apparently

good cocoons was exceedin,gly small. This was due partly to sec-

ondaries which hibernate within the cocoons, partly to injury while

handling, and considerably to the drying of the maggots of A.

melanoscelus in the cocoons. The last two years the cocoons have not

been isolated, with the result that a better spring i, suance has been

obtained. Instead of isolating the cocoons they were separated into

lots of 100 each and placed in glass tubes 1 by 4 inches, which were

plugged with cotton batting. These tubes ATcre then placed on a

l)ackground of white in a warm bright place where they could be

watched and the secondaries were removed as fast as they issued.

Most of the secondaries issuing in the summer leave the cocoons with-

in two weeks after collection, although a few continue to issue for

two weeks longer. After the secondaries have stopped issuing the

cocoons are picked over and the empty ones and those showing ex-

ternal injury are discarded. Many of the cocoons which contain

hiliernating secondaries at this time can be distinguished by a slight

discolored spot on the cocoon ; such cocoons also are destroyed. The
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remaining cocoons are placed in bulk in a fine copper-wire cage which
is nailed in a protected place in the yard until spring.

The spring work begins during the last of April when the cocoons

are removed from their hibernating cage and isolated for a short

period in capsules. They are isolated at this time for convenience in

handling the adults of Apanteles and destroying the wintering second-

aries which issue. The cocoons are isolated in the capsules less than
two weeks before -1. melanoscelus begins issuing, and this short period

of confinement does not have a detrimental effect. As the adults

emerge they are removed hourly from the capsules and placed in

glass tubes 8 by 2 inches. Tlie sexes are kept separate. A sponge

dampened with a mixture of equal parts of honey and water is placed

in each tube. The tubes are then placed in a cool, dark place until

ready for use.

Several different types of cages and trays have been tried as breed-

ing chambers Avith varying degrees of success. -1. melanoscelus^ like

most hymenopterous parasites, is extremely heliotropic and indi-

viduals are found resting on the sides or top of the container or ex-

hausting themselves flying about the source of light. During the past

summer a breeding chamber was devised which eliminated the unsat-

isfactory light conditions of previous cages (PL V, A, B, C). This

type of breeding chamber should prove of value in breeding work
with other parasites.

The empty chamber is shown in Plate V, A, resting on one side. It

is merely a wooden case with a glass bottom and top, with an opening

left in one end, through which the tray containing the larvae to be

parasitized is admitted. The opening is just wide enough to allow the

introduction of the tray and is about 2 inches deeper than the tray.

Cleats on wdiich the tray is to rest are arranged inside the chamber

about 2 inches from the bottom. The tray should fit closely to the

sides and ends of the chamber, but not tightly enough to bind when
being introduced or removed. After the tray has beqji put in place

the opening in the end of the cage is closed with a tightly fitting board

(PI. V,AatX).
Wlien the chamber is to be stocked with the parasites it is

placed on a flat surface which has previously been covered with,

black paper (PL V, B). A piece of black paper is laid over

the top, covering all but 6 or 7 inches of the glass at the end

of the chamber facing the sun (PL V, B at L). The parasites

are liberated in the cage and fly to the uncovered part of the cham-

ber where they gather on the glass top. The tray containing the

small caterpillars is slid into place and is shown, part way in, in

Plate V, B at T. The open end of the chamber is now closed and

the whole thing is removed to two wooden horses, as shown in Plate

V, C. A piece of black paper is now placed over the entire top.
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I . Breeding chamber resting on its side: i. Board to close open end; li. Chamber ready i o si ock with
parasites and giDsy-moth larvae. Tray containing gipsy-moth larvae shown at t, part way in;

the light is admitted at I. C, chamber resting on horses, with light entering from bottom only.
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With this arrangement all of the light entering the chamber conies

from beneath, through the glass bottom of the chamber and through

the cloth-covered bottom of the tray. Five minutes after the cham-

ber is in this position practically all of the Apanteles have left the

top of the chamber and are found dispersed over the bottom of the

tray, where the gipsy-moth larvae are feeding and crawling. The
parasites begin ovipositing in the caterpilla-rs immediately after

they have been attracted to the bottom of the tray.

When the caterpillars have been exposed to Apanteles melcmo-

sceluH for a sufficient period the operations are reversed; the cham-

ber is placed on a black-covered surface with the end of the cham-

ber opposite the end where the tray is to be removed, facing the sun.

Light is now admitted by removing the black paper over a space of

6 or 7 inches, as shown in Plate V, B at L. In a few minutes most

of the parasites will congregate in the top of the chamber at the

light end. Thei opposite end of the chamber can now be opened

without danger of any of the parasites escaping. The tray is with-

drawn slowly, care being taken that all of the Apanteles have left

it. If any still remain, they will fly to the light end of the chamber

when disturbed by touching them with a small camel's-hair brush.

As soon as the tray has been removed another one is introduced and

the process is repeated as long as the supply of Apanteles melanoscelus

lasts. The larvae parasitized in this manner are fed in the trays until

the parasite maggots issue. The resulting cocoons are removed each

day for colonization.

A breeding chamber stocked with 300 adults of Apanteles melan-

oscelus^ with the sexes equally divided, can be used about one week.

Each tray should contain about 10,000 first-stage gipsy-moth larvae.

The period of exposure of the larvae to the parasites varies with the

temperature and time of day. The parasites are most active during

the middle of the day. The larvae were enclosed in the chamber about

two hours during this part of the day. Earlier in the morning and

later in the afternoon the larvae were exposed for about three hours.

An average of about 1,000 parasite cocoons were removed from each

tray. Undoubtedly many more than a thousand larvae were para-

sitized in each tray, but there is always a certain amount of unavoid-

able mortality of first-stage larvae in feeding trays. Many of the

larvae are weak and do not get to the food and many are injured when

the trays are cleaned and the larvae fed.

SUCCESS OF COLONIES AND DISTRIBUTION OF A. MELANOSCELUS.

Records of the success or establishment of colonies liberated and

of the distribution of the parasite are obtained by collecting host

material from the field and rearing the parasite from these larvae at

the laboratory, or by collecting the cocoons of the parasite in the

field.
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Often the parasite is recovered the year following colonization.

A. melanoscelus has been recovered from all but one of the colonies

liberated previous to 1918. It has been recovered from half of the

colonies put out in 1918 and from both of the colonies liberated in

1919. Eecoveries of the parasite were made late in the summer of

1920 in a few of the towms which were colonized during June of that

year.
DISPERSION.

The inner black line on the map (PL IV) shows the present known
distribution of the parasite in New England, it having been recovered

from practically every town within this line. It is probable that in

some cases A. melanoscelus has spread beyond the line indicated, for

many of the towns just outside of the dispersion line have not been

scouted.

It is rather diificult to determine the exact distance the parasite

will spread in a year, for when the parasite is scarce its recovery is

largely a matter of chance. The number of host larvae which it is

practical to collect in an endeavor to rear the parasite for disper-

sion records is infinitesimal when compared with the larvae present

in a town. Scouting for the cocoons is more satisfactory, but this

is not infallible, and the fact that a town may have been scouted and

no cocoons found does not prove that the parasite is not present.

The recovery records show that the greatest spread of this species

has been to the north and northeast, similar to the dispersion of the

gipsy and brown-tail moths. The data obtained indicate a spread

of about 25 miles a year in this direction. During the summer of

1918 there were two recoveries made which because of their loca-

tions are of special interest. One of these recoveries was made at

Provincetown, which is 25 miles northeast of Harwich, where the

nearest colony of A. melanoscelus was liberated in 1915. The other

recovery was made on the island of Nantucket, which is 25 miles

south of the Harwich colony. In 1915 a colony of -4. melanoscelus

was liberated in Middleboro, about 33 miles southwest of Prov-

incetown. The colonies at Harwich and Middleboro were the only

ones that had been liberated in that part of the State, These recov-

ery records can not be taken as absolute proof of a flight of 25 miles

for the insect, as it is possible that cocoons of the parasite were taken

to Provincetown and Nantucket on cordwood or other material. This

does not seem likely, however, for the parasite was not recovered from

any of the other towns in southeastern Massachusetts until 1919. The

number of cocoons taken at Provincetown and Nantucket in 1918

indicated that the parasite had been present in both places for 1 year

at least.



APANTELES MELANOSCELUS GIPSY-MOTH PARASITE. 23

SECONDARY PARASITISM.

Cocoons of the first o:eneration are not seriously attacked by sec-

ondary insects. Small collections of cocoons of this generation are

made each year over a considerable area and rarely are they para-

sitized over 10 per cent ; more often not more than 2 or 3 per cent are

killed by secondaries.

Unfortunately it is a different story with the hibernating brood,

for approximately 75 per cent are killed annually by native secondary

insects and ants. This seriously handicaps the increase of A. melcin-

oscelus. Among the insects which have been reared from the hibernat-

ing cocoons are at least three Ichneumonidae, and members of the

Pteromalidae, Elasmidae, Eurytomidae, Entedontidae, and Eupel-

midae. In this complex there are secondary, tertiary, and possibly

quaternary and quinquenary insects. An investigation of the life

histories and host relationships of these insects has received consid-

erable attention at the laboratory, but has not been completed. Some
of these insects have several generations during the early fall and

then hibernate within the cocoons of A. Tnelanoscelufi.

THE VALUE OF A. MELANOSCELUS AS A GIPSY MOTH PARASITE.

The problem of obtaining the actual percentage of parasitism of

the gipsy moth by A. melcmoscelus or by any of the other introduced

parasites, except the ^^^ parasites, is a difficult and complicated mat-

ter involving many factors. Records at the Gipsy Moth Lalioratory

show that larvse picked promiscuously from tree trunks and foliage

to-day may give 30 per cent parasitism, while to-morrow the same

number of larvse, collected by the same individual, in the same man-

ner, and in the same locality, may not even show the presence of the

parasite.

For a number of years collections of gipsy-moth larvse have been

made daily through the entire larval period at ISIelrose and Stone-

ham, in an attempt to learn the true status of the parasites in that

section. Each collection contained 100 larvse all of the same stage.

The collections of each stage were continued as long as that particular

stage could be found, and collections of the next stage were started

as soon as 100 larvse of the next stage could be found. As there is

quite an overlapping of stages, there were very often two collections

on the same date at the same place. All of the collections were kept

separate and the larvse were fed in trays until all of the parasites

had issued. The trays were examined each day and any parasites

which issued were removed and recorded. Individual collections, con-

taining 100 caterpillars each, gave from nothing to as high as 40

per cent parasitism of second-stage gipsy-moth larvse for the spring



24 BULLETIN 1028, IT, S. DEPARTMENT OF AGRICULTURE.

generation of the parasite. The records of parasitism secured from
fourth-stage caterpillars which represent the second or summer gen-

eration of A. melanoscelvs were about the same.

The second and fourth stages of the gipsy-moth larvse usually

showed the highest percentage of parasitism, but a considerable num-
ber of the individuals of the other stages were killed by the parasite.

Occasionally' collections were made which gave as high as 15 per cent

parasitism, for each of the other larval stages. In large collections

of larvae where all the caterpillars in sight were collected, the parasit-

ism obtained averaged around 10 per cent for each generation. The
collections from which these figures were secured contained from

5,000 to 20,000 larvae.

The figures obtained from the foregoing collections should not be

taken as representing the value of the parasite.

There are a great many parasitized gipsy-moth larvse which die

in the field before the parasite maggot has had time to develop. The
parasitized larva? do not eat so much as nonparasitized larvae and are

inclined to crawl to out-of-the-way places and often are not seen

by the collector. On the other hand, if one should search for the

hidden larvae the collection would not be representative of conditions

as they truly exist.

There is each year a high 2Dercentage of mortality of the gipsy

moth, which occurs whether insect parasites are present or not. This

mortality varies from year to year depending upon the conditions

which influence the contributing factors, but the average percentage

of mortality (barring insect parasites) for any period of years is the

same as for any other similar period of years, if the periods include

a sufficient number of years to make the average a fair one. This

average mortality is not sufficient to prevent the increase of the

gipsy moth, nor is the parasitism by A. iiielanosGelMS great enough

to prevent the increase of this pest. Although the exact percentage

of parasitism of the gipsy moth by this parasite can not be stated, it

is evident that it has a very important place as a part of the sequence

of parasites which in conjunction with the other natural agencies

retards the increase of this injurious insect.

ABUNDANCE OF A. MELANOSCELUS IN NEW ENGLAND.

ApcDtteles melanoscelus, like some of the other introduced parasites

of the gipsy moth, is found abundantly in rather small areas. Each

year since the parasite has been established these areas of abundance

have been found more often and over considerably more territory.

Until the summer of 1916 the parasite was not found in any appre-

ciable numbers excepting at local points in and around Melrose High-

lands. During the summer of that year a location at Beverly, Mass.,

was found where A. melanoscelus was very common. During the
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same summer some interesting data were obtained from a medium-

sized oak tree near the Gipsy Moth Laboratory at Melrose Highlands.

This tree had many gipsy-moth egg clusters on it which had not been

creosoted during the winter, so that on this particular tree there

was a much heavier infestation of gipsy-moth larva3 than on any of

the other trees in the vicinity. As the summer progressed, cocoons

of A. melanosceJus began to appear in surprisingly large numl)ers.

When most of the first-generation maggots had issued and spun their

cocoons, the underside of nearly every crotch on the tree was covered

with Apanteles cocoons (PI. II, C).

There were 5,140 first-generation cocoons collected from this tree.

A few cocoons could not be reached and some had blown away before

the collection was made. Later in the season 511 second-generation

cocoons were taken from the tree, making a total of 5,651 cocoons of

A. melanoscelus removed from this tree. Although heavily infested

the foliage on the tree was not damaged much by the feeding of the

gipsy moth larvae and very few gipsy-moth pupse were found on the

tree. These data are not given as a sample of the condition of the

trees in Melrose Highlands in 1916, but the figures are interesting

and show what happens under some conditions. Occasionally large

oak trees have been seen in other towns on which it was estimated

there were from 6,000 to 10,000 cocoons.

In 1918 this parasite was found in large numbers over an area of

several acres of woodland in Cohasset. In 1919 and 1920 it was

found abundantly in small areas in Hampton, N. H., and in the

following towns in Massachusetts: Beverly, Quincy, Weymouth,

Cohasset, Scituate, Marshfield, and West Boylston.

CONCLUSION.

Apanteles melanoscelus has been present in New England since

1911 and is now firmly established. It is spreading rapidly from

the colonies which have been liberated and is increasing in spite of

its being heavily parasitized by secondaries.

The fact that A. melanoscelus is able to complete its life cycle on

several native insects adds considerably to its value as an introduced

parasite and makes its permanent establishment more certain than

if the gipsy moth were its onh' host.

This parasite has two generations each year on the gipsy moth

and is very abundant in many small areas. It gives promise of

becoming one of the most valuable of the imported parasites.
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INTRODUCTION.

Numerous complaints from Washington cranberry growers, re-

ceived by the Bureau of Entomology and the State College of Wash-
ington, led the two institutions to make a cooperative investigation

of cranberry pests in the Pacific Northwest in 1918 and 1919. In

this joint undertaking the writer represented the Bureau of Ento-

^ Rliopobota iiaeiatm Hiibner; order Lepidoptera, family Olethn^utidae. Determined by
Carl Heinrich, of the Bureau of Entomology.

2 Appointed Collaboiator, Tropical and Subtropical Fruit Insect Investigations, July 1,

1920.
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mologfy and, successively, A. Spiiler, Miss Orilla Miner, and Miss

Flora A. Friese the State College of Washington.

IMPORTANCE OF THE, BLACKHEAD FIREWORM.

The blackhead fireworm proved to be the most important cran-

berry pest of western bogs, and at the time the ravages of this insect

were first observed by the writer it was causing an estimated loss of

approximately 40 per cent of the combined crops of Washington and
Oregon. In 1918 this loss was reduced to approximately 15 per cent

and in 1919 to approximately 5 per cent, principally as a result of a

better knowledge of the life history and habits of the insect and more
general adoption of effective methods of control.

This bulletin reports the results of an investigation of the life

history and habits of the blackhead fireworm in the States of Wash-
ington and Oregon which was conducted during the years 1918 and
1919 from laboratory headquarters at Seaview, Wash. During this

period various methods of control were studied and thoroughly tested

under actual bog conditions.

THE CRANBERRY INDUSTRY ON THE PACIFIC COAST.

The town of Seaview, Wash., is located practically in the center of

the cranberry-growing district on the Pacific coast. In the State of

Washington this district comprises most of the peninsula of Pacific

County, in the southwestern corner of the State, directly north of the

mouth of the Columbia River. Here the industry was started on a

commercial scale in the early eighties by a French gardener named
Chebot, who set out about 35 acres to the McFarlin, Xative Jersey,

Early Black, and Cape Cod Beauty varieties. Cuttings of most of

these varieties were brought in from Wisconsin, Xew Jersey, and

Massachusetts bogs. Some cuttings, especially of the McFarlin
variety, were doubtless brought in from Marshfield, Oreg., where

a Mr. McFarlin had started a bog 10 years previously with his own
selection of vines from the East, which bear his name. Extensive

planting, however, did not take place until 1912, from which time up
to 1915 large areas in southwestern Washington were drained,

cleared, and made available for cranberry culture.

Approximately 700 acres of cranberries are now in bearing in

southwestern Washington, with about 1,500 acres of peat land still

available for cranberry culture. In Oregon and the remainder of

Washington there is possibly a total of 1,500 additional acres of

cranberry land, about 300 acres of which in Oregon (in Clatsop and
Coos Counties) are now in bearing. Practically all the bogs of the

Pacific coast are sphagnum peat of various ages and thicknesses,
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found generally in swales between shore-sand ridges of .sliglit ele-

vation.
FEATURES OF BOG MANAGEMENT.

Although considerable water sometimes collects on the Pacific

coast bogs, especially during winter, as a result of the heavy rains

from September or October to April, flooding as a distinct part of

cranberry bog management is rarely practiced in that section of

the country. Few bogs on the Pacific coast have a good supply of

water suitable for flooding purposes, and the mild w^inter climate in

the principal cranberry-growing region seems to obviate the necessity

of protecting the vines from winter injury. Principally is this true

in southwestern Washington. As a consequence many terminal

buds, especially on the warmer bogs, start to unfold shortly after

the vines reach maturity in September and October and a certain

amount of growth usually takes place during the warmer periods

of the winter. It rarely happens, however, that any material damage
is done by frost.

Covering the bog with water, usually from about November 15 to

March 1, is practiced only to a limited extent in Oregon, but where
this procedure is followed good results are usually secured. In the

southern sections of the State it is almost necessary to cover the

bogs with water during this period in order to keep the terminal

buds from pushing forth during the warmer periods of the winter

and meeting probable damage from frost during the late winter and
spring.

The application of sand once every few years, as practiced on
many eastern cranberry bogs, is not practiced on the coast, but prob-

ably could be employed with benefit. Inasmuch as the majority of

the bogs are located between sand ridges, an abundant supply of good
sand is readily available should its use become desirable.

PHENOLOGY OF THE CRANBERRY ON THE PACIFIC COAST.

The growth of the cranberry vine on the Pacific coast bogs is

exceedingly variable, as will be borne out by the data presented in

Table 1. This is probably because these bogs are for the most part

managed as dry bogs. The relatively variable weather in that sec-

tion of the country is also doubtless reflected in the early growth,
blooming, and fruiting of the cranberry. It is for these reasons

chiefly that no exact dates can be given for the various stages in the

phenology of the cranberry in that region.
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An attempt has been made, however, after a long series of fre-

quent observations, to determine as closely as possible the approxi-

mate dates when these stages occur in their greatest abundance.

These dates are presented, therefore, in Table 1 for the earliest grow-

ing varieties, such as Early Black and McFarlin, and for the latest-

growing varieties, such as Howe. There seems to be considerable

variation in the growth of the varieties belonging to these two classes,

the height of each stage in the growth of the latest varieties gen-

erally coming a month after that of the earliest varieties.

Table 1.

—

Phenology of the eranherry on unfloned hogs on the Pacific coast,

based on observations at Seavieiv, Wash., 1918 and 1919.

Stage of development.

Approximate date
of occurrence of

the height of each
stage on—

The ear-
liest va-
rieties.

The la-

test va-
rieties.

Buds breaking and new growth beginning to push forth

New upright growth 4 inch to J inch long
Blossoms in " hook stage "

Vines in full bloom
Blossoms falling and berries setting

Apr. 6

Apr. 10
May 12

June 9
June 30

May 7

May U
Jime 14

Jime 30
July 30

Such local influencing conditions as depth of vines, depth of the

underlying peat, or protection from the strong northwest wind which

commonly blows during much of the early growing season will, of

course, cause wider local variations than those here given. The

limits of each phenological stage are even more variable than the

height, it being not uncommon, for instance, to find blossoms on some

vines as early as May 12 and on others, many not yet fully opened, by

July 15. An early spring, too, would have the effect of somewhat

advancing the dates given in this table and a late one would prob-

ably delay the early stages a little, but the later stages, such as bloom-

ing and setting of berries, would probably be delayed to a less extent.

INTRODUCTION OF THE BLACKHEAD FIREWORM INTO THE
NORTHWEST.

Although the blackhead hreworm is found on the wild cranberry ^

as far as 2 miles from any cultivated vines, the severest infestations

in AVashington and Oregon are on bogs planted originally with vines

from Wisconsin, New Jersey, and Massachusetts. A study of the

history of the cranberry industry on the Pacific coast and of the

"• Specimens growing wild in southwestern Washington were submitted to Dr. F. L.

Pickett, of the Washington Agricultural Experiment Station and were determined by

him as the common western cranberry, Oxycoccus (oxtjcoccns) intermediufi, with the

following note :
" This is a little coarser than the small cranberry of the Ea^t, and

bears slightly larger berries."
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origin of the cuttings used furnishes convincing evidence that hirge

numbers of the eggs of this pest were brought into this region on the

leaves of cuttings from Ijogs in these three States. These cuttings,

principally from Massachusetts bogs, were used extensively in plant-

ing a large number of bogs set out in Washington and Oregon between

1912 and 1915, which was about the time the blackhead fireworm

became a pest of considerable importance in the regions from which

these cuttings were imported.

After the newly planted bogs had made sufficient growth, it was
the practice to mow them and use the cuttings thus obtained to plant

other areas, as these cuttings could, of course, be obtained at less cost

and in better condition than those from the East. So, helped in this

way, the blackhead fireworm spread over practically the entire region.

Once established on a bog it was a matter of only a few seasons until

this pest had overrun nearly every part of it and caused considerable

damage almost before the owner was aware of its presence.

DISTRIBUTION.

The blackhead fireworm is found on nearly every cranberry bog
on the Pacific coast. It has long been a pest of the cranberry in New
Jersey, Massachusetts, and Wisconsin, where it now causes as much
damage as any other cranberry pest and often more. According to

Fernald,* it has also been found on the cranberry in New York and

California.
FOOD PLANTS.

Numerous small larvae resembling very closely in appearance those

of RJwpohota naevana were found feeding on some common bog
plants, such as "buck brush " ^ and "sweet gale."*' None of these

proved to be the blackhead fireworm ; and. so far as known on the

Pacific coast, RJiopohot<i naevana feeds only on the cranberry, both

native ^ and cultivated.®

DESTRUCTIVENESS.

The injury to the cranberry by the blackhead fireworm is caused

by the feeding of the larvae, or worms, on the buds, foliage, blos-

soms, and fruit throughout the growing season. It is very charac-

teristic and quite unmistakable; there is no other pest of the cran-

berry on the Pacific coast the work of which is similar in all respects

* Fcrnald. C. H. A Synonymlcal Catalogue of the Described Tortrjcidae of North
America North of Mexico. In Trans. Amer. Ent. Soc, v. 10, p. 48. 1882.

° Specimens of this plant were identified as Spiraea douglasii by Dr. F. L. I'ickett, of

the Washington Agricultural Experiment Station.
^ Also identified by Dr. Pickett as Myrica gale. "It belongs to the bayberry group."
"^ Oxiicoccus (oxycoccus) intermedins, the common Avestern cranberry.
® Oxyaoccus macrocarpus, the common cultivated cranberry.
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to that of the blackhead fireworm, nor has the cranberry there any

other pest which annually destroys so much as this one.

The young larvse start to feed on the newly growing tips shortly

after they hatch, in the months of April and May, and continue

their work throughout the growing season, attacking in greater or

less severit}^ the buds, blossoms, and later the berries, injuring

the berries by boring into them and causing them to shrivel and

dry and often to fall from the vines. The most noticeable feature

of the attack of the fireworm during the middle or latter part of

the summer is the burnt appearance of the vines which results from

the work of this insect, suggesting the name fireworm. Since the

terminals are most affected, few if any fruit buds are set when the

vines are badly infested, and as a i-esult nearly all the crops of the

current season and of the following year are destroyed by the

feeding of the larvse during a single season. The vines, while never

completely killed, are very much stunted and by the end of the

summer are left stripped of the majority of the leaves. They are

often brittle, and in the case of long-standing infestation are short

and scrubby with numerous short and crooked branches as a result

of being prevented from making a natural terminal growth. From
this condition they do not usually' return to their normal produc-

tiveness until good control work has been in force for several years.

NUMBER OF GENERATIONS.

By rearing the insect from the winter egg stage in an outdoor

shelter it was found that it passes through two generations and

sometimes a partial third. For example, the hatching of the winter

eggs starts the first generation, and the resulting larvae which change

into pupee and moths also belong to the first generation.

The eggs that these moths lay start the second generation. Con-

trary to tlie behavior of this pest in the East, only about four-fifths

of these eggs hatched to form a second generation the same season in

Avhicli they were deposited. The remaining one-fifth did not hatch

until the following spring.

All the eggs deposited by the moths resulting from the second set

of individuals are known as the eggs of the third generation. So

far as is know^n, in eastern cranberry regions the eggs of this genera-

tion do not hatch until the following spring. On the Pacific coast,

however, it was found that about one-third of the eggs of this gen-

eration hatched late in the summer, forming a third generation of

larvsp. Because of adverse weather conditions toward the latter

part of the season, none of these larvae developed into pupse and

moths. This generation is therefore called a partial or incomplete

geneiation.
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DESCRIPTION OF STAGES AND HABITS.

THE EGG.

The egg of the bhickhead fireworm is smooth, slightly elliptical,

with the center partially raised and rounded. It measures approxi-

matel}^ 0.G5 millimeter wide, or about the size of the head of a very

small pin. When first laid it has a slight opalescent sheen and a

light lemon-yellow color which changes to a deeper yellow in about

two weeks. The hatched egg is more inconspicuous, being trans-

parent and appearing much like a small drop of albumin which has

dried on the leaf. (Fiir. 1.)

Fic. 1.—Eggs of the blackhoad flrevvorm moth on the undersides of the cranberry leaves,

enlarged 7.5 times: a. Winter eggs; h. eggs in the " black-spot" or first stage of devel-

opment ; c, hatched eggs.

Hibernation.

The eggs are laid by the parent moth singly or in groups on the

underside of the cranberry leaves; rarely, a few eggs will be found

deposited on the upper surface of the leaves. On the badly infested

bogs as many as 10 or 12 eggs may be found on the underside of a

single leaf. The majority of the wintering eggs are usually deposited

on the leaves on the lower portions of the vines, the short, low up-

rights near the ground generally containing the greatest number
of eggs. During picking season and the following winter, many of

these leaves are dislodged from the vines, and it is not an uncom-
mon thing to find them on the l)og floor bearing numerous eggs. An
infestation may easih" be distributed from one part of a bog to
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another by these leaves drifting from place to place over the bog in

and on the water which sometimes collects during the winter time.

Instances were noted in which numerous egg-bearing leaves had been

Avashed into a corner of a bog, where they almost covered the vines.

These eggs, being the first affected by rising temperatures, were the

first to hatch in the spring, and the young larvae had almost com-

pletely destroyed the surrounding uprights before eggs elsewhere in

the bog had hatclied.

Incubation and Hatching.

The first signs of incubation are noted as the black head and tho-

racic shield of the developing larva begin to show through the chor-

ion or eggshell. As development progresses the young larva may be

seen to move within the egg and finally, as it grows in vigor, to rup-

ture the egg wall at a point over its mandibles and gradually escape

by means of a wriggling sidewise motion through this slitlike open-

ing, which is near the top of the upper surface of the egg. (Fig.

1, &, c.) It usually takes from about 3 to 5 minutes for the larva to

free itself entirely from the eggshell.

Factors Influencing Hatching and Development.

(a) Temperatvre.—Temperature has the greatest influence on the

fireworm eggs as well as on the other stages. This varies more than

is generally supposed among different bogs, depending upon location.

(h) Depth of vines.—Another very important factor which tends

to retard or hasten development of fireworm eggs is the depth of the

vines in which they are deposited. A bog with thin vines will warm
up more readily in the spring and maintain a higher temperature

generally throughout the season than a bog with rather thick vines.

Observations show, for instance, that on bogs with thin vines, hatch-

ing generally starts during the first warm days of spring (sometimes

late in March or in early or mid-April), reaches its maximum early

(say towards the latter part of April), and produces moths in maxi-

mum numbers in the middle or late part of June. On a thickly vined

bog, in the same locality, however, and under similar conditions of

temperature and moisture, hatching, while it may start about the

same time as it does on the thinly vined bog, will be only desultory

until the vines have warmed up considerably. Hatching in maximum
numbers may not take place then until the middle or latter part of

May. This in the absence of a winter flooding distributes hatching,

on bogs with a medium or heavy growth of vines, over a considerable

period.

(c) Drainage.—During the winter or rainy season more or less

water usually accumulates on the majority of the cranberry bogs
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on the Pacific coast. On those which are not quickly and easily

drained this winter water remaining on the bog late in the spring

causes the vines and the fireworm eggs to be rather slow in de-

veloping, with a consequent grouping of the hatching and develop-

ment of the first generation of larvae.

THE LARVA.

The newly-hatched larva of the blackhead fireworm (fig. 2, a) is

about 0.1 mm., or a little over one-thirty-second of an inch in length;

at first it has a pale yellow color Avhich turns to a darker yellow with

age, and has a relatively large dark brown or black head, accentuated

by the thoracic shield, the first segment back of the head, which is

nearly as dark as the head; hence the name "blackhead."

Fig. 2.—The blackhead firowoim : Mews of the larva, enlarged 7.5 times : a. Newly
hatched larvo? : b, dorsal, lateral, and ventral views of full-grown larvse.

When fully grown (fig. 2, h) the larvse measure about 6.5 mm., or

about one-fourth inch in length, and are dark greenish yellow with a

coat of darker olive green above. The head and thoracic shield

are black. The larvae are very active from the time they are about one-

fifth to one-fourth grown and vigorously wriggle from their gal-

leries when disturbed, falling to the ground and quickly concealing

themselves among the trash and leaves beneath the vines by a char-

acteristic sidewise and backward movement of the body. They are

provided with three pairs of thoracic legs, four pairs of abdominal

legs, and one i^air of anal legs. Depending upon the weather and

the time of the season, the blackhead fireworm spends from 10 to

about 75 days in the larva state.

74S90°—22 2
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Feeding Habits.

A newly hatched larva begins feeding shortly after it leaves the

egg, but may wander about for from 16 minutes to half an hour be-

fore taking any food. It usually starts feeding on the underside

of the leaves, generally near the eggshell from which it has just

emerged. At first it bites into the epidermis of the leaf, and, mix-

ing the nibblings with the thread of silk which it spins continuously

from several points beneath its lower lip. soon covers itself with a

Fig. 3.—The blackhead tii worm : Characteiiatic work of the uewly hatched larvae on

the underside of cranberry leaves.

greenish broAvn material which has the appearance of fine sawdust.

For a time it continues to chew into the leaf, feeding principally be-

tween the upper and lower surfaces, acting in many respects like

a leaf-miner. (See fig. 3.) This is particularly characteristic of the

early-hatched larvse of the first generation. The larvae of this gen-

eration which hatch later, and usually those of later generations

hatched in warmer weather after the new growth is well out, pro-

ceed almost directly to tlie tip, spending very little time as leaf-

miners.
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Depending upon the prevailing temperature and the condition of

the weather at this time, the young hirva in a somewhat dormant con-

dition spends two weeks, more or less, in its burrow, feeding only

when the weather is warm and favorable. If the weather is warm it

will be quite active and may stay in its burrow only two or three days.

On badly infested bogs it is a common thing to find the underside of

the lower loaves on the vines badly chewed and full of burrows. The
majority of instances of this type of injury are doubtless caused by

the larva hatching early in the spring before the bogs have become

sufficiently warm to permit active feeding, and also by those hatching

late in the fall, as is often the case on account of the bogs being ex-

posed to the weather the year round.

At the approach of warm weather, or after the young larva has

grown larger and stronger, it leaves its burrow and proceeds toward

the tip of the upright. Here, if the weather should turn cool, it

starts to feed in the whorl of leaves about the terminal fruit bud and

incloses itself in a loosely constructed web of frass and silk, either

between two terminal leaves or between the bud and the adjoining

leaf, where it awaits more favorable conditions which may cause the

terminal bud to break and grow. As these conditions become intensi-

fied the larva proceeds to web up the unfolding leaves as it feeds

on and skeletonizes them from within. From about the latter part

of May or the beginning of June this injury is noticeable to the

casual observer, many of the short, new uprights assuming a withered

and bent-over appearance at the tip, similar to those shown in the

accompanying illustration (fig. 4).

As the weather becomes warmer and the vine growth increases the

fireworms, the majority of which at this time (about early June)

may be nearly one-half to three-fourths of an inch long, feed rapidly

on the leaves in their web galleries, gradually extending them or

moving to an adjacent tip or upright as new food is needed. The
vines gradually assume the characteristic dried, light yellow-brown

appearance, and as feeding continues the bog begins to look as

though a fire had swept over it, scorching the tips of the yines,

which by midsummer are dry, reddish brown, and often nearly

leafless ; whence the name " fireworm."

On a vigorously growing bog the late-hatched larvae of the first

generation often feed upon the unfolding blossoms and newly

formed berries, sometimes causing them to drop from the vines. In

their feeding the young larvse frequently burrow into the blossoms

at a point near the base of the petals and feed on the floral organs

within, or they may bore into the ovary directly from the outside.

This feeding is first noticed about the time when the blossoms are

in the " hook stage " or about the beginning of June on the early

bogs. At this time a few yery small larvse usually may be seen eat-
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ing into the blossoms or berries, as described above; later on, both

large and small larvae may attack the berries, eating into them
where the berries touch one another or the leaves or an adjoining

upright. (See fig. 5.)

The second generation of worms makes its appearance in consid-

erable numbers the latter part of July. These larvse not only feed

upon the foliage, like those of the first generation, but they also web
it up more, feed longer, and move from place to place much oftener

than do the larvpe of the first generation. Especially on bogs

Fig. 4.—The blackhead fireworm. Early work of the larvaj in the tips : a. Entire new
tip destroyed ; 6, showing how the tip leaves are webbed together : c. an uninjured

upright.

making little new growth they may extend their feeding to the old

foliage, including many of the old uprights in their webs. In

addition, many of them may also feed extensively throughout the

remainder of the season on berries of all sizes. It does not seem to

make much difference whetlier the berries are webbed up or not; in

fact, the majority of the berries attacked are not webbed up at all.

(See fig. 5.) The injury done by tlie second generation of larvse is,

therefore, very striking. The third generation of worms is not very

distinct from the second and not quite so numerous; but occurring

J
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later in the season, when the vines are maturing, these laixse feed

principally on the berries, and therefore do more immediate damage

to the crop if any remains on the vines.

The result of the work on all three generations is not only the de-

struction of the current season's crop or its material reduction but

also the loss of a considerable proportion of the crop the following

year, the setting of fruit buds being largely prevented by the attack

of the larvae on the terminals. It will thus be seen that the fireworm

in one season can very materially reduce the cranberry crop of two

The blacklK'ad fireworm : Injury of the larvsB to the berries,

the upright is uninjured.

rhe lar^'r berry on

Place of Pupation.

After the larvae have reached their full growth they usually leave

the webbed uprights and descend to the trash and leaves beneath the

vines, where they inclose themselves between several old leaves in more
or less loosely constructed cocoons, typical specimens of which are

shown in figure 6. Sometimes, however, especially in the case of the

larvae of the first generation, some may spin themselves up within

a thin cocoon in the tips of the uprights, as shown in figure 7. Very
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often some larvae, after feeding in a cluster of berries, will spin their

cocoons and also pupate on the inside of one of them, or they may
fasten their cocoons between the berries, mixing their silk with frass

and any skeletonized leaves available. This is commonly true of the

larvse of the second generation. It is not very unusual, therefore, to

find some berries with the empty pupa cases protruding from a hole in

the side. The great majority of the larvse of all generations, how-

ever, descend to the ground to pupate.

The Cocoon.

As previously referred to, the cocoon of the blackhead fireworm is

composed of strands of silk which the larva fastens to any surround-

ing objects, as frass, leaves,' or l)erries, and more or less loosely draws

Fig. 0.—The blackhead fliewoim : Typical cocoous formed out of dead cranberry leaves

beneath the vines. The ones in the top row have been opened to show the interior

;

those in the lower row show the empty pupa cases protruding. All slightly enlarged.

about itself preparatory to pupation. The interior of the cocoon is

shown in figures 6, 7, and 8. It is in cocoons similar to these that the

larvse pass through a resting period followed by a final molting of

the larval skin. This resting and molting, during which the pupa or

chrysalis is formed, is called pupation.

The pupa or chrysalis of the fireworm is about 5.5 mm. or a little

less than one-fourth inch long by 1.5 mm. or about one-sixteenth inch

wide, and of a light amber yellow color immediately after casting the

larval skin. This color soon changes to a deeper amber brown, and

in pupse about to change to adults the color is a very deep amber

approaching almost black. The pupse are not usually encountered

without a rather close examination of the leaves and trash beneath
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the vines in whicli, as already mentioned, most of the individuals

of all generations pupate. (See fig. 8.)

The pupse wriggle considerably when first picked up, moving the

end of the abdomen in a circular motion, but they have no powder of

locomotion such as the larxie have. Just before the moth is ready to

emerge, and in order that it may do so without hindrance, the pupa,

L-khcad tirt'wurin : Pupa io cocoou spun

Enlarged 6 times.

tip of a cranberry upright.

by means of this wriggling motion and with the aid of a number of

small backwardly directed spines arranged in double rows around the

back of each segment of the abdomen, forces itself out through the

end of its loosely spun cocoon until the thorax and the tips of the wing
pads are free of the edge of the cocoon. (See last specimen at right

in lower row of fig. 6.)
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The duration of the pupa stage varies from 10 to about 65 days,

depending upon the weather and the time of the season.

THE ADULT.

The adults, or moths, of the blackhead fireworm are conspicuous

because of their habits of flight; when disturbed they often rise in

very large numbers. Upon close examination they are found to be

small in size, measuring in length from the tip of the head to the

tip of the wing on the average about 6 or T mm., a little over one-

fourth of an inch, or about the same length as the mature larvae.

With the wings spread they measure about 10 mm. across, or a little

over three-eighths of an inch.

The moths (fig. 9) differ somewhat in color, seeming to vary espe-

cially according to age. The first pair of wings of freshly emerged

-The blackhead fireworm : View of pupa and interior of cocoon. Enlarged about

7.5 times.

and unrubbed specimens have a ground color above of deep silver

gray, with irregular markings of brown, which often give them a

golden-brown sheen. Characteristic markings of a single row of

short alternating brown and silver-gray bars running diagonally to

the front margin are found on the first or upper pair of wings. The

second or lower pair of wings of the female are without characteristic

markings ; those of the male have an irregular dark spot on the under-

side near the front margin. The second or lower pair of wings of

both male and female have a fringe of long, bristlelike scales extend-

ing from near the tip along the back margin to the body. The abdo-

men is medium and slender, depending on the sex, female specimens

having a somewhat broader and shorter abdomen than the males. The

abdomen and the legs are covered with dark silver-gray scales, which
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often have a light golden-brown sheen. The antennae are about one-

half the length of the body and more or less bristlelike.

The adults live from 3 to 33 days after they emerge, and during this

time eat little or nothing, except, perhaps, a little nectar from the

blossoms, or water in the form of dew or rain.

Habits of Flight.

After the moth emerges from the pupal case it rests for a short time,

during which the wings are spread and dried. It then starts to fly

and moves rather swiftly in a short, jerky, darting motion, making

usually only short flights from place to place over the vines. Par-

ticularly on heavily infested bogs the moths are very conspicuous for

their habits of flight.

They will often be seen

to rise in large numbers

wdien disturbed, as by

spraying or by a person

walking through the

vines on a warm after-

noon, suggesting to some

the appearance of a

cloud.

Periods of Activity.

A few moths may
generally be seen flying

from tip to tip almost

every hour of the day

from the time of their

first appearance in June

until late in September

and October, but the time of day they are most active is from aoout

3 o'clock in the afternoon until after, dusk. During this period,

especially if the weather is wami, they may be seen to rise in the air

for a few feet, making their characteristic short, jerky flights.

Migration.

It is in the moth stage principall}^ that the blackhead fireworm

spreads itself over tlie bog or invades an adjoining one. The moth,

however, flying only short distances, would not natural^ migrate

more than several yards from its original region of activity; but,

helped by the wind, it is possible for it to be carried as far as several

74890°—22 3

-The adult or moth at rest on a cranberry up-

right. Enlarged about 6 times.
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hundred feet in one flight, and it is thus that bogs neighboring badly
infested ones, especially to the leeward, may become badly infested

in a few seasons.

Other ways in which the fireworm is disseminated over a bog have
been mentioned, namel}^, in the egg state, on leaves floating over the

bog in the winter water (p. 7-8), and also on cuttings (p. 4-5).

Proportion of Sexes.

In 1918, of 158 moths of the first generation emerging in the in-

sectary, 81, or 51 per cent, were males, and 77, or 49 per cent, were
females; of 59 moths of the second generation, 24, or 41 per cent,

Avere males, and 35, or 59 per cent, were females. In 1919, of 101

moths of the first generation emerging in the insectary 53, or about

52 per cent, were males, and 48, or about 48 per cent, were females

;

of 52 moths of the second generation 24, or 46 per cent, were males,

and 28, or 54 per cent, were females. This shows a slight predomi-

nance of males over females in the first generation and the apposite

in the second generation.

Copulation.

Copulation usually occurs shortly after emergence. Of those pairs

observed in the rearing shelter, one was found copulating the same
day it emerged, two the day after emergence, and one pair did not

copulate until 7 days after emergence. The same pair was never

seen to copulate more than once.

The period of copulation varies in length, the minimum period

observed being 1 hour and 26 minutes and the maximum 26 hours and

55 minutes. The male of one pair observed was noted dead and still

attached to the female 3 days after copulation was first observed.

OVIPOSITION.

Egg-laying commences shortly after copulation, usually within a

few days. During oviposition the female rather quickly pushes the

egg out through the tip of the abdomen, which she holds very close

to the underside of the leaf. Here the egg, a soft, plastic drop, settles

over the surface and soon assumes its ordinary flat, oval shape. The

outermost covering, which is rather moist when the egg is first laid,

dries and cements the egg to the leaf and gives it its appearance of

being glued on. (See fig. 1, a.)

Time of Day When Oviposition Occurs.

Eggs may be laid at almost any hour of the day and evening when

the weather is warm and fair. However, in order to determine the

time of day when the moths were depositing eggs in largest numbers,
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32 males and 42 females of the first <!:eiiei'ation were collected from a

cranberry hog on July 15, 1918, and immediately confined as follows

in three battery jars 9 inches hi^Ii by 5 inches wide: Jar No. 1 con-

tained 12 males and 12 females; jar No. 2, 10 males and 12 females;

jar No. 3, 10 males and 18 females. Each jar was provided with a

few inches of sli<2;htly moist sand on the bottom, an abundance of

clean cranberry uprights, and a sponge moistened with a weak solu-

tion of sugar and water for food and moisture,

Every 3 hours from 2 a. m. to 9 p. m. daily until July 20 the up-

rights in each jar were replaced with fresh ones and the eggs on them

and on the side of the jar counted and recorded. The sponge was

also moistened daily.

The number of eggs found deposited at each examination is sum-

marized in Table 2. As will be noted therein, eggs were laid during

every period between examinations, but the largest number of eggs

was deposited between 3 p. m. and 9 p. m., 663, or 39.6 per cent of

the total, being deposited between 3 and 6 p. m., and 650, or 38.8 per

cent, between 6 and 9 p. m. The smallest numbers were deposited in

the 12-hour period between 9 p. m. and 9 a. m. It will be noted fur-

ther that the time of day during which eggs were deposited in largest

numbers is also the period of greatest activity on the bog.

Table 2.

—

Nuiitber of eggs of blackhead fireworm moth deposited every 3 hours
from 6 (1. tn. to 9 p. ni. hi) tnoths of the first generation confined in battery
jars; Seavieic, Wash., July i.J to 20, 1918.

Period of deposit ion.
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Because of the overlapping of the generations, one can scarcely do

more than speculate as to the date of occurrence of the stages of the

second and third generations on the bogs ; and the latest dates of the

occurrence, particularly of the moths of the first generation and all

the stages of the second and third generations, could only be obtained,

therefore, by rearing methods.

NATURAL ENEMIES.

PARASITES.

Insects.

Although numerous very small wasplike insects (members of the

order Hymenoptera) can be seen flying over the tops of the vines on

^uLf/s ^vi.r/e ^c/iyi7 ^c/ly/s ^oiy/g mI?So ^clyai

Fig. 10.—Egg deposition by blackhead fireworm moths of the first generation. Records
every three hours from July 15 to 20; Seaview, Wash., 1918.

badly infested bogs on warm, clear days, none of these could be reared

from collections of the eggs and larvae of Rhopobota naevana from

^'arious bogs. Circumstances indicate very strongly, however, that the

blackhead fireworm on the Pacific coast is parasitized, to a certain ex-

tent at least, although not as much as on some dry cranberry bogs in

the East.
Fungous Disease of the Pup.e.

From about the beginning or middle of August it is very common
to find, especially on the older and more badly infested cranberry

bogs, areas of 3 to 5 inches or more in diameter of old leaves beneath

the vines which have the appearance of being smeared with a floury-

wdiite substance. Closer examination of these areas will show that

this whitish appearance is due to the fruiting growth of a para-

sitic fungus,® which attacks and kills the pupse concealed in their

cocoons in these old leaves. This fungus is showm growing from the

' Determined by Dr. A. T. Speare, of the Bureau of Entomology, as a species of Spicaria.
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cocoon in the lower row of specimens in fi<^ure 11. The specimens in

the top row have been dissected from tlie loosely constructed cocoons

and show the fungous disease growing on the pupse.

While tliis disease certainly causes the death of a large number

of pupse on bogs where it is prevalent, not too much reliance should

be placed on it in the control of the firew^orm, since the greatest part

of the damage by the fireworm is done to the vines before the time

when the fungous disease is growing rapidly. The weather also

may or may not be favorable to its rapid growth, and hence its

killing power and spread are likely to vary considerably from one

season to another.

Fu;. 11. 1 uijyous <iis(asc, a >iir, i.s d Spiiaria, growing from the blackhead fireworm

puiJik- iu ihfir cocoons. Slightly enlarged.

PREDACIOUS ENEMIES.

Spiders.

On the cranberry bogs of the Pacific coast spiders of various kinds

are found in very large numbers and doubtless devour many fire-

Avorm larvie and moths.
Insects.

A large number of " ladybugs " are also seen on cranberr}^ bogs,

and their presence there sometimes causes alarm to a grower who is

not familiar with their habits. One species, the California red

ladybird beetle,^" is very common, and both larvse and beetles can be

seen actively walking over the tips of the cranberry uprights any

10 Specimen!^ determined by Mr. E. A. Schwarz, of the Bureau of Entomology, a9

Coccinella califoniica Mann.
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time throughout the summer. The ladybird beetles, with few excep-

tions, are beneficial insects; the adults of this species have been

observed to feed readily on the larvae of the blackhead fireworm in

captivity, and in the field doubtless consume large numbers of this

insect.

CONTROL EXPERIMENTS.

Since most of the cranberry bogs on the Pacific coast can not be

provided with a sufficient supply of water for use in control work,

insect pests on these bogs should be combated largely by the applica-

tion of insecticides in the form of a liquid spray. This method seems

especially desirable against the fireworm after a study of its habits

and methods of feeding. It may also be necessary to do more or less

spraying for certain fungous diseases at various times throughout

the season, and some of the dates for these applications may corre-

spond to a great extent with the time of application in the control

of the fireworm. The grower, therefore, can combine the materials

used for the control of the fireworm with those necessary for fungous

diseases whenever the times for these two applications coincide, and

thus save the expense of separate applications.

All the control experiments against the blackhead fireworm were

arranged, therefore, so as to include tests under actual bog conditions

of several methods of spraying the eggs, larvae, and adults with a

number of promising insecticides, both with and without spreaders,

at various times throughout the season. These sprays were applied

by the types of nozzles shown in figures 12, 13, and 14, all the tests

being so planned as to shed some light on questions concerning the

number of applications, the best materials to be used, the amount of

spray material which should be used per acre, and the most effective

manner of applying it.

MISCELLANEOUS SPRAYING EXPERIMENTS.

In Table 3 is given an outline and the results of the miscellaneous

spraying experiments conducted on Howe vines on the Portland-Sea-

view Cranberry Co. bog at Seaview, Wash., in 1919. Very similar

experiments were performed on this bog in 1918, but the severe infes-

tations previous to that season had so reduced the bearing power of

the vines that few blossoms were set in 1918, and the results therefore

Avere not wholly dependable. They showed, however, a decided in-

crease in control by the use of insecticides combined with spreaders,

such as soap or glue, as compared with the same insecticides applied

Avithout the addition of these wetting agents. They also suggested

that a solution of 40 per cent nicotine sulphate, used at the rate of 1

part to 1,000 parts of water, with the addition of fish-oil soap at the

rate of 2 pounds to 50 gallons and applied at the rate of about 300
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gallons per acre, might be just as effective as the same kind of a solu-

tion in which the nicotine was used at the rate of 1 part to 800 parts

of water and applied at the rate of about 200 to 250 gallons per acre.

The miscellaneous spraying experiments conducted on this bog in

1910 AA'ere (liorefore planned in the light of the results of the pre-

vious season.

Time and NrMHp:K of Appi.icatioivs.

The odd-numbered plats, I to XV inclusive, received 8 applica-

tions on the dates shown in Table 3. The first application (May 13

and 14) was made to catch the largest possible number of small larvae

in and near the tips of the uprights before they had a chance to web
up the new unfolding leaves. The ncAv growth at this time was ap-

proximatel}^ three-fourths of an inch long. The second application,

June 12, was made to kill the next lot of larvae hatching after the first

application and came about the time when the majority of the blos-

soms were in the " hook stage." In order to catch the late-hatching

larvae the third spraying Avas made Jul}' 1 and 2 as the vines were ap-

proaching full bloom. The even-numbered plats, from II to XVI
inclusive, and plat XVII, received in addition to these applications

just described one more application (July 16 and 17) about the time
the moths were flying on this bog in greatest abundance. The pur-

pose of this fourth application was to kill these moths and also any
larvae which had moved into the tips at this time.

While the frosts of May 4, 5, and 6 somewhat reduced the crop on
nearly all the plats, the comparative results, as obtained by the ex-

amination of the berries from 3 circular areas of about 100 square

inches, each picked at random over each of the plats, strengthen the

observations made of these plats at various times throughout the

season.

Table 3.

—

Outline of miftcellancoiis spraying experiments in the eontrol of the
blackhead firetvorin on the I'orllntid-^eariew Cranhcrru Co. ho</ at Seavieiv
Uo.y/i.. 1919.

Plat
No.

Spray materials, dosage,
etc.

1 40 per cent nicotine sul-
phate, 1-1,000-i-flsh-oil

soap, 2-50
,

II '' 40 per cent nicotine sul-

I

phate, 1-1,000+ fish-oil

I

soap,2-50
III .- ' 40 per cent nicotine sul-

I

phate, 1-800 + flsh-oil

I

soap, 2-50
IV— 40 per cent nicotine suJ-

I phate, 1-800 -I- fish-oil
' soap, 2-50

Niimher of gallons used calculated per
acre per application.

May 13

and 14.

July 1

and 2.

July 16

and 17.

Aver-
age per
appli-
cation.

Total
number
of ber-

ries

Total
number
of ber-
ries free
from

injury.

95. .52

93.74

97.42

Gain
over
check.

18.50

16.72

20.40
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Tablk 3.

—

Outline of miscellaneo'us spraying experiments, etc.—Continued.

Plat
No.

Spray materials, dosage,
etc.

Number of gallons used calculated per
acre per application.

Mav 13

and 14.

July 1

and 2.

July 16
and 17.

Aver-
age per
appli-
cation.

Total
number
of ber-
ries

exam-
ined.

Total
number
of ber-

ries free
from

injury.

Gain
over
check.

XII...

XIII.

.

XIV..
XV...
XVI..
XVII.

XVIII

40 per cent nicotine sul-

phate, 1-600 + fish-oil

soap, 2-50
40 per cent nicotine sul-
phate, 1-600 -f flsh-oil

soap, 2-50
Powdered arsenate of lead

,

2i-50-f flsh-oilsoap, 2-50.

Powdered arsenate oflead

,

2J-50-|-fish-oilsoap, 2-50.

Nicotine oleate, 1-300
Nicotine oleate, 1-300
40 per cent nicotine sul-
phate, 1-8004- plue, 1-200.

40 per cent nicotine sul-
phate, 1-800-1- glue, 1-200.

Nicotine oleate, 1-400—
Nicotine oleate, 1-400
Nicotine oleate, 1-500
Nicotine oleate, 1-500
"Phenolcompoimd"No,

1,1-500
Check, untreated

270
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Two and one-hulf parts of a 40 per cent nicotine solution unites

with 1^ parts of commercial oleic acid or red oil. Four and one-

fourth parts of this soap will then contain 1 part of nicotine or will

equal 24 parts of the 40 per cent nicotine solution.

It will thus be seen that nicotine oleate is a 7iicotine soap made

from a fatty acid and nicotine ; as such it has the spreading properties

of a soap and in addition it is a contact insecticide which can gener-

ally be used in place of the ordinary 40 per cent nicotine sulphate

and soap solution for cranberry spraying. It could not be mixed,

however, with h«rd water or combined with Bordeaux mixture or

any other alkaline solutions; and since it takes 4 J parts of the

nicotine oleate to equal in nicotine content 2^ parts of the 40 per cent

nicotine solution, ahout twice as much nicotine oleate as JfO per cent

mcotine sulphate had to be used to equal one part of the latter.

A spray material of this character, which has combined in it

both soap and nicotine, would greatly facilitate the control of the

fireworin. if not materially reduce the cost, wherever its use is prac-

ticable. Solutions of the strengths used seemed to spread equally

well over the cranberry foliage. As shown in Table 3, it was used

at the rate of 1 part to 300 parts of water, 1 to 400, and 1 to 500,

about equal, respectively, to 1 to 600, 1 to 800, and 1 to 1,000 of the

40 per cent nicotine sulphate formulas. Both three and four appli-

cations were made of each strength. The largest percentage of

fruit free from fireworm injury seemed to be obtained where nicotine

oleate was used at the rate of 1 to 500 and applied four times. There

is very little difference between the results of this plat (plat XVI)
and those secured on plat XIII where nicotine oleate 1 to 400 was

applied three times. This is partly explained by the fact that the

fireworm infestation was more thinly scattered over the former plat

than over the latter. The results where nicotine oleate was used

at the rate of 1 to 300, while apparently very satisfactory, are not

so good, considering all factors, as where it was used at the rate

of 1 to 400.
Arsenate of Lead.

As in 1918, arsenate of lead proved to be of little or no value in

the control of the fireworm, the foliage being badly eaten and nearly

all the berries destroyed by the worms, even where four applications

were made with the addition of soap.

Wetting Agents or " Spreaders."

That the presence in the spra}' liquid of some material like soap,

which will make it wet or spread over the smooth, waxy foliage of

the cranberry, seems to make considerable difference in the control
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results obtained was plainly shown by the preliminary experiments

of 1918 previously referred to. In 1919, therefore, a comparison

of the kinds of spreaders was made and in these tests glue. 1 pound

to 200 gallons, and nicotine oleate at the strengths mentioned above

were checked against fish-oil soap, 2 pounds to 50 gallons. As will

be observed in Table 3, the use of glue gave the poorest control of

the three groups of plats III and IV, XI and XII, and XIII and

XIV, in all of which the strength of the nicotine was approximately

the same; nicotine oleate was next; and fish-oil soap, 2 to 50, gave

the best results.

Observations made immediately after these spreaders were ap-

plied showed that glue spread the solution fairly well over the old

foliage, but failed to carry it into the small, neAV leaves at the tip,

the region of greatest activity of the young larvae; nicotine oleate

spread very satisfactorily over both old and new foliage, but did not

seem to go as far into the unfolding buds and leaves as did the solu-

tion containing fish-oil soap, which, moreover, might be one reason

for the superior control secured where fish-oil soap was used as a

spreader.

It was observed that fish-oil soap used at this strength would

often carry the solution containing it into the very center of the

group of small unfolding leaves at the tip of the upright and enable

the solution to find its way into the loose web of any small larvae

which might be working therein.

" Phe>?ol Compound No. 1."

A proprietary compound used primarily as a disinfectant and

containing a large amount of crude carbolic acid was tested against

the fireworm. This material mixes in all proportions with water,

making a milky white solution which gives off a strong, characteris-

tic carbolic-acid odor. It was used at the rate of 1 part to 500 parts

of water and sprayed directly into the tips of the vines, as on the other

plats. As will be noted in Table 3, little or no control was secured.

DEMONSTRATION SPRAYING EXPERIMENTS.

The results of a series of demonstration spraying experiments,

conducted on the bogs belonging to H. M. Williams & Sons, at

Ilwaco Junction, Wash., in 1919, are presented in Table 4. The ma-

terial found most effective in previous tests, namely, 40 per cent

nicotine sulphate, 1 to 800, with soap 2 to 50, was used in all these

experiments.
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Tablk 4.

—

Outline of fiprni/ing erpcrimentfi in the control of the hlackhead fii

worm on the H. M. Williams & Son's bog at Ilwaco Junction, Wash., 1919.
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Plats A and B constituted one section, containing about an acre

of vines, C and D another to the south, and E, F, G, and H a third

to the east of C and D. Since the infestation of these three sections

varied somewhat it was thought advisable to have a check plat meas-

uring 1 by 2 rods for each section. As noted in Table -i, they were

placed to leeward of the plats of which they acted as checks to pre-

vent the unnatural spread of moths over the plats. These were num-
bered 1, 2, and 3, respectively.

The percentages of berries free from fireworm injury, as shown in

Table 4, were obtained from an examination of the berries picked at

harvest time from five circular areas of approximately 100 square

inches each, selected at random on each sprayed plat. Berries were

examined from three such areas on each of the check plats.

The yield of each plat w^as obtained by measuring its entire crop

as picked at harvest time. Plats A, B, C, and D were picked with a

scoop, and plats E, F, G, and H were picked by hand. The first four

plats included vines of the Howe variety and the last four, vines of

the McFarlin variety, all of which had reached the age of normal

bearing.

Time and Nx'mber of Applications.

The first three applications were made at practically the same time

for all plats, since the growth of the two varieties on these plats was

very much the same. The first application was made on May 2 to 6,

about the time when the largest number of buds were pushing forth

but had not exceeded a growth of approximately three-fourths of an

inch. This was the time when the young larvae were appearing in

very large numbers but before many of them had got beyond reach of

the spray.

The second application was made May 20 and 21, when many blos-

soms were in the hook stage, and was timed so as to catch the next lot

of larvse before they could conceal themselves in the new growth.

The third came June 13 to 17, when the vines were nearly in full

bloom. It was designed to kill any late-hatching larvae of the first

generation which might have been injuring the blossoms and newly

forming berries.

Plats C, E, G, and H received a fourth application on July 9 and

10 at about the time many berries were already set. This applica-

tion was intended to kill any very late-hatching larvae and the moths
which appeared on the bogs in largest numbers about this time.

The Bordeaux Nozzle.

The Bordeaux nozzle is modeled so as to deliver a forceful, driving

&pray in the shape of a fan. The nozzle is so arranged that the in-

tensity of the fan-shaped spray can be regulated as desired. In
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Fig. 12.—Bordeaux nozzle equipment used in spraying experimental plats : a. Nozzles
held to show delivery of fan-shaped spray on a horizontal plane; h, noazles held in
proper position for delivering spray to vines.



30 BULLETIN 1032, U. S. DEPARTMENT OF AGRICULTURE.

spraying plats B and G with this type of nozzle, an effort was made

to hit on a nearly horizontal plane the underside of all the leaves, as

Avell as to penetrate the vines and wet thoroughly with the spray solu-

tion all parts of the uprights, including the tips, by directing a force-

ful stream of spray, as shown in figure 12 h. The main idea was to

wet the eggs and also to catch the young larvae in their burrows on

the undersides of the lower leaves, as well as to wet any larvse in the

tips at the time.

As will be observed in Table 4, three applications with this nozzle

on Howe vines in plat B at an average rate of 522 gallons per acre

resulted in a gain in yield of 34.18 bushels per acre over the un-

treated plat; 89.74 per cent of the berries examined from this plat

were free from injury by the fireworm. On the McFarlin vines in

plat G four applications at an average rate of 697 gallons per acre,

with this type of nozzle, produced a gain of 153.81 bushels per acre

over the check and 91.97 per cent of the sample berries were free

from fireworm injury. The small yields of plats A and B were

due largely to the fact that since the vines in this section had been

very badly infested the previous season, they produced very scanty

bloom, and they also appeared to suffer more from. frost on May 4, 5,

and 6 than the other plats.

The Mist Nozzle.

The mist nozzle used was of the eddy-chamber or wdiirlpool-disk

type, somewhat larger than the Vermorel and without the center-

cleaning punch of the latter. It is so constructed internally as to

throAv a medium fine mist in the form of a hollow cone of spray

which, depending upon the pressure of the liquid, measures from 12

to 18 inches in diameter about a foot from the nozzle. The outfit,

as shown in figure 13, was made from galvanized iron pipe one-fourth

to three-eighths of an inch in diameter on which four nozzles were

])laced 11 inches apart and the whole attached to the end of an ordi-

nary 8 or 10 foot bamboo spray pole. The first nozzle on the end was

set close to the pipe and each succeeding one was set 1 inch farther

away than the preceding so that all would be the same distance from

the vines when the rod was held by the operator in proper position

for spraying.

The applications with this type of nozzle on plats A and H were

made with the primary idea of filling the terminal whorl of old leaves

and the new unfolding leaves at the tip of the upright with the nico-

tine sulphate and soap solution. As will be seen in figure 13, this

spray Avas delivered on a more or less vertical plane, and no special

effort was made to hit the underside of the leaves, entire dependence

being placed on a thorough soaking of the tips of the uprights, which

was quickly and easily done .with this type of nozzle.
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On the Howe vines in plat A, three applications, at an average rate

of 391 gallons per acre, with the mist nozzle produced a gain in yield

of 18.52 bushels per acre over the check; 89.35 per cent of the berries

picked from sample areas were free from fireworm injury. On the

other hand, the same type of nozzle used on McFarlin vines in plat

IT. with four applications at the rate of 485 gallons per acre, produced

a gain over the untreated vines in this section of 349.23 bushels per

acre, 93.81 per cent of the berries examined being free from fireworm

injury.

Fig. 13.—Mi nozzle equipnien ying expiTimiutal plats.

The Spray Gun.

The spray gun (fig. 14) comprises usually a very large nozzle of

the eddy-chamber type attached to a piece of tubing of varying length,

fitted with a device for regulating at will the size and volume of the

spray delivered through the nozzle. It is of larger capacity than the

ordinary mist nozzle of the eddy-chamber type and is intended to be

used only on power outfits where the pressure can be maintained at

200 pounds or over. In these experiments this type of nozzle was used

at full-capacity opening with a medium-sized disk and thrcAv a stream

of spray about 15 to 20 feet long, Avhich broke up into a medium fine

mist before it reached the vines.

In the use of the spray gun on plats C, D, E, and F an effort was

made to fill the tips of the uprights with the spray liquid and also to

hit the undersides of the leaves by holding the nozzle close enough to

the vines so that the liquid would be delivered on a nearly horizontal
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plane. In this position the uprights would be bent over slightly and
the tips as .well as some of the lower leaves given a thorough wetting.

As seen in Table 4, three applications Avith this type of nozzle on
the Howe variety (plat D) resulted in an increase of 58.95 bushels

per acre over check, and 84.25 per cent of the berries examined were

free from fireworm injury. Four applications on the same variety

on the adjoining plat (plat C) resulted in a gain in yield of only

40.88 bushels over the check, doubtless because of the thin setting of

blossoms on this plat, but 93.05 per cent of the fruit examined from
the sample areas was free from fireworm injury.

14.—Spray-guD used in spraying experimental plats. Shows size of struaui of spray
used, with medium-sized disk at full eapaeity.

On the McFarlin variety (plat F) three applications gave a gain of

109.62 bushels per acre over the untreated vines, Y7.45 per cent of the

examined fruit being free from fireworm injury. Four applications

(plat E) gave better results, a gain of 161.85 bushels over the un-

treated vines, 87.72 per cent of the examined fruit being sound.

The Thkee Types of Nozzees Compared as to Economy of Time and Material.

With the Bordeaux outfit (fig. 12) it took about 1-|- hours to spray

an acre, an average of 609 gallons being necessary for a thorough

application. It was necessary to walk about 24 times across the

acre, which was in the form of a square. With the mist outfit

(fig. 13), it took about 1 hour to spray an acre, 438 being the average
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number of ^'•alJons wscd lor a t}iorou«rli Jijji^liriitioD. Ajjpro.xiiiiatcly

12 trips were necessary across an acre with this outfit. In point of

time and material the spray {£\m was the most economical, recjuirin^

only .''>5 or 40 minutes to spray an acre, with an avera^'e of 375 jrallons

for an application. It was necessary to make only C to 8 trips with one

:-|jray ^iin across an acre.

l-Atyjl Ol I HK .\lC<rriNK-SfI,I'nATE-A:fD-SOAP SOM-noN ON THK r.'KA.VBEKRV I'LANT.

Although 40 percent nicotine sulphate in the proportion of 1 part

to 800 pai-ts of water with fish-oil srjap at the rate of 2 pounds to

each 50 f^allons of solution was applied to the vines when they were
almost in full bloom, no decided decrease in the setting- and maturity

of the berries seemed to occur on those plats on which the spray

was not applied forcefully or on a nearly horizontal plane. It will

be noted, however, in Table 4 that the percentajL^e of unfertilized and
immature berries, i. e., the very small, dried, and unde\e]oped ones,

but which were free from fireworm injury, was slijrhtly, and in some
cases considerably, increased in all the sprayed plats except F as

fompared with the respective untreated ones, the three plats with the

hijrhest percentage of berries of this kind being plats B. C, and G.

Some explanation of this may possiV^ly be found in the fact that in

two of these plats, namely, B and G, the spray was applied forcefully

with the Bordeaux nozzle on a nearly horizontal plane, which prob-

ably could have seriously affected the fertility of the blos.soms, as in

some cases they were almost blown from the uprights. Plat C re-

ceived four rather forceful applications with the spray gun. and this

also may in a mea.sure account for the high percentage of unfertilized

berries picked from this plat.

It is generally recog-nized among cranberry growers and others

familiar with cranberry- culture that the presence of a large amount
of wet weather during the blooming period sometimes results in a

small crop of berries. Whether or not the wet weather causes a de-

creased crop by preventing the ordinan,- pollenization b}' insects or

by destroying the fertility of .some blossoms slill seems to be a matter

of conjecture. Since all the plats were affected by the .same set of

natural conditions, however, it would seem logical to suppose that

the spraying of the vines while the blossoms were open with a type

of nozzle which delivered a forceful spray on a more or less hori-

zontal plane, and which thus thon^ighly wet the floral organs, might
have caused the comparatively small crop on the plats thus treated,

by the sterilization and mechanical destruction of the blossoms.

On the other hand, a certain rather Vjeneficial effect in addition to

the control of the fireworm was observed from the use of the nicotine-

sulphate-and-soap solution, especially on the McFarlin variety. On
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plats E, F, G, and H, but particularly on H, it was noticed that the

berries were ojenerally much larger and the vines of a brighter green

than those on the other plats. Wherever this spray solution was used

it seemed to have a fertilizing or stimulating effect on the vines,

making them grow more luxuriantly and produce larger sized berries

than they otherwise would have done.

RECOMMENDATIONS FOR CONTROL.

REFLOWING.

As recommended by Scammel/-^ reflowing, where it is possible to

do it properly, will doubtless be as effective in controlling the black-

head fireworm on the Pacific coast as elsewdiere. While no experi-

ments were performed along this line on the Pacific coast, yet for the

benefit of those growers who may be able to equip their bogs for

reflowing and wish to employ this method of control, it might be

stated that the proper time to reflow for the fireworm is when the

majority of the larvse of the first brood are about full grown, as at

this time they can be more easily and quickly killed than in any other

stage.^* On the bogs in the vicinity of Seaview. Wash., the majority

of the larvse of the first brood are full grown near the middle or

latter part of May, but if the bog is winter flowed, i. e., covered

with water in the wintertime, this date would vary according to

the date this winter flood was drawn from the bog. In reflowing, the

water should completely cover the vines and be held there for at least

48 hours in order to kill the greatest number of larvae. Any grass or

other objects projecting above the surface should be removed so that

the larvae can not crawl up to the tops and thus escape the flood.

Spraying with a solution of 40 per cent nicotine sulphate and

water, with soap as a spreader, has been found to be the most effec-

tive method of controlling the blackhead fireworm on the Pacific

coast.

How TO Pkepare the Nicotine Sulphate Spray.

Any nicotine solution containing 40 per cent of nicotine sulphate

is suitable in the preparation of this spray, and any kind of soap

free from uncomhined oils or greases may be used as a spreader.

The proportions found most effective against the fireworm are : One
part of 40 per cent nicotine sulphate to 800 parts of water, with 2

pounds of soap to each 50 gallons of the liquid. Solutions containing

a greater proportion of nicotine sulphate than 1 to 800 will do no

'" Scammel, H. B. Cranberry Insect Problems and Suggestions for Solving Them.
U. S. Dept. of .4gr., Farmers' Bulletin 860, p. 7-8. 1917.
" Ibid, p. 8.
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harm, but on the other hand will give no better control, and if used

at the rate of 1 part to 1,000 parts of water with the above proportion

of soap, about one-third to one-half more iz;allons })ei' acre should be

used and then only on light infestations.

To make 200 gallons of this material the tank should be run

about three-fourths full of water Avhile washing through the sieve

8 pounds of the soap, which should be previousl}' broken up in warm
water or otherwise thoroughly softened. One quart of the 40 per cent

nicotine sulphate should then be poured slowdy into the tank with the

remainder of the water necessary to make up the 200 gallons while

the whole solution is being thoroughly agitated to insure proper mix-

ing of the ingredients. It is then ready to be applied to the vines.

The nicotine sulphate is added last and in a diluted form to pre-

sent the precipitate which forms wdien concentrated solutions of

nicotine sulphate and soap are brought together and which decreases

the effectiveness of the spray solution.

If these materials are to be combined with Bordeaux mixture, the

i^roportions of nicotine sulphate and soap and the process of mixing

is the same as though water were used to make the solution as

<lescribed above. Nicotine sulphate can be mixed with lime-sul-

phur solutions in all the usual proportions, but no soap should

l>e added to a solution containing lime-sulphur or any other similar

compound, else a disintegration of the ingredients will take place

which will not only weaken the effectiveness of the combination but

also may cause severe injury to the cranberry vines.

The Amount to be Used Per Acre.

Depending on the severity of the infestation, not less than 250 to

300 gallons of this solution should be used in spraying an acre of

vines, as good control can not usually be se-cured with a less amount
than this. If it is preferred to use 40 per cent nicotine sulphate at

the rate of 1 to 1,000, rather heavy applications will have to be made,
less than 400 or 500 gallons per acre never being used.

Type of Nozzle.

The use of a nozzle, preferably of the large eddy-chamber type

shown in figure 13, equipped with a disk, throwing a medium-fne
mist which will quickly and easily wet the terminal whorl of leaves

on the tip of the uprights, is to be recommended. The Vermorel
type of nozzle is too small and throw^s too fine a mist (fig. 15), most
of which is driven away by the wind and thus fails to give the de-

sired results. The spray gun should be used only on very large and
thinly infested bogs and then great care must be taken to see that no

uprights are missed and that a uniform application is made with

the pressure at the tank never less than 200 pounds per square inch.
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^
Pressure.

The pressure need not be higher than about 200 or 250 pounds at

the tank, depending upon the size and length of pipe or hose through

which the liquid has to be forced and the number and kind of noz-

zles used.

Time and Number of Applications.

For vines which are only lightly infested three applications are

recommended. The first of these should come when the new upright

growth is from one-half to three- fourths of an inch long; that is,

Fig. 15.—A spray boom for holding 10 Vermorel nozzles. Note the unevenness of the

spray cone and the necessity of considerable walking and dragging of hose over vines

In spraying. Not a good type of outfit to use.

when large numbers of the young larvae are proceeding to and some

working in or near the new unfolding leaves at the tips of the up-

rights. The second should be applied shoitly after the first blos-

soms appear, or, in other words, at the early "hook stage." This

may come from 10 days to 3 weeks after the first application, de-

pending on the weather; it is designed to kill the next group of

larv86 before they conceal themselves in the new growth. The third

application should be made when the vines are in full bloom, or

about 2 weeks after the second application, the object being to keep

the young larvae from destroying blossoms and newly forming berries.
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Vines which are rather heavily infested avIII re(iuire the first year

all three applications, as outlined above, and an additional fourth

application, which should be made during the first two weeks of

July. This last spray is designed to give protection, hcA\\ to the

berries and to the upright tips in which the fruit buds for the fol-

lowing year's crop are forming, against late hatching larvse of the

first generation and the first larA'a* of the second generation. It is

also designed to kill many of the moths of the first generation, and

it should, therefore, be timed so as to come within the limits men-
tioned, as it is about this time that the moths are flying in lai'gest

numbers. By careful spraying with an outfit like that shown in fig-

ure 13, one application at this time Avill clean a bog of fireworm moths

and thus prevent a large num])er of the eggs of the second generation

from being deposited.

Kind of Equipmkxt.

A 50-gallon wheel-barrel outfit, with a strong pump, will usually

be found sufficiently large for bogs up to several acres in extent. For
larger Ijogs the power outfits of various sizes will be most economical,

and in order to avoid dangerous delays at spraying time one should

be sure that the parts are not only durable but easily accessible and
replaceable as well.

Any arrangement of nozzles and manner of spraying the bog that

will insure thorough application of the spray as previously outlined

and at the same time cause a minimum injury to the vines from walk-

ing or dragging the hose over them will be satisfactory.

After a consideration of the factors which influence the hatching

and development of tlie blackhead fireworm (see pages <S-9), it would
seem reasonable to suppose that a covering of water held over the

vines until late in the spring, say until about April 10 to 15, together

with the thinning out of thickly vined bogs, would have a w^ry Ijene-

ficial effect. It would also facilitate good control work by grouping
the hatching of the larvae. In view of the fact that it is also con-

sidered a good liorticultural practice on the Pacific coast, this method
of bog management in connection with spraying is to be recommended
wherever it is practicable, especially on bogs wliich are badly in-

fested with fireworms.

SUMMARY AND CONCLUSIONS.

The blackhead fireworm {Rhopohota luierajui Hiibner) is the most
important pest of the cran])erry on Pacific coast bogs. It is found
also on native cranberry vines well isolated from cultivated bogs,

but was doubtless introduced on these cultivated bogs on cuttings

from eastern cranberry districts. So far as known on the Pacific

coast, it feeds only on the cranberry.
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The phenology of the cranberry in that locality is quite vari-

able. Usually on the earliest varieties, such as the McFarlin and
Early Black, buds begin to break and the new growth begins to

push forth about the beginning of April. The new upright growth
is about three-fourths of an inch long by the middle of April, the

blossoms are in the " hook stage " in about a month more, and full

bloom comes about the beginning of June. The late varieties, such as

the Howe, are more variable, but the new groAvth starts the beginning

of May and attains three-fourths of an inch in about a week. The
majority of the blossoms are in the " hook stage '' about the middle of

June and fully opened by the latter part of June or early July.

Almost none of the bogs on the Pacific coast are ever completely

covered with water, and the seasonal temperature is comparatively

equable. These conditions, coupled with the small number of para-

sites, enable this pest to be very destructive, the larvae feeding on
the buds, foliage, blossoms, and fruit throughout the growing season.

The insect passes the winter in the egg stage. The eggs are quite

small, smooth, and slightly oval, with the center slightly raised or

rounded. They are lemon and orange yellow and are deposited singly

or in small irregular groups on the undersides of the cranberry leaves.

The young larva on hatching leaves the egg through a rent near the

edge of the upper side and then feeds for a few days on the leaf or

leaves near bj^ Later it proceeds to the tip of the upright, there

feeding on the unfolding buds and blossoms.

By rearing the insect from the egg stage in an outdoor shelter

where conditions were maintained which approached those natu-

rally found on the cranberry bog, it was found that there are annually

two full generations and sometimes a partial third. Temperature,

depth of vines, and drainage are the three most important factors

in the hatching and development of the fireworm.

The mature larva is very active, is about one-fourth of an inch

long, dark greenish yellow, with a coat of dark olive-green above,

and with head and thoracic shield varying from light brown to

black. The ravages of the larva? result in a burnt appearance of the

vines, as if a fire had swept over the bog. Hence the common name
" blackhead fireworm."

Nearly all the larvae change to pupse in loosely constructed cocoons

in old leaves and trash beneath the vines. The pupa is a little less

than one-fourth of an inch long and of a brownish amber color.

The adult or moth moves in quick, jerky flights, is about the same
length as the mature larva, and has characteristic markings of a single

row of short, alternating brownish and silver-gray bars running

diagonally to the front margin of the first pair of wings. The males

have an irregular dark area near the front margin on the underside

of the second or lower pair of wings.
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Naturally the moths do not mi<;rate more than a few yards, but,

helped by a strong wind, it is possible for them to be carried as far

as several hundred feet at a flight. In the egg stage, the- fireworm

can be disseminated over a bog in two other ways—namely, on leaves

floating on the water which naturally gathers on the bog in the

winter time and on leaves on cuttings used in planting.

Egg laying usually commences from one to several days after copu-

lation and closely follows the temperature, the largest number being

deposited between 3 and 9 p. m.

The larvae of the first generation appear on the bogs in greatest

abundance about the latter part of May, the pupse toward the middle

of June, and the moths about the first or second week in July.

A fungous disease which attacks the pupae in their cocoons in the

old leaves beneath the vines is responsible for the death of a large

number, especially on old and badly infested bogs. Spiders and

ladybird beetles also kill a large number of the fireworm moths and

larvae.

Control experiments seeking to establish the best kind of spray

materials, the proper number of applications, and the most effective

manner of applying them, were conducted on small and large scales

under natural bog conditions. Forty per cent nicotine sulphate at

the rate of 1 part to 800 parts of water, with the addition of fish-oil

soap at the rate of 2 pounds to every 50 gallons, used at the rate of

about 300 gallons to the acre, was found to be the most effective spray

material against the fireworm. Forty per cent nicotine sulphate,

used at the rate of 1 part to 1,000 parts of water with the addition

of fish-oil soap, 2 pounds to every 50 gallons, was nearly as effective.

Nicotine oleate made by mixing 2^ parts of a solution containing

40 per cent free nicotine with If parts of commercial oleic acid, or

red oil, and used at the rate of 1 part to 400 parts of water, applied

three times at the rate of about 300 to 400 gallons per acre, was found

nearly as effective as 40 per cent nicotine sulphate 1 to 800 with fish-

oil soap 2 to 50, applied three times at the minimum rate per acre.

Arsenate of lead proved of little or no value in the control of the

fireworm. Fish-oil soap, 2 pounds to 50 gallons of solution, was a

much better spreader for spray solutions on cranberry foliage than

glue, which was used at the rate of 1 pound to 200 gallons. One com-

pound containing a high percentage of crude carbolic acid and usually

employed as a disinfectant gave little or no control.

Demonstration spraying experiments were conducted in which 40

per cent nicotine sulphate 1 to 800, with fish-oil soap 2 pounds to 50

gallons, was used. Four applications on McFarlin vines, in which

the eddy-chamber mist type of nozzle was used, gave the best results,

producing the largest yield of berries and the highest percentage of

berries free from fireworm injury.
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The spray gun, used in spraying McFarlin vines four times, gave

the next highest yield, but the third highest percentage of uninfested

fruit of this variety.

The results of four applications with the Bordeaux type of nozzle

on the McFarlin variety ranked third in yield and second in per-

centage of uninfested McFarlin berries.

No very definite conclusions based on yield can be drawn from the

experiments of spraying on the Howe variety on account of injury by

the fireworm on the plats in 1918 and frost in the spring of 1919. Of
the Howe plats receiving three applications, however, the one sprayed

with the Bordeaux type of nozzle resulted in the highest percentage

of fruit free from fireworm injury, that sprayed with the mist type

of nozzle was second, and that with the spray gun was third.

Four applications with the spray gun on the Howe variety gave the

highest percentage of uninfested fruit of all the plats on which the

spray gun was used.

Generally speaking, four applications gave better results than three.

On bogs that can be reflowed, a complete covering of the vines with

water for not less than 48 hours during the middle or latter part of

May is recommended as a help in the control of the fireworm. Since

most of the bogs on the Pacific coast, however, are managed as dry

bogs, spraying with 40 per cent nicotine sulphate 1 to 800, with the

addition of fish-oil soap at the rate of 2 pounds to every 50 gallons,

is recommended as the most feasible method of control of the black-

head fireworm in that locality.

Between 250 and 300 gallons of this material should be used per

acre. In making up the nicotine sulphate spray, the fish-oil soap

should be mixed with about half the quantity of water and the re-

quired amount of nicotine sulphate added with the remainder of the

water to prevent the formation of a precipitate which decreases the

effectiveness of the spray solution and which might also clog the

nozzles and possibly injure the vines. This spray solution can be com-

bined with Bordeaux mixture or lime-sulphur in the usual propor-

tions, in which case the process of mixing is the same as though water

Avere used. No soap, hoivever, should he added if the 7?iixture contains

lime-sulphur. The large eddy-chamber type of nozzle, throwing a

medium fine mist, at a pressure of about 200 pounds at the tank, should

be used ; other types of nozzles may not only give unsatisfactory re-

sults but may also injure the blossoms. The spray gun should be em-

ployed only on lightly infested bogs.

Vines which are lightly infested should have three applications of

the nicotine sulphate spray, the first one when the new upright growth

has reached a length of about three-fourths of an inch, the second

when the blossoms are in the early " hook stage,'' and the third when

the vines are in full bloom.
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Heavily infested vines should have all of these three applications

at the times mentioned and an additional fourth application during

the first two weeks of July. In the application of this last spray an

effort should be made to hit as many moths as possible with the spray

solution.

A r)0-gallon barrel outfit on wheels, with a strong pump, will be

found desirable for small bogs. For bogs larger than several acres in

area, power outfits should be used.

In making the applications great care should always be exercised

to prevent injury to the vines.



SYSTEMATIC DESCRIPTION OF RHOPOBOTA NAEVANA HUBNER.

By Carl Heinrich. Biircaii of Eniomoloyy.

SYNONYMY.

Tortrix naevana Hiibner, in Samm. Eur. Sclimett., v. 5, Tort., pi. 41,

fig. 261. 1S14.

Tortrix unipinictaiui Haworth. in Lep. Rrit., p. 4.")4, 1812.

LUhogruphia (jniii)}(ni<i Stepliens, in List Brit. Mus.. Ft. X, Lep., p. 99,

1852.

? Sciaphila luctiferfinn Walker, in Cat. Brit. IVIiis.. Lep.. .ser. 6. pt. 28.

p. 342, 1868.

Anchylopera vacciniana Packard, in Guide Stud. Ins., p. 338, 1869.

Rhopobota naevana Staudinger and Rebel, in Cat. Lepidop., aufl. 3,

theil 2, p. 127. 1901.

EiKJcmis vacciniana Dyar, in List No. Anier. Lepidop.. p. 466, no. 5238,

1902.

Rhopobota naevana Dampf, in Iris, bd. 21. p. 304-329, 1908.

GENERAL CHARACTERS.

Adult.

Plate I, A; I'late II, A, B, C.

Thorax smooth. Forewing smooth ; termeu deeply concaved between veins

4 and 6 ; apex pointed but not falcate ; 12 veins ; 7 and 8 stalked ; 10 from cell

midway between 9 and 11 ; 9 approximate to 8 ; 11 from cell at or just before

middle of cell ; upper internal vein of cell nearly obsolete, when distinguishable,

from between 9 and 10 ; 3, 4, and 5 closely approximate at termen ; 2 bent up

slightly at outer third ; costal fold in male absent. Hindwing with 8 veins

:

6 and 7 approximate toward base ; 3 and 4 stalked ; male with a shading of

coarse black scales on underside of wing along upper vein of cell. Male

genitalia as figured ; harpes undivided, with rudimentary elasper present and

on outer surface just above lower margin a row of rather long, stout spines

;

uncus present, bifurcate, arms widely separated, rather short, weakly chitinized

and slipper shaped ; gnathos reduced and fusing with socii ; socii greatly

developed, porrected, extremities meeting in hairy knoblike projection

;

aedoeagus .straight, moderately long, fairly stout.

Pupa.

Plate I, B, C.

Slender, abdominal segments gradually tapering; a double row of spines on

dorsum of abdominal segments 3 to 6 inclusive, a single row on abdominal

segments 2, 7, 8. 9, and 10 ; first abdominal segment smooth : wings extending

to or slightly beyond ventro-caudal margin of fourth abdominal segment

;

cephalic end bluntly rounded ; vertex distinct, as broad as prothorax ; labrum,

mandibles, and maxillary palpi well developed ; maxillary palpi extending to

proximo-lateral angles of niaxill.ie ; maxilhe less than half the wing length;

labial palpi half the length of maxillre ; prothoracic femora and mesothoracic

42
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(•(ixje exposed: antennjo and iiiosotlidracit' legs not ivacliiiii; to end of wiugs

;

several strong sette on tenth abdominal segment ; a pair of stout setae on each

side of anal rise; anal rise unarmed; body set:e otlierwise weak and hardly

distinguishable; spiracles slightly n-duced ; anal and genital openings slitlike

in both sexes; cremaster absent.

Labva.

Plato II. I>: IMate III. A-C, E-G.

Cylindrical, slender, very slightly tapering at caudal end. Xo secondary hair.

Legs and prologs normal. Crochets uniordinal, in a complete circle. Anal

fork present, retluced. Prothoracic shield broad, divided. Spiracles round,

moderate; that on eighth abdominal segment slightly higher than those on

abdominal segments 1 to 7, not over one and one-half times as large, same size

as that on prothorax. Skin evenly and appreciably scobinate.

Body set.ip moderately long; tubercles broadly chifnized ; IV and V on

al)dominal segments 1 to 8 under the spiracle and approximate; prespiracular

shield of prothorax elongate, large, bearing three setre (III, IV, and V) in a

longitudinal line
;
group VI bisetose on prothorax, unisetose on mesothorax

and metathorax, greatly reduced and closely approximate to IV and V on

abdominal .segment 9 ; III antero-ventrad of the spiracle on eighth abdominal
segment, directly over the spiracle on abdominal segments 1 to 7 ; Ilia not distin-

guishable ; on thoracic segments 6 setje in group VII ; VII bisetose on abdominal

segments 7, 8, and 9 ; ninth abdominal segment with 9 setse in a nearly vertical

line, paired setre of group II close together on same chitinization on dorsum,
I and III closely approximate; on abdominal segments 1 to 8 II latero-caudad

of I; prothorax with II" slightly higher than r, closer to 11" than to I"", 11"

above the level of puncture z ; I" nearer to puncture z than to I'', 11" about equi-

distant from I" and I"", puncture y directly caudad of I", puncture x dorso-

caudad of I^ and on the level of 11^.

Head capsule spherical, nearly square in outline viewed from above ; slightly

wider than long
;
greatest width well back of middle of head ; incision of

dorsal hind margin slight, about one-fourth the width of the head; distance

between dorsal extremities of hind margin about half the width of the head.

Frons broad, triangular, longer than wide, reaching beyond middle of the head.

Adfrental sutures extending to incision of dorsal hind margin. Longitudinal

ridge very short, less than one-third the length of the frons.

Ocelli six ; lenses well defined.

Epistoma normal.

Frontal punctures close together ; well forward of frontal setre ; distance

from frontal seta (F^) to first adfrontal seta (Adf*) about equal to distance

?-"eparating adfrontal setfe (Adf and Adf^) ; Adf anterior to beginning of longi-

tudinal ridge; puncture Adf" between and about equidistant from Adf and

Adf.
Epicranium with the normal primary set^e and punctures and with a row

(if three ultraposterior setfe and one puncture. Anterior setre (AS A^, and A')

in a line with lateral setae (L^) ; anterior puncture (A") closely approximate

to and posterodorsad of A'. Posterior setre (P' and P^) and puncture (P")

in a line with first adfrontal seta (Adf) ; P^ about middle of head, on the

level of adfrontal puncture and lateral seta (L*) ; P" between and about ecpii-

distant from P^ and P^; puncture P* lying between P^ and L\ approximate to

tlie latter. Lateral puncture directly posterior to L\ remote. Ocellar .set.-e

(0\ OS O*) well separated, forming a right angle; O' lying below and between

ocelli II and III ; O' postero-ventrad of ocellus I, in a line with ocelli I and II
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and seta A^; O^ ventrad of 0^ remote; ocellar puncture not distinguishable.

Subocellar setfe (S0^ S0^ and SO') triangularly placed; puncture SO" ap-

proximate to and equidistant fi'om S0° and S0^ Genal puncture (G") anterior

to the seta (G').

Labrum with median incision broadly triangular, rather shallow; median
setfe (M\ M'\ M") triangularly placed; I\P postero-laterad of ]\r and closer to

M* than to M"; La^ directly posterior of and approximate to La^ behind the

level of M^ ; La* on the level of M* ; La' and M^ on the same level near anterior

margin of labrum
;
puncture approximate and posterior to M'.

Epipharyngeal shield narrowly bordering the median incision, not sharply

defined. Epipharyngeal set;x' triangularly grouped, rather close together, nar-

row, moderately long. Epipharyngeal rods indicated only by their short posterior

projections.

Eggs.

Plate III, D.

Oval, flat, scale-like, iridescent ; deposited singly.

SPECIFIC DESCRIPTION.

Adult.

Palpi brownish on outer sides, grayish white on inner and upper sides. Face

and head grayish, more or less suffused with fuscous. Thorax fuscous. Fore-

wings grayish, cross-marked with fuscous or, in some specimens, dark reddish

brown ; the brown area forming an outwardly angulated basal patch some-

what marked with gray or whitish scales and covering the basal third of the

wing; a similar brown suffusion forming an ill-definrd fascia extending from

just beyond middle of costa to tornus, considerably wider on dorsum than on

costa ; a narrow brown terminal line, following the contour of termen and

broadening at apex to a distinct brown spot ; a fainter angulate brown line

from costa dividing the ocellus ; on costa six or seven pairs of short, somewhat

obscure, white geminate marks separated by distinctly brownish shadings;

ocellus metallic gray with longitudinal markings. Hindwings fuscous. Legs

fuscous with inner sides white or grayish and tarsi annulated with white.

Alar expanse, 9-14 mm.
PTJPA.

Length, 5-6 mm.
;

yellow or yellowish brown, not appreciably darker

at extremities but with sutures and caudal margins of abdominal segments

brown ; dorsal abdominal spines brown, arranged as shown in Plate I, C.

Larva.

When full grown, 10-11 mm. long by 1 mm. broad. Body sordid white;

the scobination blackish, giving the entire larva a pale smoky fuscous color;

chitinized areas about body tubercles white except on prothorax where they are

dark brown, in some specimens almost black ; thoracic shield brown or blackish

brown ; median dividing line pale yellow ; chitinized parts of thoracic legs

black or blackish brown ; anal shield yellowish ; anal fork two-pronged, small

and easily overlooked ; body hairs brown ; crochets 36-42, brown, weaker at the

cephalic end of the circle and increasing in length toward the caudal margin

where the longest are over twice as long as the shortest at the anterior margin

(PI. Ill, C). Head yellow, more or less suffused with dark brown, especially

on ventral side; a distinct brownish patch at posterior lateral angle of epi-

cranium ; chitinized parts of trophi black or blackish brown ; ocellar pigment

black, continuous under the ocelli ; lenses white.
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Egg.

Shining grayish white; entire snrfjice finely and evenly faceted, smooth.

This species has appeared in our economic literature and lists under

the name vaccmiana Packard, and has been held to be an American
sjjecies distinct fiom the European naevana Hiibner, althouo^h the

synonymy has been long suspected. A careful comparison of the

genitalia and external characters of the two shows them to be one

species. Another American sj)ecies, Ejrinotia ilicifoUana Kearfott,

also should be referred to the genus Rhopobota as a variety of

R. iKieimiia. In genitalia it is identical but differs somewhat in pat-

tern. Dampf , in a very excellent study of their genitalia, has shown
the synonymy of the two European forms naevana Hiibner and
(jeminana Stephens.

The larva of Rhopohota naevana is easily confused with another

cranberry feeder, Peronea minuta Robinson, which it superficially re-

sembles. The latter, however, can be at once distinguished by the ar-

rangement of setse I, II, and III on the ninth abdominal segment and
its different anal fork. In R. naevana I and III are closely approxi-

mated and on a single chitinization and the anal fork is two-pronged

and very small ; whereas in P. minuta. I is w^ell separated from III,

about equidistant from both II and III, and both I and III are on

separate chitinizations and the anal fork is five or six pronged, large,

and rather conspicuous.

EXPLANATION OF PLATES.

Plate I.

Rhopobota iiacrana:

A.—Adult. C.—Pupa, dorsal view.
B.—Pupa, ventral view.

Explanation of symbols applied to pupa.

a = antenna.
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Explanation of symbols applied to genitalia.

Ae = sedoeagus. Hp = harpe.
An = anellns. Si = socii.

CI = clasper. U = uncus.
Cn = cornuti (spines on penis). Vm = vinculum.
Gn = gnathos.

Plate III.

Rhftpohotii nacvaiin:

A.—Dorsal view of head capsule of larva, showing setal arrangement.

B.—Lateral view of head capsule of larva, showing setal arrangement.

C.—Arrangement of crochets of abdominal proleg of larva.

D.—Egg, greatly magnified.

E.—Ventral view of tenth abdominal segment of larva, showing anal fork.

F.—Labrum of larva.

G.—Epipharynx of larva.

Explanation of symbols applied to larva.

A\ A^ A^ A''=set8e and puncture of anterior group of epicranium.

Adf^, Adf', Adfa=adfrontaI setji^ and puncture of epicranium.

ADFR=adfrontal ridge of larval head.

ADFS=adfrontal suture of larval head.

Af=anal fork.

E\ E^=epistomal setae.

ER=eplpharyngeal rod.

ES=epipharyugeal shield.

ET=epipharyngeal setse.

F\ F''=frontal seta and puncture of eiticranium.

FR=frons of epicranium.

G^ G*=genal seta and puncture of epicranium.

L\ L''=seta and puncture of lateral group of epicranium.

La\ La^ La^=lateral setae of labrum.

Lp=labral puncture.

LR=longitudinal ridge of epicranium.

M\ ]\r, I\f=median setPe of labrum.

OS OS 0'= setae of ocellar group of epicranium.

PS PS P", P''= setae and punctures of posterior group of epicranium.

SOS SOS SOS S0''=set8e and puncture of subocellar group of epicranium.

X=ultraposterior setae and puncture of epicranium.

Drawings on Plates I, II (except C), and III were made under the author's,

supervision by Miss E. Edmonston, of the Bureau of Entomology. The male
genitalia (PI. II, C) were drawn by Miss Ada F. Kneale, formerly of the Bu-
reau of Entomology.
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INTRODUCTION.

The red spider 7'etranychus yothersi McG. is one of the fore-

most enemies of the avocado and attacks a number of other plants

;in(l fruit trees in Florida. It was recognized by avocado growers

as an important enem}^ of this fruit as early as 1909, and since that

time the damage caused by it has become more pronounced each

year. This bulletin records the work with this spider during the

3'ears 1918 and 1919 and the results of cooperative spraying experi-

ments in connection with the station established by the Bureau of

Entomology in 1917 at INIiami, Fla., for the investigation of various

insect enemies of the avocado and other subtropical fruits character-

istic of that region.

ECONOMIC IMPORTANCE.

In groves where the rod spider is abundant the trees frequently

become defoliated prematurely during the winter season. This

generally results in an abnormal development of bloom the following

spring and the weakened trees are unable to set and hold a full crop
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of fruit. To sustain the bloom and aid in the setting of fruit the

older foliage should remain on the trees until a sufficient amount of

new growth apparently arising from the inflorescence (fig. 1) has
been produced in the spring to take its place.

NATURE OF INJURY TO FOLIAGE.

The red spider punctures the leaves and sucks the contents, forming
white s])ots at the point of attack. As these feeding punctures and

Fk;. 1.—Avocado blossom cliistei' with older loaves which sustain the bloom,
and devojoping new growth.

resultant white spots become more in evidence a gradual burning and
reddening of the foliage results, as if scorched by fire (PI. I, A, B).
The foliage so attacked soon falls, ijrivinir the tree a naked appearance

(fifr.2).

FOOD PLANTS AND DISTRIBUTION.

This red spider was first named and described by E. A. McGregor ^

from specimens on camphor {Cinnamomum camphora) leaves sent

1 McGregor, E. A. I-quk new tetu.\nvchids. In Ann. Ent. Soc. Amer., v. 7, no. 4.

p. 355-3.57, 1914.
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The Red Spider of the Avocado

A, Avocado leaf with characteristic reddening and scorched appearance caused by
the red spider ; B, Uninjured avocado leaf.
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hini in 1914 by AV. AV. Yothers, of Orlando, Fla. The writer has foun I

it attackinfi^ both the West Indian and Guatemalan varieties of

avocados [Persca grutlssbna), bein<ij particularly injurious to the

more tender West Indian types. It occasionally causes consideraljle

injury to the man<ro {Mangifem Indica) and in many sections of

northern Floiida to the camplior and Australian silk oak {frrevillea

Fig. 2.—Defoliated avocado ti'oe during midwinter, tlie result of attacks mi
foliage by tlie red spider.

robusta)^ to the folia<re of which it imparts the same discoloration

tliat it causes to the avocado. It has also been collected in Florida on
a species of eucalyptus {Eucalyptm sp.). In addition to these liost

])lants, the writer has at times collected the red spider on Termhuilhi
arjuna, Annotia squamosa^ Cucumis safivus, and Icacorea paniculata—
the latter a plant <i:roAvino: quite commonly in the hammocks of south-

ern Florida.
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Mr. E. A. McGregor reports it as attacking also the Aijierican elm

(Uhnus americana) and tAvo other A'arieties of elm {Ulmus spp.),

the willow {Saliie sp.), the white oak {Qu€7'cus alba), and the pecan

( Ilicoria fecan). at Batesburg, S. C. He records it also on elm
( Ulmus

p.) from Columbia. S. C, and Laurinbiirg, N. C. These records in-

uicate a probable wide distribution of this red spider through the

'"outh. In Florida the Avriter has found this species along both the

( ast and west coasts, including Miami Beach, Miami, Biscayne Key,

Homestead, West Palm Beach, Florida City, Fort Myers, Braden-

town, Oneco, and Winter Haven.

DESCRIPTION AND HABITS.

THE ADULT FEMALE.

In appearance the adult female (fig. ;>, /) is similar to most red

spiders which attack various other crops. It is small, of a rusty red

'(1 spider : (i. h. Egg; c, larva

nymph
; f, iulult female.

first nymph ;

color, aA^eraging 0.30 mm. in size. The abdomen joins the cephalo-

thorax, formed by the fusion of the head and thorax, at its full width

and extends over the portion to which the posterior pair of legs is

attached. The body and legs are covered with bristles.

THE MALE.

The bodj^ of the male is slender and pointed toward the tip of the

alnlomen and is somewhat smaller than that of the female. The legs

are slightly darker and longer than those of the female. The eyes

are red and somewhat more conspicuous than those of the female. It

averages 0.22 mm. in length.
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The e<r^ (fij;. 8, a, h) is <rlobose in shape, smoky amber in color, and
bears a stalk at its apex, (iiiy fibrils are occasionally seen connectiniz

the e»g, with the leaf.

The eggs are deposited singly and when the leaf first becomes ir-

fested are generally found located along the midrib at the base of the

leaf. As the activities of the mites increase with succeeding genera-

tions, the eggs may be found scattered over the entire leaf.

The incubation period varies according to the temperature and gen-

eral climatic conditions. (See Table 1.) During midwinter, with

mean daily temperatures bctAveeii (50^ and 70° F., incubation leciuirc-^

from 7 to 11 days. During April and May the incubation ])eriol

averaged from 4 to 5 days with mean temperatures between 70° and
80° F., in rearing experiments with this sjiecies. In hatching, the

shell of the e^^ splits more or less completely around and the lar^a

easily extricates itself. During the height of the red spider season

leaves will be observed heavily covered with hatched egg.shells which

adhere to the leaf and impart to it a Avhitish cast.

Taki.e 1.— Lcngtli of the rf/f/ stadiiiiii.

No.
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Tablk 2.

—

Length of the larnil stadium.

No.
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Table 4.

—

L<'H(/th of the second nii)i\i>h(il siddiiiDi.

No.
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occuiTiiig' during: the red spider season also interfere with the regu-

larit}' of the generations. Activit}' of the red spider usually com-

mences during the latter part of August and ceases the first part of

April, giving an active season of about 240 days. The average dura-

tion of the life cycle is 14,2 days, which w^ould give 17 generations.

This would be true where no interruptions due to climatic condition.^

occurred, and when no other factors interfered with the normal activi-

ties of the mites in the field.

Slieddlrig of the foliage.—During the winter months the foliage

may be termed " dormant," no new growth being present on the trees.

Usually during the latter part of March and April the avocado com-

mences to bloom and the older leaves, which have servetl their purpose

to the trees, commence to fall. With the shed leaves man}^ mites are

lost and do not regain positions on the trees. During the latter part

S£l/£ff£m
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(Fi<j:. 5.) Durin<^- the summer in Florida (lrenrliin<j: and frequent

rains usually prevent the red spiders from establish in<r themselves

on the trees. Durino- late fall and winter and early s[)rin<i: it rains

seldom, and the interference with the activities of the led s[)i<lei" is

slight.

PREDATORY ENEMIES.

A number of predatory enemies of the avocado red spider aid at

various times in keeping down the species on the avocado to a small

degree.

/A/CHES
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possess powerful jaws with which they attack their prey. This

species is quite beneficial.

Sci/mnus utills Horn.—The most important enemy of the red

>pider found up to this time is a very small black ladybird beetle

Fig. 6.

—

ffrnmniis vtilis: Larva ; b, pnpa ; c. adult. Greatly enlarged.

(fig. 6. c) about VtT-iiich long. With the beetles may be found their

dark brown larvae (fig. 6, a), also feeding on all stages of the red

spider.

Scymnu-'< HnzeH Casey is another ladybird beetle found feeding in

both the larva and adult stages on the red spider. It is larger than

Fic. 7.

—

Li'ptothrips malt: Adult thrlps. (Jreatly enlarged.

the former, the abdomen is black, and the head reddish. It is not

a very abundant species and is not as beneficial as the former beetle.

Leptothrips mali Hinds is a large black thrips (fig. 7) predatory

in both the larva and adult stages, and when present is very active



THE RED SPIDER OX THE AVOCADO. 11

on the f(>lia<re in scmicIi of \V(\ spiders. It is not very ahnndant ut

any time.

SPRAYING EXPERIMENTS.

A number of insecticides have been tried out to ascertain their rela-

tive merits a<rainst the avocado red spider. The experiments were all

conducted cooperatively with irrowers and in frrove.s where the mite

was abundant.

-Power duster iu optratiou using .-ulphur duit againftt the itd sijidi

avocado grove.

SULPHUR DUST.

An impalpable sulphur dust was tested on both the West Indian

and Guatemalan races of avocadoes. In applying the material a

power duster (fig. 8) was used. The sulphur proved to be very

effective against the .species, killing 99 per cent of the spiders, and
remaining effective on the foliage over as long a period as did any of

the liquid sprays tested. Experiments with this material showed that

it was not necessarj' to apply the sulphur dust when the foliage was
wet with dew. TThere an avocado grower has a large acreage and
the red spider is the only serious enemy to contend with, the dusting

method is very practical and by far the quicker method. At the

present time, however, the avocado grower has other insect pests with
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Avhich he has to contend, making it necessary to use liquid insecticides

in combination with^a sulphur spray in some form for their control.

Up to this time the writer has not found it practical to use a combina-

tion of sulphur dust and 40 per cent nicotine sulphate against the

insects of the aA'ocado.

LIME-SULPHUR CONCENTRATE.

In using lime-sulphur concentrate spray on the avocado a number

of strengths were tried, e, g., 1 gallon of concentrate to 40 gallons

of water, 1 to 60, and 1 to 75. In spraying with lime-sulphur solu-

tion it was found through actual count that nothing is to be gained in

applying too strong a solution of lime-sulphur to red spiders on the

avocado. A strength of 1 gallon of the concentrate to 60 gallons of

water proved to be the most efficient, generally killing 99 per cent

of the spiders and producing sufficient body as a spray on the foliage

to remain effective during the dry season against later hatching

young. Under certain conditions applications of 1 to 40 and 1 to 60

were too strong, and considerable damage resulted to the foliage from

burning, especially on the south side of the trees. When the tem-

perature is above normal during the winter season, or when the trees

do not attain a thoroughly dormant condition, a strength of 1 gallon

of the concentrate to 75 gallons of water was found satisfactory. It

was also ascertained that it is not necessary to incur the extra expense

of adding a spreader of lime-sulphur spray, such as flour paste, glue,

or fish-oil soap, because good results were obtained without it.

COMMERCIAL SODIUM SULPHID.

Commercial sodium sulphid was used at a strength of 2 pounds to

50 gallons of Avater. It was ascertained that this spray killed approxi-

mately 95 per cent of the red spiders present. Because of its chemical

composition, however, the spray did not dry thoroughly on the foli-

age. The hydroscopic condition so formed permitted the spray cover-

ing the eggs and foliage to be readily washed off by suci^eeding rains,

and nothing remained to destroy the hatching young.

NICOTINE SULPHATE CONTAINING 40 PER CENT NICOTINE.

At times the red spiders make their appearance during the fall

l)efore the fruit is picked. At this time it is not advisable to use

any of the sulphur sprays, as they adhere to and discolor the fruit.

By using 40 per cent nicotine sulphate at the rate of 1 part to 900

parts of water, Avith the addition of 2 or 3 pounds of fish-oil soap to

each 100 gallons of the diluted spray as a spreader, satisfactory re-

sults Avere secured. The spray, however, proved to be effectiA-e only
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temporarily, iis none remained on tlie foliajre to destroy the young

on hatchin<:^.

SPRAY ROD VERSUS SPRAY GUN.

In making a comparison of the spray rod (fig. 9) and tlie spray

gun (figs. 10 and 11) it was found that the latter gave better satis-

faction against the red spider. Where an orchardist is short of help

considerable benefit can be derived by using the spray gun, as the

spVay operator can cover the ground much faster than wlion using

with ypray rod>

the spray rod. As the red spider Avorks on the top of the foliage the

operator can stand off a short distance from the tree, and Avith the

use of the spray gun can spray from the bottom to the top of the

tree by turning the handle of the gun which changes the spray from

the fan or fog spray (fig. 10) to a long-distance spray (fig. 11).

The writer has found that growers in using the spray gun often

neglect to change the disk in the nozzle frequently enough and won-

der why they can not maintain sufficient pressure while sprajung.

The operator should watch the opening of the disk in the nozzle of

the gun, and should replace it when it is worn.
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CULTURAL METHODS IN THE GROVE.

Clean culture does not pla}' an important part in the control, as

this species does not infest weeds or plants in or about avocado
groves. Orchards mulched in various ways in southern Florida

Avere found to be less infested with the red spider as a rule than those

where clean culture was practiced. The avocado seems to thrive

better where mulching is practiced and the moisture is conserved.

Red spiders generally like dry conditions such as are afforded in

Fig. 10.—Spraying in an avocado grove witli spray gun, using the fan -or big fog spray.

groves where clean culture is followed. This is especially evidenced

in seasons of drought during the year.

One factor which influences greatly the abundance and appearance

of the red spider in a grove is the vitality of the trees. Nothing is to

be gained by allowing trees to suffer from want of proper attention

in the way of mulching, plant foods, and culture. Where growers are

in doubt about the proper procedure to use in caring for their avocado
trees, they should get in touch with either the Plant Introduction

Garden maintained by the United States Bureau of Plant Industry

at Miami, Fla., or their particular county agent.
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RECOMMENDATIONS.

The presence of the avocado red spider on tlie trees in considerable

numbers while the folia<2:e is still green should be a suflicient indica-

tion of impending injury to cause the grower to begin immediate

application of control measures. The grower should not wait until

the foliage attacked becomes noticeably brown prematurely and

begins to drop.

During the winter after the fruit has been picked use tiie liquid

lime-sulphur 1 to 60. When the temperature is above the normal and

the trees do not attain a thoroughly dormant condition the liquid

liuu'-sulpliur should be reduced to 1 to 75.

I'k;. 11. -Spray ill- iu an avocado ^love with spray gun, uain'j; tln' Ion- (ii>taiicc spray.

If the red spiders are present while the fruit is still unpicked in

the fall, 40 per cent nicotine sulphate 1 to 900, with the addition of

2 or 3 pounds of fish-oil soap to each 100 gallons of the diluted spray,

will give temporary relief and will not discolor the fruit.

Thorough application is a most essential point in combating the

red spider.—If haphazard work is performed and much of the

foliage left unsprayed, such infested foliage serves as a source of
reinfcstation to the tree, and the mites will be more in evidence after

application than when thorough work has been done.
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considered it a new species and gave it the name F. citropMlus.

During the first four years various measures of control were tried

by the growers and county and State officials without any marked
success; in fact, the infested area continued to increase rapidly and
the infestations became more severe.

The importance of this pest to the citrus industry and inability to

control it led, in the summer of 1917, to a request for the United

States Department of Agriculture to take up the problem, and the

investigation w^as immediately started. Effective control methods

were worked out in 1917 and 1918 and were generally employed
throughout the infested area during 1919.

Fig. 1.—Present known distribution of the citrophilus mealybug (Pfieudococciis gahani)
In Southein California.

HISTORY AND DISTRIBUTION.

Definite records of the introduction of this mealybug into South-

ern California are lacking, but a study of its earliest occurrence and

spread would indicate that it was brought in on some ornamental

plants imported into Upland during 1910. The infestation of about

3 acres at the time of the first records (1913) had spread by the fall

of 1915 to twice that area. By 1917 approximately 600 acres were

infested, but since that time its spread has been greatly retarded by

control means, though a few small infestations outside of the control

area have been noted (fig. 1).

Shortly after the discovery of the Upland infestation the pest was

found in Pasadena and has now become distributed over a consider-
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able area in the northern jiart of the city. In 11)10 over 100 acres of

citrus were found to be infested at Riverside, and at the present time

this infestation covers approximately 250 acres. Smaller infestations

are recorded at Cucamonga and Alhambra on citrus. It is reported

at Long Beach and Los Angeles on ornamentals and occurs in the

northern part of the fetate in the San Francisco Bay region.

There is little probability of distribution by natural travel as the

insect remains close to its host. The more important means of dis-

tribution are the picking boxes, picking sacks, clothing of the pickers

and pruners, t^anis, wagons, and ladders; of slightly less importance

is distribution by wind, birds, and insects. Several new infestations

have been definitely traced to distribution through picking boxes pre-

viously used to transport infested fruit.

ECONOMIC IMPORTANCE.

In a severe infestation the mealybug not only masses on the twigs

and foliage but also on the fruit. These masses may even cover from
one-half to two-thirds of the surface and hang down in cottony fes-

toons from the bud end. Such masses are common on severely in-

fested lemons and on navel oranges, in the case of the latter particu-

larly at the navel end. Where two fruits touch, a similar favored area

of infestation is formed, especially on grapefruit and lemons. On
young green fruit the immature forms crowd under the sepals, weak-

ening the supporting tissues and influencing premature drop. The
insects are also found in numbers on the young succulent new growth

and sucker growth.

They secrete a honeydew which falls to the foliage or fruit below

and in this medium grows a black fungus commonly known as

" smut." The fruit and foliage become so black with this deposit as

greatly to retard their development and to necessitate a special wash-

ing before the fruit can be packed.

The combination of the attack of the insects under the sepals and

the deposit of " smut " frequently causes a heavy dropping of young,

green fruit and also of the mature fruit, if held long on the trees.

The deposit on the foliage results in a heavy leaf drop, often an

almost complete defoliation of the tree. The feeding of the insects

on the fruit destroys its natural gloss and often causes deep brown
pittings in the rind which seriously affect the grading of the fruit.

One packing-house manager reported a lowering of the grades from

one severely infested orchard of from 30 to iO per cent of the highest

classed fruit. The lower grades are also seriously affected and fre-

((uently fall to culls, or unmarketable fruit. Severe infestations on

lemons have been known to result in an almost complete loss of the

crop, the fruit grading as culls.
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HOST PLANTS.

The citrophilus mealj-biig is of importance commercially prin-

cipally because of its infestation of citrus plants. The insect does

occur, however, on a large number of other plants, principally orna-

mentals, upward of

30 different species

being listed as hosts.

On the citrus fruits

it possibly shows its

most rapid develop-

ment on lemons, fol-

low ered by grape-

fruit, navel oranges,

and Valencia or-

anges, in the order

given. It has been

observed to develop

very rapidly on the

rhubarb, potato,

:evillea, walnut, grape, and on species of Coleus and Pittosporum.

Fig. 2.—The citrophilus mealybug
the female.

Immature stages of

DESCRIPTION AND LIFE HISTORY.

The synonymy of the citrophilus mealybug was first correctly de-

terminated by G. F.

Ferris in August of

1919.^ As stated, this

insect was first con-

fused with the com-

mon mealybug and

later, by Essig, with

Baker's mealybug.

Clausen, in Septem-

ber, 1915. noted cer-

t a i n differences in

him to describe it as

characters which led

a new species {P. cit-

rophilus) but Ferris

found that the same

insect had been de-

scribed by Mr. E. E. Green during May, 1915, as P.

specimens taken from Rihes sanc/uinea in London, England. Un-

FiG. 3.- -The citrophilus mealybug

:

female.

Mature stages of the

from

« Ferris, G. F.

Jour. EcoD. Ent., '

Observations on some mealy-bugs (hemiptera ; coccidae).

12, no. 4, p. 292-293. 1919.
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fortunately the scientific name citropkilm had been adopted as the

common name long before the correct determination was given.

The eggs are deposited in a flocculent mass behind the adult female

and may number up to 1,000, though from 500 to 600 is the average.

The period of incubation during the warm season is from 7 to 10 days.

Except in size, the larvae are similar to the adult in appearance

after tlie first molt and pass through three molts before reaching

maturity. The characteristic arrangement of the wax is not strik-

ingly noticeable until after the third molt. The immature stages of

the female are illustrated in figure 2, the mature stages in figure 3.

The following description of the adult of Pseudococeus gahani is

by Mr. E. E. Green

:

'

Adult female thickly coated with greyish-white mealy secretion, which is

thinner in the folds of the segments and in the depressed areas. These de-

pressions are in four more or less confluent longitudinal series which are more

marlved on the posterior half of the body. The darker color of the insect show-

ing through the mealy covering at these spots, produces a distinct symmetrical

pattern. There is a complete marginal series of 33 short conical waxy processes,

an anterior and posterior pair being usually larger than the others. On each

side of the anal orifice is a much longer, broadly laminate process which is

transversely curved and spirally twisted, and between these is a pair of

shorter processes, which together form a tube. Antenna, 8-jointed, the 8th

longest ; first joint strongly developed, approximately as long as it is broad

;

antennal formula (excluding 1st), 8 (3,2), (5,4,6,7), the last four being

only approximately equal and varying slightly in their relative positions in

the series. Limbs well developed ; tarsus approximately half the length of the

tibiae. Eyes prominent. Mentum distinctly biarticulate; longer than broad;

terminal joint longest, acutely pointed. Dorsal glandular pits present but rather

inconspicuous. Anal ring "large and conspicuous, with six long stout setae.

Anal lobes broadly rounded ; only slightly prominent ; more strongly chiti-

nized than the surrounding parts, the margins of the chitinous area sharply

defined ; each with two stout conical spines, several fine hairs, some conspicuous

circular pores, and a terminal seta which is approximately equal in length to

those of the anal ring. Margins of segments, each with a small protuberance,

bearing similar spines, pores and hairs, all of which become smaller and less

conspicuous as they approach the anterior extremity. Derm with scattered,

small, and inconspicuous pores. Many longish hairs on under-surface of head.

Length, 2.50 to 3 mm. Breadth, 1.25 to 1.50 mm.
Adult male similar in appearance to that of Ps. citri. Length, 1..50 mm.
Though the structural characters agree somewhat closely with those of citri,

the general appearance of the living insect is strikingly different, and it is of

a mnch more active habit. * * *

Mr. Gahan observes that the insect, when irritated, exudes " a claret col-

oured liquid in round drops, two close to the head end and two at the tail end."

The exudation evidently emanates from the glandular pits that are present in

the positions indicated. He further remarks that the " dark-coloured secre-

tion soon dries, looking like a small balloon. The liquid hardens into a solid

substance which resembles lac or something of a similar nature."'

'' Gbeen, E. E. Observations on British coccid.a.e in 1914, with descriptions of new-
species. In Ent. Mo. Mag., v. 51, p. 179-180. 1915.
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SEASONAL HISTORY.

A most important feature in the biology of this insect was deter-

mined by observing the habits of the insect during the spring migra-

tion. The females, which during the winter have developed almost

to maturity on the twigs, foliage, and fruit, migrate, in the spring,

down the limbs to the trunk to oviposit. This migration usually

begins during the early part of April and continues throughout the

month of May. It is estimated that over 90 per cent of the insects

take part in this movement, although not all have reached full de-

velopment at this time. They settle on the rough places in the bark

of the main limbs and trunk and soon begin ovipositing. On severely

infested trees these accumulations of females with their cottony egg

masses appear as large bunches of cotton hanging from the limbs

and massed about the trunk and may be collected by handfuls.

(Fig. 4.) These egg masses begin to hatch the latter part of May or

early part of June, and the young larv?e start a migration back up

the main limbs to the foliage and green fruit. The young settle

along the midribs of young foliage, on the tenderest twigs, and under

the sepals of the green fruit. Here they start feeding and their de-

velopment is comparatively slow. By late fall many have become

half grown and have settled in the more secure positions on the

bud end or navel end of the fruit or between the fruit in clusters, and

their development from then on is very irregular. During the

Avinter many may have reached the oviposition stage, but the major-

ity of the insects are still immature. There is a great reduction of

numbers throughout the late fall and Avinter ; in fact, on many trees

it is often difficult to find them, but with the opening of spring the

matured forms again enter into the migration. There is only one

main generation a year, although the retarded development of some

insects and the hastened development of others cause an overlapping

of generations and consequently the presence of some insects in

various stages of dcA^elopment at different times of the year. There

is a possibility of an offhatch or overlapping of generations in the

appearance of egg masses during the winter. This occurrence, how-

ever, is of minor importance in that the numbers of the mealybug are

at their lowest at this time and most of the damage to the host has

already occurred.

The young larva? hatching from the egg masses in June are often

killed by hot weather. In the summer of 1917 a very large percent-

age of the larvse and eggs were destroyed by a short period of hot

weather when the temperature exceeded 110° F. Again in the sum-

mer of 1918 the hatching occurred just before a warm spell and many
larvae were killed. That weather conditions and natural enemies

are powerful factors in the control of this mealybug is very evident.



CONTROL OF THE CITR0PHILU8 MEALYBUG.

for only a small percentage of tlie larva> hatching from the egg

masses ever reach maturity. Many are washed off and destroyed by

Fig. 4.—Trunk of lemon Tree sliowiiig masses of ovipositing females of the citrophilns
mealybug following the spring migration.

rain during the winter months and the development of others is

greatly retarded during this cooler period.
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RELATION TO ARGENTINE ANT.

In not a single instance has this mealybug become serious except-

ing where it has been attended by the Argentine ant {Iridomymie.r

hu77iilis Mayr). One case was noted in 1918 at Cucamonga where
the mealybug had been observed for several years previous to that

time, but never considered as doing any commercial damage. During
the year 1918-19 the area became infested with Argentine ants and
in the summer of 1919 control work on the mealybugs and ants

became imperative. In every known locality where this mealybug
now occurs it is attended by this particular ant.

COMPREHENSIVE DEMONSTRATIONS OF CONTROL.

EXPERIMENT NO. 1. DEMONSTRATION PLOT.

The orchard selected for demonstration of control methods at

Upland in the summer of 1917 was near the center of the mealybug
infestation (fig. 5) and was considered one of the worst infested

groves, both as regards mealybugs and ants, in the colony. It con-

sisted of tM'o distinct plots of 10 acres each. The first 10 acres were

planted to Valencia (6 acres) and navel (4 acres) oranges and had
in all C74 trees. The second plot was planted largely to navel oranges

(8 acres), with approximately 2 acres of old lemons, making a total

of 676 trees. The trees were large and the lower limbs rested on the

ground. A careful inspection of the Valencia fruit in August, 1917,

showed an average of over 50 per cent of the fruit on each tree

infested, with from 20 to 35 mealybugs to a fl'uit, besides the infesta-

tions on the foliage and sucker growth. Many of the trees carried

from 90 to 100 per cent of infested fruit, with the foliage and new
growth as severely infested. Practically every tree had a trail of

ants and many were attended by two and even three trails. The
infestation on navel oranges and lemons in the second 10-acre plot

was as severe but showed only on the small green fruit and new
growth.

Argentine Ant Eradication.

Investigations, by the senior writer, of the common mealybug of

citrus trees resulted in the discovery that this insect was effectively

controlled by natural enemies, principally predators, in Argentine

ant-infested territory provided the ants were eliminated. Therefore,

when a survey showed that the citrophilus mealybug occurred exclu-

sively in districts frequented by these ants, the first efforts were con-

fined to a campaign against the ant in the hope that only such activity

would be necessary, as had proved the case for the common mealybug.
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undertaken Avas the trimniine; up of the
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^^W
Fig. 6.—Tree ti'unk showing burlap band and ant poisoned-sirup can In position.
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Table 1.

—

Control of the Argentine ant in a citrus orchard at Upland, Calif., 1917.

Demonstration Plot, First 10 Acres, 674 Trees.

Date of
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Fig. 7.-—Trunk of lemon tree with burlap band removed showing masses of ovipositing

females of the citrophilus mealybug collected under band.

cordingly in the spring of 1918 the trees in the demonstration orchard

were thus banded. (Fig. 6.) A band of burlap about 6 inches wide

was wound around the trunk just below the main branches and
caught at each end with a finishing nail. The migrating females
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readily collected under the bands preparatory to oviposition.

(Fig. 7.)

The success of burlap bands as used on the demonstration plot led

the growers throughout the infested area to adopt the practice. This

necessitated a large supply of burlap bands and the problem was

solved by buying the burlap of 30-inch width in bolts of about 100

yards. The bolts were cut at a printing office under a large paper

loiife into six rolls, 5 inches in width, which could readily be carried

into the orchard and cut in appropriate lengths for individual trees.

The ends of each band were fastened over a Id finishing nail driven

into the trunk of the tree. The average orchard of 900 trees was
banded with one full bolt of burlap. The average cost in 1019 was
as folloM's

:

1 roll burlap (100 yards) $12.60

Cutting ^ 1. 00

Nails ,^ .15

Labor (1 man, 1 day) 3.00

16.75
Cost per tree, approximately $0.02.

During April and May insects continued to descend in great

numbers, the burlap bands proving a center of attraction. In cases

of light infestation the majority of the descending insects would set-

tle beneath the band, and this was particularly true on smooth-

barked orange trees. (Fig. 8.) Lemon trees with the more irregu-

lar trunks and depressions where the main branches join the trunks

offered favored places for the mealj^bugs to settle, although even

these seemed less favored by them than the bands. By the latter

part of May hatching started, following which the larvae migrated

back to the foliage and fruit on the tree. Before this happened the

bands were removed and dipped in an effective insecticide, usually

pure petroleum distillate, and the trunks were then sprayed.

Spraying.

Spraying operations on the first 10 acres were coudu.cted on j\lay

23 and 21, and on June 6 and 7 on the second 10 acres. Only the

main limbs and trunks were sprayed and for this a petroleum dis-

tillate-soap emulsion applied with a power sprayer at 150 pounds
pressure proved most satisfactory. Two leads of hose with angled

Bordeaux nozzles were used. The burlap bands were removed and
thoroughly sprayed as the trunks Avere being sprayed. The formula

used was as follows:

Distillate 28° to 30° B gallons__ 10

Soap powder pounds.- 20

Water to malje gallons.- 200

If a lighter oil, as stove distillate, is used, the amount should be increased to

15 gallons. A good agitator is necessary in mixing the spray. After a few
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inches of water are in the bottom of the tank, the soap powder is sifted in

as the tanlv is being filled and the agitator is running. The oil is added last

before the tank is full.
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be effective, must l)e thoroujrh and to accomplish this it is necessary

to go beneath the tree. The most satisfactory work was done when

the nozzle was connected directly to the hose, alloAvinfr free manipu-

lation in any direction. A long' rod should never be used as it does

not allow the ready manipulation necessary on heavily branched

trees to spray from any direction.

The trees on the demonstration plot were of an open type with

smooth trunks and hi<rh headed, so they could be entered with ease

and quickly and thoroufrhly covered with spray. It required only

3^ tanks of spray to cover each of the 10 acres. The cost (1918) is

summarized herewith

:

35 gallons distillate, at $0.05 per gallon $1. 75

70 pounds soap powder, at $0.05 per pound 3. 50

Team and teamster for 1* days , 9. 00

Two men spraying for 1* days 9.00

Gasoline and oil 1.25

Total 24. 50

Cost per tree. $0,036.

The time, 1| days, included considerable enfjine troul^le. Fifty-

two trees were sprayed in 30 minutes. A tank of spray (200 gallons)

covered approximately 200 trees.

Several days after the spraying: the burlap bands, now dry, were

replaced on the tree trunks and left for a year. At no time were

insects noted under the bands except an occasional one, which the

natural enemies destroyed before oviposition was completed.

Throughout the following fall and winter (1918-19) it was very

difficult to find even individual mealybugs, and the packing house

handling the fruit reported it to be cleaner than any that had been

turned in during the five preceding years, with an increase of grade

amounting to from 30 to 40 per cent.

During the spring of 1919 an inspection Avas made of the demon-

stration plot and very few mealybugs and no ants were found.

Under the old bands not more than 10 to 12 insects were found on

any one tree. The grove was spra^^ed again by the owner in June

of 1919, as outlined above. An inspection in May, 1920, showed a

practically clean grove, not more than 5 insects being found under

the bands of any tree. and. most of the trees were entirely free of

meah''bugs.

EXPERIMENT NO. 2. FARLOW GROVE, 888 TREES.

In the summer of 1919 a second demonstration plot was employed

Avhich consisted of 10 acres of heavily infested oranges. Ant control

and banding had been carried on the previous spring, and the ants

were greatly reduced at the time of spraying. In this grove, as in

the former, a power sprayer with two leads of hose and Bordeaux
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nozzles were used. Distillate-soap powder emulsion, soap powder,

and water were used, as shown in Table 2, and data were gathered

on the efficiency of the different solutions.

Before the spraying started a man was sent through to remove

the heavily infested bands, dip them in pure distillate, wring them
out, and place them to one side to dry.

Table 2.

—

Sionmary of spray operations against the dtropliilus mealy'bng.

Spray.
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HAND-TREATMENT METHOD.

In a 5-acre citrus orchard, comparatively lightly infested with

mealybugs and banded early in the spring of 1919, the hand-treat-

ment method was effectively employed. This consisted of removing
the bands and dipping them in a bucket of 25 per cent distillate-

soap emulsion, Avringing the bands out dry, scrubbing the trunks with

a suitable brush, and replacing the bands.

Different strengths of the emulsion Avere tried with results as

shown in Table 3.

Table 3.

—

Results of hand-treatmenf method against the citrophilus mealybug.
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acreage was banded with burlap in the spring of 1919. Of the area

infested with the mealybug in that section all but 10 acres were

sprayed according to the methods outlined, with excellent results

throughout. The 10-acre orchard was left as a check for control by

natural enemies.

The ant control was handled partly by the growers themselves,

partly by the citrus associations of which the orchardists were mem-
bers, and partly by

contract operators.

The sirup was for tlie

most part prepared

by the citrus associ-

ations, or purchased

from druggists at a

cost of $1.50 to $2 a

gallon. The spice

tin was the pre-

ferred container.

The average cost to

the grower for ant

control, including

refilling where nec-

essary, was 4 to 6

cents per tree. The
cost of burlap band-

ing averaged 2 cents

On dense, unpruned

lemon trees, headed low, spraying proved somewhat difficult and

slow. The amount of material used on such trees was also greatest.

High-headed orange trees with smooth trunks were most easily

and effectively sprayed.

These spray operations were conducted by the growers and com-

mercial outfits and an average of 10 acres a day was covered at a cost

approximating the figures given for the two demonstration plots, the

cost being more or less proportional to whether the trees were well

pruned and open or unpruned and difficult to spray. Work carried

out by the owners themselves was for the most part thoroughly clone.

A few orchards were trunk-treated by hand.

The general results of the control campaign of 1919 at Upland
were very gratifying. Orchards which had shown severe infesta-

tions in the spring of 1919 were commercially clean in the spring

of 1920. The reduction in grade or total loss of fruit from mealy-

bugs had been reduced to a negligible factor. Packing-house man-

agers and growers were convinced that the citrophilus mealybug

was no longer a menace to their orchards and that the control of

Pig. 10.—Adult of Leucopis bella. Greatly enlarged.

per tree. The cost of trunk spraying varied.
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-Adult of t<cyi)nu,

Greatly enlarged.

this insect was on such an effective commercial basis tliat timely

future attention wouhl effectively hold it in check.

NATURAL ENEMIES.

Though the ant control, bantlin*;. and ti'unk sprayin^^ have given

excellent control of the citrophilus mealybuo-, the importance of its

natural enemies in conjunction

with this artificial means of con-

trol needs emphasis. The nat-

ural enemies are very effective

against light infestations, if the

ants are not present, and even in

heavier infestations are impor-

tant in assisting to destroy the

insects on the foliage and trunks

following spray treatment. The
most effective natural enemies

present in the groves are all

predators and appear to rank

in order of importance as fol-

lows: Chryso'pa spp. (fig. 9),

Leucopis hella Loew (fig. 10),

and Scymnus sordidits Horn
(fig. 11). They breed freely in the cottony mass of ovipositing fe-

males on the trunks, although by no means noticeably reducing the

mealybug on heavily infested trees. It is,

however, following the migration of the

mealybug larvae to the tender fruit and
foliage that the effectiveness of these nat-

ural predators is most felt. Here they

search out and destroy the young mealy-

bugs, and in the case of light infestations

frequently prevent the development in-

creasing to severe proportions. Chrysopa
and Leucopis are usually most numerous
during the late spring and summer, wdiile

Scvmnus is most effective during the early

fail.

The natural predators of primary im-

portance in controlling the common mealy-
bug, namely, Sympherohius spp. and
Hyperaspis lateralis Muls., are of very

secondary value against the citrophilus

mealybug. Cryptolaemus montrouzieri Muls. (figs. 12, 13), however,

is very effective against either species. This predator was first tried

against the citrophilus species by the writers at Alhambra during

Fig. 12.—Larva of Ciiiptohif

miis montrouzieri. Much en

larged.
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1916 and proved so effective that several hundred were distributed

beneath a tented citrus tree at Upland during the autumn of 1917.

Some specimens successfully passed the winter and started breeding

freely the following spring. The Insectary Branch of the California

State Commission of Horticulture followed the Avriters' lead and has

since distributed many thousands over the Upland district, with such

successful returns that the work should be supported and continued.

SUMMARY.

(1) Ant control. This is most effectively accomplished by the use

of a special arsenical poisoned sirup in small containers, one to each

tree. Best results follow dis-

tribution during the autumn or

spring.

(2) Trunk banding. Strips of

burlap about 5 inches wide

should be placed around each

tree trunk, from February to

April, to attract ovipositing fe-

male mealybugs.

(3) Eemoval and dipping of

burlap bands in distillate. This

should precede the trunk spray-

ing. The bands should be dry

Avhen replaced after the trunk

treatment.

(4) Trunk treatment. Spray

thoroughly with distillate-soap

powder emulsion after the mealybugs have massed on the trunks

and just before the eggs begin to hatch. This is usually during the

latter part of Ma3\

(5) The propagation and distribution of Crypfolaemus montrou-

zien, Leucopis hella, Chrysopa spp., and Scymnus sordidus are to

be recommended.

Fig. 13.—Adult of Cryptolaemus mon
trouxiert. Much enlarged.
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INTRODUCTORY.

Chests made of red cedar have the reputation of protecting cloth-

ing stored in them from the ravages of clothes moths. There has
been, however, much difference of opinion as to whether the supposed
protection comes from the tightness of the chests which excludes

moths, or from an inherent quality of the wood that actually kills

moths accidentally placed in them with fabrics and furs. Consider-
ing the centuries-old belief, entertained among so many peoples,

that this odoriferous cedar affords protection against moth attack,

surprisingly little has been done to detei-mine whether or not chests

made of this wood are efficacious. Working with the southern or
webbing clothes moth, Tineolu hiselliella Hummel (PI. II, A), the
writers undertook a comprehensive study of the effect of red cedar
chests upon adults, eggs, and larvae to ascertain whether or not chests

made of red cedar could be considered as adequate protection of
clothing against these insects.

80389°—22
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SOURCE, DISTRIBUTION, AND DESCRIPTION OF RED CEDAR.

Red cedar {Juniperus vlrgimana), commonly known as Tennessc
or Virginia red cedar, is one of the most widely distributed coni'
erous trees of North America, occurring on dry hills or in det
swamps, sometimes attaining a height of 90 feet, but usually avera;
ing 40 to 50 feet or less. The tree is distributed throughout all se

tions of the United States as far west as the Rocky Mountain!
,

flourishing under various climatic conditions. It is most abundanb.
however, in the region from the Ohio River on the north to Florid^
on the south and from the Atlantic Ocean on the east to Arkansas
on the west. In Tennessee, Virginia, and North Carolina the rei
cedar occurs in large areas of nearly pure forests known as " cedar
breaks." In these sections the most extensive manufacture of cedaV
lumber is conducted.

In general, the red cedar is a straight tree, pyramidal in shape
becoming round-topped in old age, and has a tapering trunk anc
shreddy bark. The wood is light, close-grained, compact, and dura
ble. The heartwood is red in color and strongly aromatic, while th
sapwood is white and devoid of odor.

USES OF RED CEDAR.

The commercial use of the wood dates back to the seventeenth
century. In 1632 Morton {J2, p. WS4, pi. 45),^ in citing the trees

that are found in New England, stated

:

Cedar, of this sorte there is abiindaunce ; and this wood was such as Sale
men used for the building of that glorious Temple at Hierusalem. . . . Thi.-

wood cutts red. and is good for bedsteads tables and chests, and may be placed
in the Catalogue of Commodities.

In 1682 Gent (4, p. 63), in describing the resources of South Caro-
lina, mentioned the presence in that State of odoriferous and fragrant
woods, among them being the sweet-scented cedar and cypress, from
both of which were made boxes, chests, tables, and cabinets. He
further stated that

:

The Dust and Shavings of Cedar, laid amongst Linnen or Woollen, destroys
the Moth and all Verminous Insects ; It never rots, breeding no worm, by which
many other Woods are consumed and destroyed.

In 1757 Peter Kalm (7, p. 264), in a report of his early travels in

North America, mentioned red cedar as being prized for its dura-
bility.

In 1776 Hunter (6) stated that the timber was very valuable for
many uses and possessed a bitter resin which prevented worms from
attacking it. Later, in 1786, Lamarck (9) stated that the wood was
much sought in America for carpentry, construction of vessels, wood-
work, and different utensils, because it was filled with a bitter resin

which prevented its destruction by worms. According to Bigelow
(i, p. 49S4, pi. 4-5), in 1820, the wood-
is principally employed for posts in fences, in which capacity it proves more
durable than almost any species of wood used for the same purpose.

Loudon {10, p. 848) , mentioned Juniperus virginiana as producing
lumber which is " very odoriferous " and useful for cabinet making

1 The figures (italic) in parentheses refer to "Literature cited," p. 14.
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"as it is offensive to most insects." In 1838 he stated {11) that on
account of its strenfyth and durability the barriers of the sidewalks

of the streets of Philadelphia were made of this wood, which was
also used for making tubs, stopcocks, and coffins.

In presentin«j: certain historical data of New York, O'Callaghan

{13, f. Ifi) , in all probability referring to red cedar, stated

:

There is Red-wood which being burned, smells very agreeable; when men sit

by the fire on benches made from it, the whole house is perfumed by it.

Porcher (/^, />. 588-589), in 1869, made the statement that—

Cedar boxes are not infested by insects, moths, etc., and are used for storing

away woollens. The leaves also prevent the attacks of insects when spread

over cloth.

Further reference to the use of red cedar against insects was made
by Emerson (5, p. IW) in 1875, to the effect that the agreeable and
permanent odor of the wood recommends it for certain uses, such as

pencils and the bottoms of boxes and drawers, the aroma making it a

safeguard against insects. Similarh^, it was stated by Curtis (^, p.

118-110) that boxes and cabinets made of red cedar wood were
exempt from insects on account of its odor being offensive to them.

Hansen (5, p. 298-299) stated that the wood possessed much economic
value, being durable and free from the attacks of insects.

It was reported by Sargent {15) in 1895 that the wood of red cedar

is highly resistant to decay and that insects do not molest it. It is

further stated by the same author that moths flee from the pungent
odor, and that every good housekeeper knows the value of a red
cedar chest or a closet lined with this wood. The following year

{16) he also asserted that the wood is very fragrant and easily

worked, being used larfjely for fence posts, railway ties, sills, cabi-

nets, lead pencils, the interior finish of houses, and for protecting

woolens against the attack of moths.
According to Kent (-S') the wood is highly resistant to decay by

water and is therefore valuable for fence posts and other purposes
where it comes into contact with moist soil or water. This author also

t-tates that moths flee from the pungent odor, and that a chest of red
cedar or a closet lined with red cedar wood affords an efficient protec-

tion against their inroads. It is also reported that the waste at

pencil factories is used to manufacture a paper which has been found
useful for wrapping wools, furs, and other articles likely to be in-

jured by moths.
It is stated by White {18) that the heartwood of the cedar con-

stitutes the portion of the tree which is used extensively for pencil

making. For this purpose it is essential to have the straight-grained

red wood, free from knots.

On account of the lack of cedar logs of any great size and the

need for the heartwood free from knots, old logs and fence rails are

being used for the manufacture of pencil slats.

Within the last 15 years red cedar has been used in constantly

increasing quantities in the manufacture of cedar chests. All of the

red heartwood and part of the white sapwood is utilized for this

purpose. The industry has grown very rapidly and at the present

time red cedar chests are recognized as staple articles of furniture.

These chests combine ornamental beauty with utility as receptacles

for the storage of clothing. Their beautiful and attractive appear-
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ance is due to the striations of red heartwood and white sapwood
interspersed with the deeper-colored circular or oval knots. By
means of the firm construction, the extremely tight-fitting cover, and
the heavily-varnished exterior, the odor of the wood is retained
within the chest. In this connection it may be of interest to state
that during a recent pilgrimage to "The Hermitage," the planta-
tion of Andrew Jackson, located near Nashville, Tenn., in the heart
of the red cedar belt, there was seen a hand-made cedar chest which
was considerably over a hundred years old. It is reported that this

chest still retains the full fragrance or aroma of the cedar, and doubt-
less from the standpoint of odor still possesses its original efficiency.

AROMA OF RED CEDAR.

The persistent, characteristic odor of red cedar, which has been
credited with possessing the property of destroying the clothes moth,
or at least preventing damage by it, is due to a volatile oil which
forms 1 to 2 per cent of the wood. The pure heartwood, or the red
wood, contains from 2 to 4 per cent of this volatile oil, which is

pale yellowish-brown in color and possesses an agreeable, persistent

odor. The principal constituents of the oil are the alcohol cedrol,

or cedrol camphor, which can be separated from the oil in the form
of ci-ystals ; the sesquiterpene alcohol cedrenol ; and the sesquiterpene
cedrene. The characteristic odor is probably due to the former two
compounds. It is stated that the oil possesses antiseptic properties,

but little is known regarding its insecticidal properties.

CEDAR CHEST EXPERIMENTS.

The only experimental work previously recorded was by Scott,

Abbott, and Dudley, reported {J7) upon in 1918. These authors,

working with the southern, or webbing, clothes moth {Tineola hkelli-

ella) and one cedar chest, the history of which was not known, con-

cluded that a red cedar chest killed adults and newly hatched larvae,

but had no effect on larvse h If grown or larger. With these con-

clusions the writers, working also with Tineola hisellieUa^ agree in

the main, although none of the chests used by them in their work
either killed adult moths or prevented them from laying eggs.

In the experimental work recorded below, nine red cedar chests,

with a capacity of from 3.9 to 6.5 cubic feet, were obtained newly
made in 1920 from representative manufacturers. These chests (Pi.

I) were from regular stock and were shipped direct from the factory.

They were of |-inch lumber, had the usual attractive finish, and
were of the average run of chests placed upon the retail market.

EFFECT UPON ADULT MOTHS.

Scott, Abbott, and Dudley state {17) that 70 adult moths were
introduced into a cedar chest and that an examination two months
after the last adults were introduced showed that " all had been
killed and that no eggs or larvae were present." This conclusion re-

garding the effect of a cedar chest upon adult life is not justified

since in longevity experiments on file adult clothes moths have never
lived two months and seldom so long as 30 days. The same authors
state also that 30 adults and a supply of flannel were added to the
same chest two years later. Observations made nine weeks after the
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Nine Cedar Chests, Ranging in Capacity from 3.9 Cubic Feet to
5.5 Cubic Feet, Used in Experimental Work.
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experiment was started revealed no living adults, no eggs, and no
larva3. In a trunk serving as a check to which the same number of

adults were added at the same time, more than 50 live larvae were
counted on the flannel at the close of tlie experiment. This is the

only reference in literature to the effect of cedar chests upon adult
clothes moths.
The following data indicate that the cedar chests used by the

writers have little practical effect upon the length of life or upon the

egg-laying of adult moths. The data are incomplete, but sufficient to

prove that adults developing in che.sts from larvae transforming to

the pupa stage in the chests can live at least 10 days, which in

longevity experiments conducted as checks was about the average
length of life under normal conditions. It is possible, moreover, for

such adults to mate and deposit eggs that will hatch.

On June 17, 1920, 15 adults (sex undetermined) newly emerged in

chests were placed with cloth in Chest 1. On June 26, 11 were alive

and eggs had been laid. On June 28 all adults were dead, and 123
eggs had been laid ; by July 6 all eggs had hatched. Twenty larvae

removed from the chests on June 28 continued to develop normally
outside the chest.

On July 2. 1920, 7 adults (sex undetermined) emerging in the
laboratory were introduced with cloth into Chest 2. Adults were
found depositing eggs on July 3. Examination on July 17 showed 18

eggs had been deposited, 14 having hatched. One adult was barely
alive, being too feeble to crawl.

On March 28, 1921, .one group of three virgin moths and another
group of five, emerging witliin cedar chests, w^ere placed with cloth in

Chest 1. Examination on May 31, 1921, showed all adults dead, and
53 and 30 eggs deposited, respectively. These eggs were infertile and
did not hatch.

On March 30, 1921, 6 adults (sex undetermined) found emerged in

cedar chests were placed the sanie day in Chest 2, with cloth. Ex-
amination on April 28 showed 1 adult alive, about 80 eggs laid and
hatched, and living and dead larvae.

EFFECT UPON EGGS.

Cedar chests have no apparent effect upon clothes-moth eggs. This
is true of eggs deposited in the chests by females emerging in the
chests or by females emerging in the laboratory and placed in the
chests for oviposition, and of eggs laid outside of chests and later

introduced into them. Scott, Abbott, and Dudley {17) state that
an examination of a piece of flannel containing many clothes-moth
eggs 23 days after it was placed in a cedar chest showed that practi-

cally all the eggs were hatched but that the resulting larvae had died
almost immediately. A duplicate test by them gave identical re-

sults.

On June 5 and 18, and July 10, 1920, and February 12. March 3, 10,

and 28, April 27, Ma}^ 7 and 14, and June 6, 1921, an average of
about 300 eggs, ranging in age from 1 to 7 days, were introduced into
each of four cedar chests. Of 50 experiments conducted to determine
the effect of chests upon the egg vitality the following 10 are recorded
as typical :

(1) Twenty-six adults (sex undetermined) were found March 28,
1921, having developed in cedar chests from larvae introduced into
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the chests January 21, 1921. The adults were placed in a large vial

with cloth and immediately replaced in Chest No. 1. Examination
May 11 proved that about 200 eggs had been deposited and practically

all eggs had hatched.

(2) Four adults (sex undetermined) found in chests April 8, 1921,

developed from larvae introduced into the ch'ests January 1, 1921,
were placed with cloth in the chests. Examination April 30 de-

termined that 43 eggs had been deposited and all of them had hatched.

(3) On February 12, 1921, 24, 30, 22, and 14 eggs, deposited, re-

spectively, on February 9-12, 10-12, 11-12, and 12, were placed in

Chest 2. Examination on March 2 determined all eggs to have
hatched.

(4) On March 10, 1921, 54, 106, 52, 25, and 45 eggs, deposited, re-

spectively, on March 3-5, 5-7, 7-8, 8-9, and 9-10, were placed in

Chest 2. Examination on March 17 determined that all eggs had
hatched except 46, and of these, 40 were those deposited on March
9-10. Of 292 eggs deposited March 12-14 and held as checks in the

laboratory outside of chests, 148 hatched on March 21-22 and 144 on
March 22-23. A second examination on March 30 determined all

eggs hatched. Of 32 eggs deposited March 2-3 and held as checks in

laboratory outside chests, 20 hatched on March 14 (no further obser-

vation made).
(6) On April 27, 1921, 232 and 102 eggs deposited April 24-27

and April 26-27, respectively, were placed in Chest 1. Examination
on May 11 determined that all egfjs had hatched. Of 284 eggs de-

posited on April 24-27 and held in the laboratory outside of the

chests, 100 hatched April 30 and 184 between April 30 and May 3.

(6) On May 14, 1921, 160, 53, 75, 69, 38, and 94 eggs deposited on
May 7-9, 9-10, 10-11, 11-12, 12-13, and 13-14, were placed in

Chest 3. Examination on May 19 determined that eggs deposited

on May 7-11 had hatched; those deposited on May 10-11 were just

hatching and the larvae had not yet had an opportunity to feed. The
69, 38, and 94 eggs deposited between May 11 and 14 were not hatched
but were found hatched when examined May 31. Of 336 eggs de-

posited May 5-6, 1921, and held as checks in the laboratory outside

of chests. 111 hatched May 13, 146 on May 14, and 79 on May 18.

(7) On June 6, 1921, 28, 51, 32, 12, and 91 eggs deposited, re-

spectively, on June 1-2, 2-3, 3-4, 4-5, and 5-6, were placed in Chest
No. 1. Examination on July 7 determined that all eggs had hatched.

(8) On Mav 14, 1921, 138, 60, 61, 43, 36, and 19 deposited, re-

spectively, on 'May 7-9, 9-10, 10-11, 11-12, 12-13, and 13-14, were
introduced in Chest No. 1. The eggs were examined on May 17, those

deposited on May 7-9 and 9-10 were still hatching, while those

deposited between May 11 and 14 were imhatched. Examination made
on May 19 determinect that all eggs had hatched which were deposited

between May 7 and 11 and hatching had begun among those deposited

May 11-12.' No hatching was noted among eggs deposited May 12-

14. Examination on May 31 showed that all eggs had hatched. Of
151 eggs deposited May 16-17 and held as checks in the laboratory

outside of chests, 13 hatched on May 24 and 138 on May 25.

(9) On May 7, 1921, 36, 38, and 39 eggs deposited, respectively', on
May 4-5, 5-6, and 6-7, were introduced into Chest No. 4. Examina-
tion on May 12 determined that eggs deposited on May 4—5 had
already hatched, but the larvae had not yet fed; eggs deposited on
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May 5-7 were still nnhatched. Examination May 21 determined that

all eggs had hatched. Of 739 eggs deposited May 6-7 and held as

checks in the laboratory outside of chests, 465 were hatched May 14

and 274 on May 15.

(10) On May 7, 1921, 46, 13, and 107 eggs deposited, respectively,

May 4-5, 5-6, and 6-7, were introduced in Chest No. 2. Examination
on May 11 determined that 1 e^f^ only of those deposited May 4-5

had hatched. Elxamination on May 21 showed that all eggs had
liatched. Of 267 eggs deposited May 4-5 and held as checks in the

laboratory outside of chests, 89 were hatched May 12 and 178 on
May 13. 'Of 336 deposited May 5-6 and held as checks in the labora-

tory outside of chests. 111 were hatched on July 13, 146 on May 14,

and 79 on May 18.

EFFECT UPON LARV^.

The effect of cedar chests upon larvae of clothes moths varies with
the age and growth attained by the larvae when they are subjected

to the action of the chests. It has been taken for granted in popular
entomological literature that larvae become fully grown during w^arm
weather in from 4 to 10 weeks, but there are no authentic cases re-

corded of clothes moths actually reared from egg to adult at any
season of the year in less than four months.

Observations made in the laboratory at Washington, D. C, during
1920 and 1921 indicate that no definite statement can be made con-

cerning the time it will take clothes-moth larvae to become fully

grown, since their growth varies tremendously when they are fed
upon the same material or upon different materials.

These statements seem necessary to indicate to the reader why one
can not judge the age of a clothes-moth larva by its size. Clothes-

moth larvo^ do not mature as fast as has been thought. It is well to

understand that larvae that have become one-half to full grown, re-

gardless of the time required to attain this growth, have been able

to cause so much damage and to leave behind them in their feeding so

much webbing (PI. II, B) and sandlike frass that their presence can
be detected by a casual examination of the affected garments. Ex-
ception is made of certain fur garments where the feeding larvae lie

buried beneath the fur close to the skin; but even in this case the
falling of the severed fur will readily reveal damage.
Garments should not he placed in chests without -first having heen

heaten^ brushed^ and sunned to remove the larva\ This treatment,

advised as a. preliminary for all materials intended for storage in

cedar chests, if painstakingly done should remove even younger and
smaller larvae. Any larvae remaining, however, and entering the
chests with the clothing are apt to be very young or very small.

This is a most important fact, as cedar chests kill only very young
or small larvae.

Since cedar chests can not be depended upon to kill half to full

grown larvae, such articles as balls of yarn, floor skins backed with
woolen cloth, infested pillows stuffed with hair or feathers, and simi-

lar articles, all portions of which can not be brushed on all sides,

might better be treated by fumigation or other methods to kill older
larvae before being placed in cedar chests. Otherwise these articles

may be fed upon somewhat in cedar chests by the older larvae, until

they have transformed into moths, but will Jbe protected thereafter.
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Cedar Chests Do Not Kill One-Half to Fxill Grown Larv^.

Cedar chests can not be depended upon to kill larvse after they are
half to full grown, or after they are about three or four months old.

To be sure, many of these older larvse die in the chests, but it is not
possible to tell whether their death is caused by the chests or is the
result of the high mortality obtaining among any lot of clothes-moth
larvae used in experimental work. The only work done indicating the
effect of cedar chests upon the older larvae is that of Scott, Abbott,
and Dudley {17) . They say :

In 1915 flannel was placed in this chest, and 10 one-half to three-fourths
grown larvfe were added every two weeks until a total of 60 was reached. Ex-
amination made two months after tlie last addition of larvae showed 7 live
larvae; 36 larvae had died and 17 had pupated. Of the 17 pupae 2 died in the
pupa stage and 15 emerged as moths, hut died before any eggs were laid. The
flannel had been fed uiion considerably, but was not badly eaten.
Two years later (1917) this experiment was duplicated by adding 25 one-half

to three-fourths grown larvje at one time and allowing the experiment to run
33 days. The results were almost identical with those of the first experiment.

On January 31, 1921, 24 well-grown larvae were placed in a chest
upon a high-grade blue-serge cloth, and 35 others upon a felt pillow
top. Both lots of larvae caused serious damage to the goods by March
2 (PI. II, fig. 2). During an examination made on that date it was
found that of the 50 larvae 18 were still in the larva stage and alive, 6
had died, 9 had transformed to the pupa stage, and 13 had emerged
as adults; the remaining larvae had eaten through the cloth and es-

caped into the clothing filling the chest.

Of 100 larvae (40 well grown, 40 half grown, and 20 very small,

but fully four months old) placed on January 31, 1921, in Chest 2
in pill boxes, 13 had emerged as moths by March 2, 16 emerged be-

tween March 2 and 17, 19 between March 17 and April 30, and 12
between April 30 and May 11; the remaining 40 died as larvae or
pupae.

Of 60 well-grown larvae placed in Chest 1 on January 31, 1921,

2 had transformed to the adult stage by March 2, 9 became adults
between March 2 and 17, and 14 between March 17 and May 11 ; the
remaining 35 died either as larvae or pupae. Of 50 half to full-grown
larvae placed in Chest 3 on January 31, 13 emerged as adults by
March 2. Of the 2, 13, and 13 adults found emerged in Chests 1, 2,

and 3 on March 2, developing from larvae placed in chests on Janu-
ary 31, 1921, 2, 10, and 5, respectively, were alive, while 0, 3, and 8,

respectively, were dead.
Half to full-grown larvae placed in Chest 2 on February 11, 1921,

developed into adults during the period March 17 to July 27; 1, 1,

8, 6, 4, 3, 7, and 1 being found during examinations made on March
17, 30, April 30, May 11, June 6, July 7, 15, and 27, respectively. The
adult found emerged during the July 27 examination, approximately
5| months after the larvae were placed in the chest, was alive, very
active, and appeared no different in general vitality from others
emerging under normal laboratory conditions. One larva of this lot

was found alive, normal to all appearances, and very well grown, on
July 27, but had died by August 3.

Half to full-grown larvae placed in Chest 1 on February 11, 1921,
developed into adults during the period March 17 to July 23 ; 1, 8, 3,
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Red Cedar Chests as Protectors Against Moth Damage.
A, Adults and well-grown larvae of Tineola biselliella. It is only the larva or worm that
damages fabrics. Magnified about 2 diameters. B, Felt pillow top damaged in cedar
chest by half to fully grown larvae of the clothes moth. Beside the damaged portions of
goods, note, at a and b. the whitish tubes of silken threads in which the larvae secrete them-
selves while resting. Magnified 2 diameters.
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Red Cedar Chests as Protectors Against Moth Damage.

A, Kggshclls of the clothes moth partially hidden in loosely woven army cloth. Although
these eggs have hatched the young larv<ie were killed in the chest before they could spin
webs or feed upon the fabric. Magnified 12 diameters. B, High grade woolen cloth of
moderately close weave. Note eggshells and dead newly hatched laTxx of clothes moths.
I>arva3 were killed in the chest before they spim webs or fed upon fabric. Magnified about
12 diameters.
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Woolen Cloth Taken from Cedar Chest, Showing Hatched Eggs,
Dead Young Larvae, and a Very Slight Webbing Made by the
Larvae Before Death.

This sample of cloth, like those of Plate IV, is not injured by the larvae of the clothes moth.
The circle indicates a dead larva; the arrow, an eggshell.
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6, and 2 being found durintr examinations made March 17, May 11,

June 6, July (, and July 23, respectively.

Half to full-o^rown larvae placed in Chest 3 on February 11, 1921,
developed as adults durinf^ the period March 17 to June 6 ; 1, 2, 3, 2,

and 1 moths bein^j found durino^ the examinations made on March
17, May 12, May 31, June G, and July 7.

A miscellaneous lot of 100 larva;, apparently half to full ^rown,
were placed in Chest 1 on April 9, 1921. Examinations made on May
11, May 31, July 7, July 23, and Au<yust 3 showed that there had
emerged 53, 2, 7, 0, and adults, respectively. Of 100 larvae of like

age placed on April 9, 1921, in Chest 2, 42, 4, 2, 0, 0, and adults
were found emerged on April 30, May 11, June 6, July 7, July 23,
and August 3, respectively.

Cedar Chests Kill Young Larv/E.

Cedar chests have a pronounced killing effect upon young clothes-
moth larvae. Of the larvae hatching within cedar chests from the
2,074 eggs recorded under the discussion of the effect of chests upon
the vitality of the eggs, none were found alive during examinations
made one month from the date the eggs were placed in the chests.
Exception must be made for one larva hatching from eggs laid

April 26-27, which were placed in Chest 3 on April 27, 1921, that
was found alive during examinations made on May 12, 21, and 31,
but which was dead by June 2.

Practically all larvae hatching within the chests died within two
weeks after hatching and a surprisingly large number died within
two or three days of hatching. Exact data on this point are lacking
because to obtain them would require the chests to be opened so
frequently that their killing power would be weakened. Thus
Chest 2 had been opened more often than Chests 1, 3, and 4 just
previous to May 21 examination recorded in Table I, with the evi-

dent result that its effect upon even very young larvae was quite
seriously affected. Scott, Abbott, and Dudley say {17) that larvae

hatching in chests " died almost immediately." As their examina-
tion was made 23 days after the eggs were placed in the chest and
as their work was done during warm weather, when the egg stage
ranges from 4 to 8 days, their statement should be interpreted to
mean that the larvae died without spinning webs or leaving signs of
feeding. The practical point to keep in mind is that larvae hatch-
ing within chests did not as a rule feed (PI. IV and V) upon the
cloth, and when they did, the damage done (PL III) would not be
observed by the average person.
While the statements made concerning larvae hatching within the

chests from eggs placed there can not be as exact as could be wished
because of variations in the length of the egg stage, the age of
larvae recorded in Tables I and II is definitely known and can be
compared with larvae accidentally introduced in clothing into chests.

These larvte hatched in the laboratory and were placed in chests at

the ages indicated. In these tables are recorded data secured from
each of four chests grouped according to the age of the larvae and
the date of examination. The numbers of the chests refer to the same
chests in both tables. It will be seen that larvae hatching outside the
chests and later introduced into the chests do not die immediately,
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but may linger along for a considerable number of days. Two
larvae, which were 2 days old when placed in a chest, were still

alive (Table II) after 31 days in the chest, bvit were found dead
Avhen examined 6 days later. The majority of the very young
larvae die by the end of the first or second week, without causing
damage. The greater resistance of the older larvae is clearly demon-
strated by the data. One 2^-month-old larva and one 2-month-old
larva survived in the chest for over 2 months. Few people should
have occasion to place in chests clothing containing larvae over 1

month old.

Table I.

—

Effect of four cedar chests upon 520 larvw ranging in age from 1 day
to 3 months, placed in chests on May 14, 1921.
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Table II.

—

Effect of four cedar chests upon r)20 larvw ranfring in age from 1 to

28 days, placed in chests Apr. SO, 1921.
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properly. Since it is the odor of red cedar which is effective against
moths it is recommended that in using cedar chests for the protection
of clothing, fabrics, and furs, special care should be taken to prevent
undue escape of the aroma from the chests. The chests should re-

main tightly closed except when clothing is being removed or placed
in them^ and, this procedure should he accomplished as rapidly as
possible. Aside from their value in killing moths, cedar chests are
so tightly constructed that adult moths can not gain access to them
except when they are open. This is not true of the average trunk or
other receptacle in which clothing is stored.

Cedar chests exert no noticeable effect upon the adult moth or
miller, the parent insect, which does no damage to clothing but which
may lay eggs from which hatch the destructive larvse, or worms.
Moths that run or fly into chests, when open, may live as long as two
weeks or even a month, and lay many fertile eggs.

Further, cedar chests are not effective against eggs, no matter
whether the eggs are laid outside of the chest and accidentally intro-

duced with the clothing, or whether they are laid in the chest itself.

This is true regardless of the age of the eggs when they are subjected
to the action of the chest. Imprisonment of adult moths and eggs in

a cedar chest, however, is not an important consideration since the
young larvae promptly succumb to the effect of the chest and neither
the moth nor the egg eats. However, cedar chests can not be
depended upon to kill larvae after they are 3 or 4 months
old, or are from one-half to full grown. Some of the half to full-

grown larvse placed in chests have died, but their death may have been
due to a normal mortality. The practical consideration is that many
of them were not killed, but continued their development and matured
as adults. These larger larvae are capable of doing considerable
damage within the chests though it is believed that their activities are

somewhat retarded by the effect of the chests. The older the larvae

when they enter the chest the more resistant they are to this, until

finally an age or size, not easily defined, is attained when larvae are

capable of withstanding chests and continue their feeding and
development.
Cedar chests do kill young larvm.—Larvae hatching from eggs

within the chests die in most instances within two or three days,

and practically all die within two weeks. Larvae hatching from eggs
outside the chests and introduced into them in clothing do not die so

quickly as larvae hatching inside the chests because they are older,

but the majority of such larvae, which soon show a tendency not to

feed, die during the first and second weeks, although some may live

longer. Two larvae, 2 days old when placed in a chest, lived for

about 35 days; such resistance, however, is the exception rather than
the rule.

It is important that articles intended for storage in cedar chests

should be most painstakingly cleaned, beaten, brushed, and sunned
whenever practicable to remove or kill as many of the moth eggs
and larvae as possible. Special attention should be given to brush-
ing all seams, creases, and pockets. Clothing thoroughly brushed
and sunned should harbor none of the larger or older moth larvae

and very few, if any, eggs and young larvae. Such clothing if stored
at once in good cedar chests should be protected from moth ravages,
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for the yoiino; larvae that might be present, or those that might hatch
from eggs present in the clothing, would be killed before they could
cause serious damage.
Although cedar chests may be regarded as protectors against

clothes moths, attention is called to the fact that a chest of ordinary
wood, if as tightly constructed, would be just as effective, provided
the clothing were as thoroughly cleaned, brushed, and sunned, and
from 1 to 2 pounds of good grade naphthalene were packed within.
Woolen garments freshly cleaned and thoroughly brushed will be

well protected if tightly wrapped with naphthalene in several thick-
nesses of ordinary paper. Many persons protect their clothing by
carefully cleaning and brushing just before wrapping in paper. In
wrapping with paper special attention should be given to turning
back the paper at the ends of the bundle that no opportunity to gain
access be left for the moths.
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INTRODUCTION.

Sitka spruce {Picea sitchensh (Bong.) Trautv. and Mayer), also

called tideland spruce, is an important timber tree of the Pacific coast

region, growing naturally from Alaska to northern California, It

is found largely at low altitudes and never very far from the ocean.

In Alaska it is the principal tree of commerce; in Oregon and Wash-
ington it is one of the components of the dense and luxuriant conifer-

ous forest that blankets the humid strip of country on the west side

of the coastal ranges. Here several of its associate trees are more
abundant than Sitka spruce ; but in the superior qualities of its wood,
in its magnificent form, and in its immense size it has no superior

except the redwood with which it mixes at the south end of its range.

Because Sitka spruce does not ordinarily occur in pure stands,

it must be logged in conjunction with other timber species—with
Douglas fir, western hemlock, and western red cedar in Washington
and Oregon, and with the western hemlock in Alaska. The greater

part of the virgin forests in which Sitka spruce occurs has not been

Note.—The writer wishes to acknowledge the valuable assistance given him by Messrs.
H. T. Gisborne, R. H. Weidman, and others in the preparation of this manuscript.

85569—22 1
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reached by lumbering operations ; hence until recently the cut of this

timber had l)een relatively small. It was not well known in the

world or national markets until an extraordinary demand for it

arose during the war because its wood was found to be superior for

airplane construction. Within the space of a few months in 1917

this species, which had been of decidedly secondary importance in

the lumber industry, became one of the woods most eagerly sought.

To eflFect an enormous increase in the production of Sitka spruce

and to obtain lumber of the quality needed for airplane wing beams,

a special organization of the War Department—the Spruce Pro-

duction Division—was created. The great activity of this organiza-

tion in promoting the lumbering of this needed Sitka spruce air-

plane stock in conjunction with the local lumber industry is one of

the interesting chapters in the history of the war industries.^

Although Sitka spruce may never again be so eagerly sought and

so extensively cut as during the war, it has so many superior quali-

ties in the estimation of foresters and lumbermen that it will always

play an important role in the forest management of the Pacific

coast region. It has a habit of rapid growth, makes a large yield

per acre, lends itself fairly well to forest management, and produces

a wood which has large value for many special purposes, prominent

among which is the manufacture of paper.

GEOGRAPHIC DISTRIBUTION AND ALTITUDINAL RANGE.

The botanical range of Sitka spruce, as shown in figure 1, lies

along the north Pacific coast, roughly between 40° and 60° of lati-

tude, and in that narrow strip of shore line often described as the

fog belt. Its width is nowhere more than 200 miles from the coast

line eastward, and usually much less.

In Alaska this species occurs as far north as the west shore of

Cook Inlet, the north end of Kodiak Island, and along the Lynn

Canal, and is generally abundant southward, on the islands and

mainland near the coast of southeastern Alaska. In British Colum-

bia it is found chiefly along the shore line and on the lowlands of

the large rivers like the Fraser.

In the United States it is found in the western part of the State

of Washington on the lower benches and bottomlands of the rivers

along the Pacific coast, and less commonly about Puget Sound, oc-

curring sporadically in the foothills of the Cascade Range. In

Oregon it is found under similar conditions but almost exclusively

west of the crest of the Coast Range ; it extends up the Columbia

River only 50 miles from its mouth, and farther south not more than

* " History of Spruce Production Division, United States Army," issued by the United

States Spruce Production Corporation.
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20 miles inland. In California it ^rows close to the shore line and

along the Smith and Klamath Rivers; the southern limit of its

range is near Casper, in Mendocino County.

1
155 145
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Olympic. Peninsula (Washington) along the Soleduck, Dickey, and

Hoko Rivers at elevations between 400 and 600 feet.

The upper altitiidinal limit has been noted by many observers as

being higher in the northern part of its range than farther south;

it is seldom, however, more than 3,000 feet above sea level. In the

States it is doubtful whether it grows at that elevation; actually

it has been found at 2,500 feet on the west side of the Olympic

Mountains, at 2,100 feet near Bandera in the Cascade Range of

Washington, and at about 2,100 feet on the slopes of Saddle Moun-
tain in Clatsop County, Oreg. (PI. I.) Although botanically it

does occur at these elevations, an altitude of about 1,200 feet marks

the upper limit of its growth in commercial quantities. The lower

limit extends to the very surf line of the Pacific,

PRESENT SUPPLY AND ANNUAL CUT.

The total stand of Sitka spruce in America is estimated at 40

to 44 billion feet. As shown in Table 1, more than one-third

occurs in Alaska, one-third in British Columbia, and the remainder

in Washington, Oregon, and California.

It is estimated that about 1,600 million board feet of the most ac-

cessible spruce has been cut since the estimates given in Table 1 were

made.- An additional billion board feet is estimated to have blown

down by the catastrophic wind storm of January, 1921, which oc-

curred in the heart of the Sitka spruce belt of Washington.

Table 1.

—

Estimated stand of Sitka spruce in 1918.*

State :
Million feet b. m.

Washington 6, 575

Oregon 4,374

California 187

Sitka spruce forms only 1.5 per cent by volume of the total mer-

chantable stand of timber west of the Cascades in Oregon and Wash-

ington. In British Columbia it comprises 6.7 per cent of the timber

along the coast. Of the coastal forests of southeastern Alaska it

forms about 20 per cent. Approximately 50 per cent of the entire

stand of Sitka spruce is in private ownership. Detailed estimates

of ownership appear in Table 10.

The cut of spruce in Washington and Oregon increased over 50

per cent in the year 1918, and practically all of this increase was

made up of Sitka spruce. The cut of spruce in the United States

increased very little, and in general is declining. For a number of

2 " Supplies and Production of Aircraft Woods," by W. N. Sparhawk, National Advisory

Committee for Aeronautics, Fifth Annual Report. Rpt. 67, p. 9, 1919.
3 Figures for all localities except British Columbia compiled by Forest Service from

county records and private. State, and Government estimates. British Columbia figures

from " Forests of British Columbia," by H. N. Whitford and R. D. Craig, p. 330, 1918,

State :
Million feet b. m.

Alaska 15,000 to 18,000

British Columbia 15, 186
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years Maine had been the leading spruce-producing State, cutting

chiefly red spruce; but the pressing need for spruce aircraft lumber

for war uses stimulated production in the Pacific Northwest to such

an extent that in 1918 Washington took first place in the produc-

tion of spruce with a cut of over 275,000,000 board feet, Oregon

second with a cut of over 215,000,000, while Maine dropped to third

place. As is shown in detail in Table 2, the cut of spruce for 1918

comprised 6 and 8 per cent, respectively, of the total lumber pro-

duction in Washington and Oregon, less than 2 per cent in Cali-

fornia, and practically the entire cut in Alaska. No distinction is

made between species of spruce, but Sitka spruce probably forms over

95 per cent in these three States. In British Columbia the ratio was

about the same as in Washington. The total cut of Sitka spruce in

1918, exclusive of British Columbia, exceeded 530,000,000 board feet.

Table 2.

—

Total reported cut of spruce lumber, 1915-1918.

[No distinction is made between species of spruce: Sitka sprace probably forms over 95 per cent in Wash-
ington, Oregon, and California.]

Number
of active
mills re-

porting.

Washington:
19151
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sapwood. The longitudinal surface of the wood shows a silky sheen,

and the tangential surface, less noticeably, slight indentations or

dimples. There is no distinct line of demarkation between the spring-

wood and the summerwood as in Douglas fir.

Compared with other woods of similar weight, Sitka spruce is of

greater strength and toughness. Table 17 (Appendix) shows the

value of its mechanical properties as measured by laboratory tests.

Individual test specimens may show a variation of as much as 16 per

cent from the data on bending, compression, shearing, tension, and
such properties.

Spiral grain is found in Sitka spruce as in other species, though not

to any great extent. During the war specifications for airplane stock

required that no spiral-grained wood be accepted which had more
than 1 inch departure in 20 inches of length. Tests showed that a

greater amount of twist caused a marked reduction in strength for

aircraft purposes. Spiral grain in Sitka spruce can generally be

detected in the standing tree by a twisting of the fluted portions of

the lower trunk.

The calorific power of one cord of air-dried Sitka spruce wood is

62 per cent of that of a short ton of coal, and that of western hemlock

and Douglas fir is 58 and 68 per cent, respectively.

USES.

The varied properties of Sitka spruce fit it for a wide variety of

uses. It is the premier wood for the manufacture of aircraft. It is

unsurpassed for pulp and is especially adapted for musical instru-

ments. It is also a desirable wood for boxes, crates, barrels, veneer,

and woodenware.

By far the most extensive use to which the wood is put is the manu-
facture of lumber. As such, in one form or another, it is used for

about the same purposes as the other spruces. About 40 per cent is

used for construction and similar purposes without further manufac-

ture. While not suitable for heavy construction, it is well adapted for

many building uses in which light weight, ease in working, and

ability to take and hold nails and paints are essential. It is especially

suitable for large doors, such as are used for garages, freight houses,

and similar structures. It is extensively used for beveled siding. As
a car stock it is unsurpassed. The bulk of the lumber, however, is

remanufactured into a large variety of products.

More than half the lumber cut of this species is consumed by the

planing mill, box, and crate industries. It cuts to advantage for

doors, window and door frames, and molding. Belonging to the

class of tasteless woods, Sitka spruce is extensively used for contain-

ers in which articles of food are packed or handled.
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Because of its lii^lit weight, combined with strength and tough-

ness, Sitka spruce is the most desirable and most generally used wood
for such airplane parts as wing beams, struts, longerons, ribs, and

plywood parts. Although red, white, and Sitka spruce do not differ

greatly in strength properties, the last species, on account of its

greater size and consequently its greater proportion of clear lumber,

is a more important source of aircraft material than the other two.

Because of this and the relatively large supplies of virgin timber still

remaining, Sitka spruce will probably for many years be a very im-

portant species in the aircraft industry, notwithstanding the fact

that the supply is far from the centers of manufacture.

Because of the resonant quality of the wood, its even structure, the

absence of vessels, the extremely fine and regularly distributed medul-

lary rays, and the straight and long fibers, spruce generally is con-

sidered to be the best wood for piano sounding-boards, as well as for

musical instruments generally, Sitka spruce yields a large propor-

tion of clear lumber and wood of selected quality for this purpose,

but its rapid growth tends to lessen the resonant quality in compari-

son with the slower growing eastern species.

The wood is not durable in contact with the soil or when exposed to

weather. It is less suitable for piling in salt water than are other

species, because of its greater susceptibility to the ravages of the

teredo, which may destroy it in one or two years.

For the manufacture of white paper pulp by either the mechanical

or the chemical process, spruce is the leading wood used. It is soft,

white, and nonresinous, and its fibers are longer, more flexible, and
stronger than those of most woods. Containing a maximum percent-

age of cellulose, it gives a high yield by the chemical process. Al-

though there are several species of spruce, no marked difference is

noted in the pulps manufactured from them. A comparison of the

character and uses of the pulp made from Sitka spruce with that

made from white spruce, a wood that can be considered standard for

pulping by the sulphite, sulphate, and mechanical processes, indicates

no practical difference.

Because of the long distance to the large paper markets of the East,

the utilization of Sitka spruce for paper manufacture is relatively

small. Of the domestic spruce consumption in the United States in

1918 for the manufacture of paper, 35,385 cords, or 1.6 per cent, was
Sitka spruce from the forests of Washington and Oregon. British

Columbia utilizes about half as much Sitka spruce for this purpose

as do the States of Oregon and Washington, Other species, includ-

ing western hemlock, white fir, cottonwood, and Douglas fir, are util-

ized on the Pacific coast in the manufacture of pulp, but Sitka spruce

represents about 15 per cent of the total.



8 BULLETIN 1060, U. S. DEPAETMENT OF AGRICULTURE.

The pulp, paper, and board industry of the West, a long-established

one, is confined practically to the Pacific coast, with the pulp mills

largely confined to the States of Oregon, Washington, and the

province of British Columbia. Alaska has one pulp mill, established

in 1921. There is every indication that this industry will grow
rapidly in the next few years, with an abundant supply of pulp-

wood, waterpower, and coal, taken in connection with the fact that

the pulp-wood supply in the East is approaching depletion.

LOGGING AND MILLING.

The occurrence of Sitka spruce on the lowlands near tidewater,

and along navigable or drivable rivers, on the benches and gently

rolling country of the lower foothills makes logging relatively easy,

and a mild climate permits year-long operation. As the species

occurs largely in association with Douglas fir, hemlock, and cedar,

the method of logging is identical with that universally used in the

heavy forests of the Pacific coastal region. Here large operations,

powerful steam machinery, and heavy capital investments are the

distinctive features of logging operations. (Pi. 11.) These are

required by the large size of the timber, the ground conditions, and
the enterprise of the industry.

Trees 6, 8, or 10 feet in diameter, standing on rough steep ground,

are felled and converted into logs in such a way that the minimum
of waste results; and logs, some of them scaling 10,000 feet and
weighing 30 tons, are dragged with great dispatch over the ground
or swung down steep slopes and over deep canyons on overhead

cables. The greater part of the timber is transported from the woods
to the mills or waterside over standard-gauge logging railroads for

distances ranging from a few miles to 30 or more. (PL III.) To a

limited extent motor trucks (PI. IV) are used in conveying logs, and
in some cases in the Grays Harbor and Willapa Harbor regions of

Washington logs are transported by driving streams. A large per-

centage of the cut of Sitka spruce reaches the waterside along the

Columbia River and in Puget Sound, Grays Harbor, and Willapa

Harbor, where the logs are made into rafts and towed to the mills.

Logging with animals in Oregon and Washington is confined to

small operations getting out ties, shingle bolts, piles, and poles.

In Alaska, operations are found only along the shore line, and there

both hand and machine methods are employed. If the latter method
is used the donkey engine is mounted on a float, the hauling line is

led inshore a thousand feet or more, and the logs are skidded directly

to the water to be towed to the mills.

The sudden and urgent demand in 1917 for high-grade spruce

timber for airplane material, which existing logging operations were
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Group of Sitka Spruces in Clatsop County, Greg.



1060, U. S. Dept. of Agr PLATE II.



1060, U. S. Dept. of Agriculture. PLATE III.



1060, U. S. Dept. of Agriculture. PLATE IV.



I. 1060, U. S. Dept. of Agriculture, PLATE V.

Fig. I.-Riving for Clear Airplane Material. Fig. 2. Debris After
Selective Logging.
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Fig. I.

—

Large Sitka Spruce Near Fig. 2.

—

Same as Figure I, Show-
Beaver, Wash., Measuring ing Broken Top.
16 Feet in Diameter.

Fig. 3.—Two Big Stumps in Clatsop County, Greg., Showing Flare
OF the Roots.
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Typical Foliage. Cones, and Bark of Sitka Spruce.
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Basal Swell



sri-KA si'IMk;k: ijkkh, auowm, MANA(;KiViKN'r.

uriiihlc lo ;n(;(;l, causcirJ tin; SfM iic,(; I*r(Mlijc,(,ion Divi.Hiori to ciicouruj^f;

Hinall iKol}it«;(J operatioriH to rive out by hand cantH of cl(»ar Hprucft

from Hcloctcd trccH. \*>y rimnuH of w(m)^(!H aricJ jacks hii^o Iot.'H wore

split to obtain cantH of oh^ar, Htrai^^it-^raincfl wood, which were;

'Ira^^'c/l frr^tri the wfjofln, UHually by hor.s(!H, and Hcnt to rcHaw plantH.

(PI. V, i'\}r. 1). That method of \(>ir^\i\fr was diw;ardcd later in

favor of a fJari of Io^f(/in^ Keh!f;ted tre,eH on a larger Kcale, and thin

method reHiilt(;d in a more rapid production of hi^4)-trrade Hpruco.*

In \()!Sii;\r\jj sehictively an area waH combed of all trees which were

of airfjlane (juality, and the otherH were htft st}^nflin^^ 'J'his method

avoided the cuttin^^ of low-j^rude spruce, Jiri'l other (imbe.r for vvhif;h

there was no market.

The cost of lo^^-in^ Sitka spruce has varied widely, more particu-

larly during and since th<5 war. Hefore the war the average cost of

logging was about $5.50 per thousand feet; in 1019 it amounted to

approximately $11 per thousand feet; and in 11^20 it was somewhat
higher.

Sitka spnjce timber is normally cut into logs ranging from .'i2

to 4() feet in length. As about 40 per cent of all timb«',r cut on the

l^acific coastal r(;gion is logged by operatf^rs engag<;fl solejy in log-

ging, who sell their logs in the open market, logs are gradefl accord-

ing to size and quality into No. 1, 2, and 'i logs. It is estimated that

Sitka spruce timber as logged will grade: Twenty per cent No. 1

logs, 40 per cent No. 2, and 40 per cent No. J^. Prior to the war

Sitka spruce logs sold for about '$12, $9, and $6 per thou.sand for

No. 1, 2, and '.^ logs, respectively. In 1920 they sold for $.'^>0, $24, and

$18 on this basis. At the height of war-time operations in 1918 a

price of $':>5 for No. 1 logs was reached.

Most of the Sitka sprufM; lumber that is manufactured in the

United States is cut in the large band sawmills of the Coos Hay
di.strict of Oregon and the Grays Harbor and VVillapa Bay districts

of Washington. The sawmills of Alaska, with a daily capacity of

25.000 to 40,000 board feet of lumber, are smaller comparatively.

'J'he cost of manufacture before the war was a little less than

$5.50 per thousand feet; in 1919 it amounted to about $12, and in

1920 it was a little higher.

Although exceedingly high prices were paid in 1918 for clear

lumber suitable for aircraft construction, the average wholesale value

of mill-run Sitka spruce in that year varied from $20 to $27 per

thou.sand board feet, (See table 2.) Before the war an average

price of about $14 obtained. Prices on January 1, 1919. arc given

in table 8.

• •' Ulutorj of Spruce Production IHrMon," 1919.

8r>Gfj9—22- 2
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Table 3.

—

Range in selling prices of different grades of spruce lumber {f. o. b.

mill), January 1, 1919.

Grade. Price per 1,000 ft. b. m.

"B" and better, finish, S2S $35.00 to $62.00

Factory select and better, S2S 35.00 to 62.00

No. 1 shop, S2S 32.00 to 39.00

Shop common, S2S 30. 00

No. 2 shop, S2S 27.00 to 34.00
Box, Nos. 1, 2, and 3, S2S 26.00 to 28.00

Common boards. S2S 25.00

Common dimension, SISIE 17. 50 to 30. 00

Regarding the prices of Sitka spruce stumpage, it may be said

that they varied as greatly in the last few years as did logging and
milling costs. Ten years ago average stumpage was worth about

$1.50 per thousand feet. Just prior to our entrance into the war it

was about $2.75 per thousand feet, and in 1920 it reached $3.50.

During 1918 stumpage values of selected trees to be cut in riving or

logging operations ran as high as $7.50 per thousand feet. Sitka

spruce stumpage, of course, like that of other species, varies in value

with topography and accessibility. For this reason values greater

than those given here, as well as values considerably less, have

obtained.

SIZE, AGE, AND DISTINGUISHING CHARACTERISTICS.

SIZE.

Sitka spruce, which is the largest of the spruces, grows to a size

comparable with the maximum for' Douglas fir and cedar, and larger

than its other associates.

When maximum sizes are considered, individual specimens of

Sitka spruce have been found to attain surprisingly large propor-

tions. Total heights of 296, 285, and 282 feet were recorded in the

course of the field work for this study for individuals found in

the vicinity of Quinault Lake and Beaver, Wash. All these trees

were under 300 years of age. Specimens which measured over 9 feet

in diameter at a height of 10 feet above ground were found not

merely once or twice, but many times, in both Oregon and Washing-

ton forests. The largest diameter recorded was of a tree which

grew near Beaver, Wash. It measured 16 feet in diameter at

breast height, and because of its gradual basal taper was of large

volume (Pi. VI, figs. 1 and 2). Necessarily, large diameters and

heights mean large volume, and individual trees in Oregon and

Washington occasionally have scaled 40,000 board feet in merchant-

able contents ; but the average tree scales about 8,000 board feet. In

Alaska single trees have scaled 24,000 board feet of merchantable

material.^

•"Production of Airplane Lumber in Alaska," by W. G. Weigle, Alaska Pioneer, toI. 1.

No. 2, p. 4, 1918.
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The species attains its maximum development in Washington and

Oregon, The average tree found in the virgin forest has a height of

about 230 feet and a diameter of 4 feet, measured 15 feet above

ground. North of the optimum range in British Cohimbia it grows

to maximum diameters of 8 to 12 feet and heights of 160 to 180 feet;

but ordinarily it is only 3 to 6 feet in diameter.'' In Alaska, too, its

average diameter is 3 feet and its height about 150 feet, but single

trees frequently exceed this. In California it is smaller than farther

north and becomes only a medium-sized tree. This subject is dis-

cussed more fully under the heading " Growth."

LONGEVITY.

Sitka spruce is a long-lived tree. Sudworth reports a maximum age

of 750 years.'^ During the recent study, however, the oldest tree that

could be found was 586 years of age. It is doubtful whether many
individuals ever reach an age of over 600 years, and the mean mature

age is not more than 450 years.

DISTINGUISHING CHARACTERISTICS.

An outstanding characteristic of the appearance in the forest of

Sitka spruce is its bark (PI. VII). The thin, stiff, cupped, and

elliptical dark purple-gray scales 1 or 2 inches in diameter make
this species easily distinguishable from its associates in the stand.

Little protection is afforded to the living tissues, however, by the

bark, which is only one-half to 1 inch thick.

The needles are also of distinctive appearance. In spring the yel-

lowish green color of new needles in sprays that bend downward
limply at the ends of the branches stands out in contrast with the

dark bluish green of the older needles ; and although the young leaves

are soft and velvety to the touch, during the remainder of their 5 to

6 year existence they are stiff and stand out straight in all directions

around the twig, each needle tip being keenly pointed and quite

bristly to the touch. The leaves are somewhat flattened, only indis-

tinctly four-angled, and about 1 inch long.

The cones, too, exhibit peculiarities by which this species may be

identified. They have an average length of 3 inches, are light

brown in color, elliptical in shape, and hang down conspicuously

from the upper branches. The cone scales are thin and papery,

with irregular margins but slightly pointed in general outline, and
are firmly attached to the central stalk of the cone. Maturity is

reached at the end of one year's development; soon thereafter the

scales open and release the small dark brown seeds with their large

thin wings adhering to them. Most of the cones drop from the

• " Forests of British Columbia," by H. N. Whitford and R. D. Craig, p. 199, 191S.
» " Forest Trees of the Pacific Slope," G. B. Sudworth, p. 83, 1908.
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tree soon after the seeds have been scattered by the wind, but some

cones may remain on the branches for a number of years.

The root system is characteristically shallow. This is especially

true of trees on swampy soils where the roots spread out very close

to the surface; but on deep, porous soils they penetrate 4 to 5 feet

into the ground and occasionally as far as 12 feet.

Characteristics of form are unimportant, with one exception, for

the recognition of this species. In general, the forest-grown trees

are tall, with open, conical crowns and long, cylindrical boles.

Their bases are very commonly heavily buttressed. Plates VI (fig.

3), VIII, and IX show the importance of this fact when form is con-

sidered. Plate IX, figure 2, gives one clue to its cause; the stumps

illustrated in this plate were those of only two out of seven fully

grown trees that developed on this one windfall. Basal or butt swell

is common in this species and especially so in trees which occur on

the lowlands. Incidentally, it should be mentioned that this con-

dition in the tree very materially affects any diameter measure-

ments, for the standard practice in all species is to measure diameters

at a uniform height of 4^ feet above the ground, and this practice

would give very inconsistent results with large Sitka spruces.

Further discussion of this point appears under " Diameter growth."

The overmature trees present another characteristic, that of stag-

headedness. (PI. VI, fig. 2.) Such broken-topped trees are apt to

develop ascending side branches, and these may grow to 14 inches

and more in diameter and 50 feet in height. Trees in this condi-

tion, as shown by the cedar snags in Plate XIV, may be called

bayonet-topped.

OCCURRENCE.

Sitka spruce stands are found on a variety of sites but may be

grouped broadly into two classes—the bottomland or lowland, and

the slope or highland. The development of the tree, which to a

great extent is influenced by the amount of soil moisture, is the chief

difference between the two types, and the altitudinal situation is of

only minor consideration. The forest may be of pure spruce or of

spruce in mixture with other species. These types occur throughout

the range of the species, and a third or " upper slope " type might

be added for Alaska to include the bodies of scrubby spruce near the

upper altitudinal limit of tree growth.

BOTTOMLAND TYPE.

This type is found in the moist situations of river bottoms and

benches above the river beds where there is a deep, rich alluvial soil,

and where in places the heavy precipitation of the winter and spring

months has so saturated the ground that standing water is not un-
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common. Here the trees, though large and tall, are characterized

by large buttressed bases, limbiness, and comparatively short clear

length. On these moist sites the trees make a noticeably rapid

and well-sustained diameter growth, especially from 100 to 200

years of age. In tliis type Sitka spruce occurs also on tidelands

and in swamps where there is considerable inundation ; but, although

it can stand these conditions, it prefers an excess of soil moisture

only with good drainage and in general avoids stagnant sites and

acid soils. In contrast with the stands on the bottoms and benches,

those in swamps are quite frequently pure, but the trees here are

shorter and much more limby. Trees which occur on exposed situa-

tions along the coast are small and scrubby and unfit for commercial

uses.

SLOPE TYPE.

Spruce stands of the slope type are found on the moist but well-

drained hills which border the lowlands and which afford all ad-

vantages for excellent growth in their rounded ridges and gentle

slopes of deep, rich soil. It is not only in the upland country that

this type occurs; similar conditions exist on the rolling, sandy land

along the coast. The trees on such sites are fine specimens, large and

tall, with long, clear length ; and, in contrast with those of the bot-

tomland type they seldom develop buttressed bases. (PI. XI.) The
wood is characteristically fine-grained, and this fact is frequently

mentioned by lumbermen as a means of distinguishing between trees

of the two types. Spruce in these stands is more often pure than in

mixture, and this is especially true on the sandy lands which border

the ocean. (PI. XII.)

COMPOSITION AND VOLUME OF STAND.

Pure stands of Sitka spruce are usually not extensive but are apt

to be limited to patches of a few acres in contrast with Douglas fir,

which occurs pure over great areas. Larger pure forests of spruce

are found occasionally, however, 40 or more acres in size in Oregon,

Washington, and British Columbia, and even 100 acres in Alaska;

but this is the exception rather than the rule.

When Sitka spruce grows in mixture with other species, the most

common associate is western hemlock, and large areas of these two
species are found in Alaska and in the States as well. Sitka spruce

is also associated with Douglas fir, western red cedar, lowland white

fir, silver fir, and Pacific yew throughout the range, with Port Orford
cedar and redwood only in southern Oregon and California, and
with Alaska cedar and mountain hemlock on the upper slopes in

British Columbia and Alaska. In the valley bottoms it occurs with

such hardwoods as broadleaf maple, black cottonwood, and red alder.

(PI. X.)
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The composition of a typical piece of what is distinguished as the

" western hemlock-Sitka spruce type " in British Cohimbia is as

follows :

*

Per cent.

Western hemlock 38

Sitka spruce 27

Western red cedar 15

Balsam (silver) fir 15

Others (Alaska cedar and cottonwood) 5

100

A summary of cruises made in 1918 in spruce stands on the west

side of the Olympic National Forest in Washington shows the fol-

lowing average composition of the forest :

®

Western hemlock 37

Douglas fir 26

Sitka spruce 21

Silver fir 7

Western red cedar 6

Others 3

100

The mixed forest is usually of even age ; infrequently it is of two

age classes, and then the hemlock trees are the smaller and younger

ones of the stand. An all-aged forest occurs but rarely, and then

as an open stand on swampy soils.

An idea of the composition of the stand and the representation

of small-sized trees of other species (in the older stands) may be

gained from Table 4. This table shows the results of measurements

on 12 sample plots in typical stands in Oregon and Washington

in which Sitka spruce comprised from 50 to 100 per cent of the

volume of the stand.

Table 4. -Numler of trees of Sitka spruce and other species per acre for typical

stands of various ages.

Plots.
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The uiulerbnisli, wliicli in both the pure and mixed forests is

extremely lar<^e and dense, is composed of sahnonberry, huckleberry,

vine maple, salal, devil's club, elderberry, and cascara, with a pre-

ponderance of the first two species. The ground cover consists chiefly

of braken, sword ferns, and moss.

The volume of spruce per acre in the virgin stand varies greatly

with the proportion of species, the density of stocking, and the quality

of the site. The heaviest yields are naturally produced in properly

stocked stands on sites where the best growth of individual trees is

made. County cruise estimates indicate that the stand of merchant-

able timber in what would be classed as spruce type (running all the

way from 25 per cent to G5 per cent of spruce) varies from 20,000 to

100,000 feet per acre over large areas. Very much heavier, as well as

lighter, stands occur in the virgin woods.

CLIMATIC AND SOIL REQUIREMENTS.

Sitka spruce is very exacting in its soil and atmospheric moisture

requirements. An abundance of rainfall, frequent fogs, and tempera-

tures moderated by proximity to the sea are the climatic character-

istics of the north Pacific coastal strip where this species grows. The
yearly precipitation is 75 to 150 inches or more and comes chiefly in

the form of rain, well distributed throughout the year, except for

about two months in midsummer. Cloudy or partly cloudy days are

frequent, and weather records show an average of 240 such days in a

single year at one station in the heart of the spruce region. The tem-

perature of the region is generally mild, the annual mean ranging

from 38° F. in Alaska to 53° in northern California. Extreme tem-

peratures of 15° below zero in Alaska and 102° above in California

are encountered within the range of the tree ; but withal it may very

readily be seen that Sitka spruce occurs only on areas that offer

climatic advantages favorable for growth.

Its soil requirements, however, are not so distinctly defined, and

thin, rocky soils on the slopes, pure sand along the coast, and deep,

rich alluvial deposits of rivers share equally, under similar condi-

tions of climate, in the distribution of the species; but the trees are

larger and reach better development on bottom lands of moist, friable,

sandy loam. It is noteworthy that in Alaska the heaviest stands of

spruce and those of best quality are found on limestone soils, perhaps

partly because these are the deepest and most completely decomposed.

Though this species demands a very great amount of soil moisture

and can grow on swampy sites, it attains its best development on soils

of good drainage.
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LIGHT REQUIREMENTS.

Sitka spruce, unlike other spruce, is somewhat intolerant of shade.

Compared with its associates, it is less tolerant than western hem-
lock and western red cedar and about as tolerant as Douglas fir.

Seedlings can endure heavy shade and on old burns and logged-over

areas establish themselves with little difficulty under the dense cover

of deciduous brush, such as salmonberry and huckleberry, and of

other coniferous seedling growth ; but strangely enough Sitka spruce

is seldom found under the heavy canopy of a mature stand. Here
temperature, not tolerance, is thought to be the governing factor,

and the coolness in the mature stands prevents, whereas the warmth
in the openings permits, the germination and establishment of spruce

seedlings. As the tree advances in age it demands overhead light,

and dies if long overtopped.

The dead side branches, which are often moss-covered stubs 2 or 3

feet long and characteristically coarse and stiflF, are very persistent

in young spruce. The shedding of the dead limbs and cleaning of

the bole starts when the trees are about 50 years old and often is not

completed for a century or more. (PL XII and PI. XIII (fig. 1.))

REPRODUCTION.

SEED PRODUCTION AND DISSEMINATION.

Sitka spruce is a prolific seeder. Open-grown trees commence to

bear seed at 35 years of age, and trees of all sites are vigorous pro-

ducers of seed until maturity. Some seed is produced each year

and heavy crops are yielded every three or four years. The cones

mature in the early fall of the first year and, under normal condi-

tions, open and release the seed within a short period afterwards. A
mature tree with a full crown may produce, in a good seed year, 4 to

6 bushels of cones, which yield from 0.65 ^^ to 1.25 ^^ pounds of clean

seed. A pound of these seeds will number between 200,000 and 300,-

000. Because of their small size and relatively large wing-s they are

often carried by the wind 400 feet or more from the base of the tree.

Many of the seeds filter into the deep dufF of the forest floor and are

stored, their hard covering keeping them viable for several years.

The seed has a high percentage of germination. In tests ^^ of fresh

commercial seed under greenhouse conditions, this amounts to 72 per

cent, and is higher than the germination percentage of western hem-
lock, western red cedar, and Douglas fir as determined in similar tests.

" " Sitka Spruce in Alaska," by B. E. Hoffman. Forest Service manuscript report, p. 9
1912.
" " Reforestation on the National Forests," by C. R. Tillotson. U. S. Dept. Agr. Bull.

475, p. 17, 1917.
^ " Seeding and Planting," by J. W. Tourney, p. 122, 1916.
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Fig. I.

—

Variation in Basal Swell, Illustrated by Trees in Left and
Right Foreground.

F— 1S08.50

Fig. 2.

—

Stumps of Mature Trees Which Started on Old Windfall.
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SiTKA Spruce in Mixture With Red Alder and Broadleaf Maple on
River Bottom.
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Highland Spruce at 1,100 Feet Elevation in Clatsop County. Oreg.
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Pure. Even-Aged Stand of Sitka Spruce (175 Years) Near Tsiltcoos
Lake, Oreg.
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Fig. 2. Thrifty 18-Year-Old Sitka Spruce
IN Old Clearing.
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Fully Stocked Second-Growth Stand of 27-Year-Old Sitka Spruce.
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Fig. 2.

—

Fruiting Bodies of Trametes Pini.
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ESTABLISHMENT OF SEEDLINGS.

Sitka spruce germinates slowly, and in this habit it is similar

to other low-altitude species of the coastal region, and in contrast

with P^ngelmann spruce and high-altitude Douglas fir, which re-

quire only a short time for germination. Similarly, Sitka spruce

seedlings do not respond quickly to atmospheric warmth early in

the spring, and their buds do not unfold until the season is well ad-

vanced. Were it not for this characteristic much injury to re-

production Avould result, for during early spring clear, warm weather

in the lowlands is often followed by killing frosts.

Moisture, light, and heat are all essential for the germination and

establishment of spruce seedlings; but, as moisture is abundantly

supplied by rains and fogs in the region, and as the young seedlings

are capable of enduring dense shade, heat is the uncertain factor.

In this regard the warm exposures of old burns, clearings, and

logged-OAer lands offer conditions more suitable for growth than

elsewhere, and, as spruce can compete successfully with all other

species, it establishes itself with little difficulty on these sites. In

the choice of seed bed, Sitka spruce prefers loose mineral soil, but

it can thrive equally well in the decayed wood of down logs and in

the deep humus of the- forest floor. Plate IX, figure 2, illustrates

the establishment of two spruce trees on an old windfall. Because

of its extreme tolerance in early youth, Sitka spruce sometimes occurs

on fresh earth slides, under a temporary cover type of alder, and

eventually becomes the predominating species.

Stands of reproduction in the spruce type are densel}^ stocked.

(Pis. XIV and XV.) Counts were made during the recent field

study on 10 sqliare-rocl quadrates in areas of reproduction, and these

counts showed that in thrifty stands under 10 years old there were

3.000 seedlings per acre, and that in stands 30 years old there were

500 trees per acre. Nearly one-quarter of the 30-year-old trees were

12 inches and over in diameter at breastheight. It was also shown
that a stand of maximum density, which was 5 years old, contained

35.000 seedlings per acre. In each of these stands 50 per cent or

more was spruce, and the remainder was mostly hemlock, with a

few cedar and Douglas fir trees. In very dense stands Sitka spruce

seedlings generally comprise only 10 to 20 per cent, but this per-

centage often increases as the stands become older. Under ordinary

circumstances spruce is able to maintain itself and even increase

notwithstanding the competition of other species. These seedlings,

which are rather delicate and slender stemmed during the first few

years, later develop heavy, stiff stems. They at first average nearly

one-half foot in height growth per year and beyond 15 years of

age increase in height at the rate of 3 feet per year.

85560—22 3
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CAUSES OF INJURY.

FUNGI.13

Sitka spruce, in common with other forest trees, is attacked by

two broad groups of fungi—first, those rechicing the annual incre-

ment ; and, second, those reducing the merchantable timber.

In the first group there are two rust fungi. One of these is a broom-

forming rust {Peridertnium- coloradense). The mycelium of the

fungus is perennial in the twigs of the host, causing pronounced

witches' brooms. As a rule, this fungus is not serious, but it may
completely dwarf and deform small trees.

The other rust fungus {Peridermium decolorans) does not cause

any deformation of the host. The mycelium confines itself to the

infected needles and does not enter the twigs or branches. The
parasite is usually confined to small trees of the sapling and small-

pole sizes.

Another needle disease of importance is characterized by a brown-

ing of the individual needles. This fungus is Lophoderinium macro-

sporum or a closely related species. Infected needles are invariably

killed and drop off, but the degree of infection varies. Sometiities

only occasional needles are diseased; at other times most of them
may be killed. The disease usually attacks the lower branches of

young trees. It has been reported as very prevalent along the lower

Columbia River in Clatsop County, Oreg.

It is impossible to give an estimate of the amount of damage
caused by the needle and twig diseases just mentioned. It is obvious

that there must be a greater or less reduction in annual increment

of the infected trees, but no exact data are available. Control meas-

ures need not be discussed, as present economic conditions preclude

such work, except for nursery stock or trees of high aesthetic value.

By far the most important fungi are those which reduce the mer-

chantable volume by attacking and destroying the heartwood of

living trees.

The most serious of these on Sitka spruce is the ring-scale fungus

{Trametes pini) which causes the common red rot or conk rot in the

heartwood of living trees. In spruce the attack may be made at any

point along the bole. In the split section the decayed wood has a

reddish. color in its early stages, and later small white sunken spots

are found separated by apparently sound reddish wood. The fungus

gains entrance to the heartwood of the trees principally through old

branch stubs and is exceedingly destructive in mature and over-

mature stands. Plates XVI (fig. 2) and XVII are illustrations of

this fungus.

Next in importance is the velvet-top fungus {Poh/porus schwei-

nitzii), which causes a pronounced butt rot. The sporophores ap-

is Prepared in collaboration with Dr. J. S. Boyce, Pathologist, Bureau of Plant Industry.
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pear at the base of the tree, on the trunk in old wounds, or on the

ground, coming up from decayed roots. Those on the ground have a

short, thick stalk. The disease spreads both by spores blown about in

the air and through the ground by means of the decayed roots. The

decay Avhich is confined to the heartwood is light reddish brown in

the early stages, and pronouncedly cubical, reddish brown, crumbling

to a fine powder betw^een the fingers, and often with thin resinous

(rusts of mycelium in the typical stage. The rot is found in the roots

and butt, and rarely extends beyond the first log. Besides the actual

loss due to the volume of wood rendered unmerchantable by decay,

the infected tree is frequently broken off at the base as a result of the

weakening of the roots. Many large overmature trees, completely

rotted at the base except for a thin layer of sapwood, are found broken

off between 5 and 20 feet above ground, and their loss can be charged

directly to the destructive work of this fungus.

The red-belt fungus {Fomes phucola) is of equal importance with

Pohiyoms schwemitzli as a butt rot in living trees; but it is also

common on dead snags, old windfalls, stumps, and other debris, and

thus functions as a beneficial scavenger in the fores'. The fruiting

bodies are usually found at the base of the tree in the flare of the roots

or at scars along the low^er portion of the trunk. The typical decay

is light reddish-brown in color, somewhat cubical, crumbly and

brittle, with white feltlike layers of mycelium occupying the cracks.

Infection caused by this fungus is illustrated in Plate XVI, figure 1

.

One of the most common fungi found on fallen Sitka spruce, be-

sides the red-belt fungus, is the lacquer-top fungus {Ganoderma
oregonense)^ readily recognized by the shiny, lacquerlike, reddish

upper surface of the annual fruiting body. This organism has not

been reported on a living spruce, but is often found on its associate,

the hemlock. There are a number of other fungi of less importance

which live on fallen trunks, but do not attack living trees.

Sitka spruce is much freer from decay than either western hem-

lock or Douglas fi.r, but snags and down timber decay very rapidly.

The earliest infection appears in trees between 60 and 100 years of

age; only a slight amount of rot is found in stands between 150

and 300 years of age, and this is confined to the butts of trees. Over
300 years, or after maturity, how^ever, the tops commonly break off,

and top rot as well as butt rot is very prevalent, becoming more
marked with age. It is not unusual, however, to find trees of 400

years entirely sound at the butt and with very little deca}^ along the

trunk or in the top. In general, this species is remarkably free from

decay up to 200 years of age.

The amount of resin which the wood of a tree contains, or that

it is able to produce to cover any injury, affects its ability to ward
off disease. Spruce, which has very little resin, is almost never able
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to heal over scars or wounds along the bole ; here the spores of fungi

soon establish themselves and, on account of the very moist condi-

tions in spruce stands, cause the rapid decay of much sound wood.

Advance rot spreads quickly in this species, and, though often

hard to detect, it becomes very noticeable after lumber is dried. It

is commonly, though not always, accompanied by a change of color

in the wood, appearing as streaks of red, yellow, or green. Tests

were made recently by pathologists to show the effect of different

stages of decay on the strength of the wood, particularly for spruce

airplane stock, but these data are not yet available for publication.

INSECTS.i*

Although Sitka spruce, like other forest trees, is subject to insect

attacks, it is not so susceptible as most of its associates in the forests

of the Pacific coastal region. The attacks are naturally more serious

in pure or nearly pure stands of Sitka spruce than in stands in which
it occurs in mixture. Damage is caused by three classes of insects

—

bark beetles, defoliators, and borers. The first two classes attack

standing timber and the last works in felled trees.

The most important insect enemies of Sitka spruce are the bark

beetles, of which the most destructive is the Sitka spruce beetle

{Dendroctonus ohesus). This beetle attacks the living trees and
kills them by girdling in the cabium layer. In attacking the trees

the first broods enter the inner bark of the middle trunk, and those

which appear later extend the infestation to the base of the trunk

and even to the larger roots. This beetle also works in the inner

bark of stumps, logs, and slash of felled trees. Although no exten-

sive depredations of the Sitka spruce beetle have been found thus

far, it has been reported now and then that groups of Sitka spruce

have been killed by its activity. If infestations should ever become
widespread it would be possible to practice control operations hy
cutting and barking the infested trees before the beetles emerge in

the late spring. It would not be necessary to burn the bark in this

work.^^

From time to time Sitka spruce is subject to the attacks of such

defoliators as caterpillars, sawfly larvee, and aphids, all of which
destroy the needles and may therefore occasionally kill trees over

large areas. In Clatsop County, Oreg., in 1890 and 1891, Sitka

spruce and western hemlock were attacked and killed over an area

of thousands of acres by a caterpillar belonging to the Geometrid

family. During the years 1917 to 1920 the Sitka spruce and western

hemlock on. several hundred thousand acres on the Tongass National

" Prepared in collaboration with Forest Examiner A. J. Jaenicke, U. S. Forest Service.
'= For detailed Information regarding control measures, see Bulletin 83, Part I, " Bark

Beetles of the Genus Dendroctonus," by A. D. Hopkins, Bureau of Entomology, U. S. De-

partment of Agriculture.
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Forest in southeastern Alaska were defoliated by the combined activ-

ity of sawfly larva? and caterpillars belonging to the Tineid family.

Thus far only a small portion of the Sitka spruce in southeastern

Alaska has been killed by this widespread defoliation.

Occasionally aphids kill the foliage of Sitka spruce. The western

spruce gall louse {Aphis ahietina) is believed by Dr. A. D. Hop-

kins of the Bureau of Entomology to be the aphid which caused

the loss of the needles of Sitka spruce over thousands of acres of

forest in 1918 in various portions of the coast region in Oregon

and Washington. Fortunately the activity of this aphid was of

extremely short duration, and only about 15 per cent of the in-

fested spruce was killed. Most of this loss was confined to swamp
and tideland areas in the lower Columbia River basin and the

coast region and included only the poorer stands of timber. The
Sitka spruce gall aphid {Cherines cooleyi) is found very commonly
doing injury to Sitka spruce reproduction and occasionally causing

its death. Large trees also are attacked, but the injury to them

is rarely severe. These minute insects cause the development of

conelike galls which kill the affected twigs. Infested trees of special

value, such as those in parks and streets, may often, with good results,

be sprayed witli contact sprays like kerosene emulsion.

Fortunately the work of defoliators does not continue more than

a few years when it is controlled by natural agencies. Under forest

conditions control measures against this class of insects are not

feasible. However, defoliators greatly increase the fire hazard on

the areas on which they have been active. Nearly always the fires

which followed the defoliators did more damage than the insects

themselves. The reduction of the fire risk on the defoliated areas

is. therefore, an important consideration in defoliator problems.

Felled timber of Sitka spruce is subject to the attacks of various

wood borers. Logs cut between April and September are frequently

attacked, shortly after being felled, by ambrosia beetles, sometimes

called timber beetles or pinhole borers. These are small, elongate,

wood-boring beetles which excavate round black tunnels, the di-

ameter of a pencil lead, into the wood of dying trees and stumps,

as well as logs. Investigations by the Bureau of Entomology in

1919 showed that species of Gnathothrichus and Xyloterus commonly
attack Sitka spruce logs, as well as western hemlock and Douglas

fir. These borers may penetrate the wood to a depth of from 4

to 6 inches and therefore seriously reduce the value of the sapwood,

especially when Sitka spruce is being used for such special pur-

poses as airplane stock. The logs which are cut in the late fall and
winter are usually attacked in the following spring. Logs cut in

the early fall are not entered that season; and, if piled loosely in
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the open, they often dry sufficiently to be protected from attack the

following spring. Logs placed in water are safe from further in-

jury. Damage by these borers can be prevented almost entirely by
removing the logs from the woods or placing them in water as soon

as they are cut.

Larger wood borers are an important factor in the deterioration

of the sapwood and heartwood of fire-killed trees and logs. During
the first two summers after the death of the trees or the felling of

the trees the borers are most active, and at the end of the two-year

period the salvage value is usually next to nothing. If the logs

are placed in water or barked within a few weeks after cutting, losses

by these borers may be avoided. Logs which are loosely piled in

the open soon after cutting usually escape damage because of the

rapid drying out of the thin bark, which is then unattractive to the

borers for the laying of eggs. Dr. J. M. Swaine, of the Canadian

Entomological Branch, recommends covering the logs thickly with

brush. The logs to be covered should be piled on skidways and

given a very thick covering of green limbs so that the sunlight can

not penetrate at all to the logs beneath.

Sitka spruce, because of its characteristically shallow root system,

can not withstand severe winds. Trees which grow on exposed

situations along the coast where they encounter severe winds are

Avindfirm, but they are also scrubby and of little use for lumber. In

the virgin forests under normal conditions only the very diseased

trees are likely to be windthrown, but in cut-over areas trees isolated

by logging and those which border on fresh cuttings are invariably

windthrown. (PI. XVIII.) Spruce trees which have grown in

dense stands never become wind-resistant, and full consideration

must be given this fact before a method of cutting and a man-

agement policy are adopted for a spruce forest.

The hurricane that swept the western edge of the Olympic pen-

insula, Washington, in January, 1921, felled from 5 to 95 per cent

of the timber on, a swath 60 miles long and 20 miles wide in the

heart of the spruce belt. Six billion feet or more of virgin western

hemlock, Sitka spruce, Douglas fir, silver fir, and western red cedar

timber was laid flat by the wind. Perhaps a billion feet of Sitka

spruce in the State of Washington was windthrown in that storm.

All species suffered alike regardless of their relative windfirmness.

In addition to windthrow, other damage from the elements is

wrought upon spruce timber by breakage and wind-shake. The

breakage consists in the shattering of the tops of overmature and

decadent trees, and this permits the entrance of fungous growth,
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Avliich spreads quickly through the sound wood and renders much
of the upper trunk unmerchantable. Damage from this cause is

very common in trees over 300 years of age. Wind-shake is a me-

chanical defect resulting from heavy stresses in the butt section

which are caused by the action of severe winds, and is of infrequent

occurrence in large trees. This circular or radial rupture of the

wood considerably reduces the value of the tree for lumber.

Another injury is the formation of huge burls along the trunks.

This defect has been found abundantly in a limited area in Oregon.

The illustrations in Plate XIX are typical examples of the defect.

Its cause is uncertain, though probably analogous to similar mal-

formations in many other species.

FIRE.

Sitka spruce is fortunate in having as its habitat a region in

which there is less forest-fire hazard than in most parts of the conif-

erous forest regions of western North America. Frequent rains

throughout the year in southeastern Alaska make fires in the virgin

spruce woods there quite uncommon; farther south in Washington
and Oregon there is more danger of forest fires in the short dry

season. Fires in this region are apt to run in the crowns of the

trees, and they do so even in the spring months when the surface

litter is still too wet to burn. The moss that hangs on the branches

of the hemlock, spruce, and fir trees is very inflammable and helps

to carry fire. The spruce region of Oregon suffered from several

very disastrous and widespread fires a few decades ago, as the
" burns " of the Coast Range witness.

Sitka spruce is very susceptible to fire. This is due chiefly to its

thin bark, which at stump height is only a half-inch to an inch

thick. Fire-scars are uncommon in Sitka spruce, for even a very

light surface fire is sufficient to kill the cambium, and the trees,

thus girdled, die.

Although an individual tree of Sitka spruce is more susceptible

to injury than a Douglas fir of the same size, the forest in which it

grows along the coast is less subject to fire than the forest farther

inland where Douglas fir predominates. Even though the danger of

uncontrollable fires is less in the Coast Range than in the Cascade

Range, careful fire protection in both regions is imperative.

GROWTH.

Sitka spruce is one of the most rapid-growing coniferous species

in the Pacific Northwest. In keeping with the character of spruces

in general, its growth during the first few years is less than that of
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many other conifers; but thereafter it increases in size with great

rapidity and maintains a fast growth until late in life. Its rate of

growth naturally varies with the quality and the character of stand.

Moisture conditions are an important factor and growth is more
rapid on wet bottomland situations than on the drier slopes. The
growth of Sitka spruce varies also in different parts of its range, and
is more rapid in Oregon, Washington, and British Columbia than
either farther south or north. Average figures on height, diameter,

and volume growth are given in the tables that follow, but it is real-

ized that these are not universally applicable. In the appendix will

be found tables of growth from several different localities.

In the seedling stage the height growth of Sitka spruce is fairly

rapid, but not so fast at this period as that of its associates, Douglas
fir, western hemlock, and western red cedar. Table 5 shows the

height growth of dominant, open-grown Sitka spruce seedlings, and
is compiled from measurements taken of young trees which grew in

seven different localities and sites in Oregon and Washington. Here
the reproduction was sometimes found in pure stands, but more often

in mixture with other species.

Table 5.

—

Height of dominant, open-grown Sitka spruce seedlings, averaged for
all sites in Oregon and Washington.

[Based on 2,102 sectional measurements of 322 trees.]

(Curved.)

Age.
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The figures given in Table G indicate the average total height and

average annual height growth in each decade of older spruce of vari-

ous ages, averaged from the measurement of 554 dominant trees. The

figures are dependable for trees up to 300 years; beyond that age

reliable height-growth figures are diiRcult to obtain, because very old

spruce trees are commonly stag-headed.

Table 6.

—

Average total height at various ages, and average annual height

growth in each decade of Sitka spruce on all sites in Oregon and Washington.

[Based on 1,260 sectional measurements of 554 dominant trees.] (Curved.)

Age.
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Table 7.

—

Average diameter outside bark at 15 feet above ground at various
ages and average annual diameter gruivth in each decade of Sitka spruce
growing on all sites in Oregon and Washington.

[Based on measurement
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The volume growth of Sitka spruce is also rapid and well sus-

tained. Table 8 indicates the average diameter, height, and volume,

and the average volume growth that may he expected of dominant
Sitka spruce trees in the spruce region of Oregon and Washington.

The figures for diameter, height, and board-foot volume were taken

from Tables 6, 7, and 11. Those for cubic-foot volume were sup-

plied from a tree diagram in wliich the figures for average diameters

and heights were combined with complete stem analyses of 10 domi-

nant trees.

As indicated in this table, the periodic annual volume increment

of spruce at 100 years exceeds 5 cul)ic feet, and at 300 years it is

double this amount. The periodic annual growth continues greater

than the mean annual for a long time after 300 years. At 100 years

of age the volume of the entire stem without bark of dominant Sitka

spruce trees approaches the high figure of 300 cubic feet, and at 200

and 300 years it exceeds 1,000 and- 2,000 cubic feet respectively.

Table 8.

—

Average diameter, height, and volume and average volume growth of
dominant Sitka spruce trees in Oregon and Washington.
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of conditions which obtain in the virgin forest, it is possible to give

an idea of what may be expected under average conditions. The
number of trees and the yield per acre in Table 9 are based on the

averaged and curved values of twelve sample plots from one-half to

5 acres in size. On six of these plots Sitka spruce made up 88 to

100 per cent of the stand by volume ; on five of them it made up 50 to

82 per cent, and on one plot it comprised 25 per cent. The plots

were in essentially even-aged stands, except that the older stands

contained an underwood of younger hemlock and cedar trees.

Table 9.

—

Average yield per acre of stands of Sitka spruce and associated species
on good quality sites in Oregon and Washington.

(Curved )

Age.
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purposes, that the tree has habits of growth and hardiness that rec-

ommend it as a tree for the forester to favor and propagate for the

forests of the future. It should be the objective, therefore, of tim-

bermen and foresters so to manage spruce lands that they may be-

come reforested through natural seeding, and that the new crop may
contain a desirable admixture of Sitka spruce wherever this species

will thrive.

Much of the land upon which the virgin forests of spruce occur

has agricultural value and will be put to that use after the removal

of the timber. On such lands no effort need be made by the forester

or lumberman to promote a new crop to take the place of the one

removed, but on all other lands this should be done.

The rapid extension of logging operations in this type makes very

timely a discussion of methods of forest management which will in-

sure continuous crops of timber.

OWNERSHIP.

The present ownership of the commercial Sitka spruce is shown in

Table 10.

Table 10.- -Oivnership of Sitka spruce tivi'ber, hy classes of otoiiers, in millions

of feet, hoard measure.

Ownership.
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in the Quinault Indian Reservation. In Oregon they are confined

to the Siuslaw National Forest and several military and lighthouse

reservations.

FIRE PROTECTION.

The most important factor in the management of the Sitka spruce

type is fire protection. Without effective fire protection all other ;

steps in forest conservation are useless. The virgin forests of the !

Sitka spruce type in the coastal belt are perhaps less likely to suffer

from fire than the Douglas fir forests of the Cascade Eange, but they

are by no means immune. Systematic organized fire protection dur-

ing the two or three dry summer months is essential for the safety

not only of the virgin forest but also of the new crop of reproduc-

tion which follows logging. In the course of lumbering, special

precautions should be taken by operators to prevent the escape of

fire, for an accidental and uncontrolled fire in dry slashings may gain

such headway that it will do great damage to adjoining standing

timber and especially to areas of second-growth timber on older

cuttings.

METHOD OF CUTTING.

Clear cutting is the method of logging universally employed in the

spruce region ; it is the only method practicable in these dense forests

of very large trees. Moreover, Sitka spruce and western hemlock

when isolated by the removal of a part of the stand are so subject to

windthrow that any method of resei*ving seed trees of these species

or of making a selection cutting is technically undesirable. Steam
logging, moreover, fits in well with the requirements of the species,

except so far as it increases the fire hazard, for it helps to expose the

mineral soil.

SLASH DISPOSAL.

Slash disposal in the heavy forests of the Pacific coast region^

means the elimination of slash by broadcast burning. The objects

are to reduce the fire hazard in the debris left after logging, to pro-

vide a proper seed bed for reproduction, and to retard the spread of

insect and fungous diseases.

By far the most important of the above objects is to reduce the fire

hazard. Since this is so the necessity for burning slash depends

largely upon the fire menace of the region. Although in the spruce

belt of Oregon and Washington the rainfall is abundant and fogs

are frequent throughout most of the year, there are two months or

more in the summer when slashings become diy, and uncontrollable

fires may start and do untold damage. Because of this Sitka spruce

slashings in this region should ordinarily be burned.
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In Alaska, on the other hand, the clanger of forest fires in the

spruce belt is not great even in old cuttings because of frequent and

heavy rains in the summer as well as throughout the rest of the year.

Slash burning, therefore, is unnecessary and, moreover, highly un-

desirable, because it destroys the layer of humus and duff with whicli

the rock is all too scantily covered in that thin-soiled country. For-

esters recommend that in Alaska the slash be lopped and allowed to

lie, and this is the required practice after logging on the national

forests of the Territory.

If slash is to be burned in Sitka spruce stands, it is very important

that it should be done the first spring or fall following logging, so

that the crop of seedlings which springs up in the first growing sea-

son after cutting will not be killed by the fire. Slash burning should

also be done at a time when the weather conditions are such that

the fire can be held in control on the area which it is intended to burn.

Further, the slash fire should be hot enough to clean up all the

inflammable debris.

PROVISIONS FOR REPRODUCTION.

Studies of old cuttings indicate that Sitka spruce reproduction

ordinarily follows the removal of the virgin forest, unless the area

has been subjected to repeated fires. Keproduction is abundant

where the slash has not been burned at all, as well as where there

has been but one slash fire immediately after logging. Sitka spruce

seems to be represented in the reproduction in as abundant pro-

portions as it was in the original forest. It is apparent that this

abundant reproduction following logging comes from seed which

had accumulated in the ground before the virgin timber was cut,

had escaped injury from fire (if the slashing was burned), and had

germinated when the forest floor became exposed to the light and

warmth of the sun's rays. Because of this adequate store of seed

in the ground, special provisions for leaving spruce seed trees is not

essential, provided only that the area is. effectively safeguarded from

fires after this seed genninates. As a precaution in case of an

accidental fire, and as an added assurance of natural reproduction,

it is well to leave occasional seed trees of such wind-firm associated

species as Douglas fir, choosing those which are good seed producers.

It is not ordinarily advisable to leave single seed trees of Sitka

spruce, for they are too likely to be wind thrown. To secure some

of this species in the next crop, reliance must be placed on the seed

stored in the forest floor and released by the cutting of the virgin

forest.

If natural reproduction does not restock an area adequately, it

may occasionally be advisable in the interest of good management



32 BULLETIN 1060, U. S. DEPARTMENT OF AGRICULTURE.

to renew the forest artificially by seeding or by planting nursery-

grown trees. This may be advisable if repeated fires have so de-

nuded the land of seed trees and of reproduction arising from stored

seed that there is no way for the natural regeneration of the stand

to take place except by the slow process of migration from the sur-

rounding timber. Methods of artificial reforestation of Sitka spruce

are in general similar to those employed for Douglas fir. Occasion-

ally successful results may be obtained from the direct sowing of

seed on the denuded area, either broadcast or in specially prepared

spots. This method, however, is very uncertain because of the like-

lihood of the seed being destroyed by birds or rodents and because

of the heavy mortality which frequently occurs among the young

seedlings during the first years after germination. Planting nursery-

grown trees is a more dependable method, and while the initial

expense may be greater than that of direct seeding, it may prove to

be cheaper in the end. The use of 3-year-old transplant stock is

recommended. On the better quality of sites Sitka spruce may be

planted pure over relatively small areas ; but, since it more commonly

occurs associated with other species, a mixture of spruce with Douglas

fir or hemlock is usually preferable. The composition of the former

stand should largely govern the choice of species.

ROTATION.

A relatively short rotation is possible in Sitka spruce forests be-

cause of their rapid growth. Crops suitable for pulpwood might be

produced on the best sites in 40 years or less, and crops for saw timber

in twice that period. Information on the growth rate of the Alaskan

forests is meager, but the indications are that a somewhat longer

period will be required to produce timber suitable for various pur-

poses than is needed in Oregon and Washington.
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APPENDIX.

Table 11.

—

Volume table for Sitka spruce in Oregon and Washington.

This table is based on the lueasurenient in 1914 and 1919 of 450 felled Sitka

spruce {Picea sitchensis) trees, grown in fully stocked stands, averaged for all

sites and seven localities at elevations from sea level to 1,200 feet, and from

southern Oregon to northern Washington. Trees were scaled by Scribner

Decimal C rule to a top diameter of 10 inches inside bark ; actual height of stump

was used (it averaged 8 feet) ; logs were scaled in 32-foot lengths and less, plus

an allowance of 0.5 foot for trimming. The table was constructed by the frustum

form factor method and volumes curved. Trees are classified according to their

diameter outside bark at 1 foot above pronounced basal swell, which was found

to average 8 feet above ground. No allowance is made for defect or breakage.

Breakage in 184 trees amounted to less than 2 per cent of merchantable volume.
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Table 12.

—

Volume table for Sitka spruce in Behm Canal {Alaska) region.

This table is based on taper measurements, in 1917, of 131 trees, total

height and length of tip of 28 trees, and total height only of 92 trees which
grew near Loring, Alaska. Figures indicate merchantable volumes, scaled

by Scribner Decimal C rule, and represent contents from stump height of 2

feet and up to 6 inches d. i. b. at top. They are unreliable for trees over 44

inches in diameter. The table was prepared under the direction of R. E. Kan
Smith.

Diameter breast-high.
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T.M5LE lA.—Coiiiporatlve diameters at hreast height and above sivell of Sitka

spruce, based on maximum taper.

This table is based on maxiinum taper measurements of 37 trees which
grew in Oregon and Washington. The figures under " taper " are inches per

foot of vertical distance. The diameters above swell are noted for average

heights of swell.
(Curved.)

Diameter breast-
high.

Diameter
above
swell.

Inches. Inches.
60

!
51

65 [ 56
70 61
75 66
80 67
85 71
90 76
95 72
100

;

77
105 81

Average
height
of swell.

Taper.

Feet.
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Table 15.

—

Average total height of Sitka spruce, etc.—Continued.

Age.
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Table 16.

—

Average diameter outside bark at 15 feet above ground of Sitka
spruce on all sites in different parts of Oregon and Washington—Continued.

Age.
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Dimension, plank, and small timbers

:

Selected Common, Common.
Lath: Standard Grade.

Turning squares : Standard Grade.

Molding stock : Standard Grade.

Panel stock : No. 1, No. 2.

Factory lumber : Select Factory, No. 1

Shop, No. 2 Shop, 1-inch Shop Com-
mon.

Car siding and roofing: B and Better.

Ladder stock:, Special Grade.

Cut-up sash and door stock: No. 1,

No. 2.

Piano posts : Special Grade.

Sounding-board stock: Special Grade.

Box lumber : No. 1, No. 2, No. 3.

Airplane stock : Special Grade.

Flitches: Special Grade.

LOG GRADES IN BRITISH COLUMBIA."

SPRUCE, PINE, AND COTTONWOOD.

No. 1 : Logs 12 feet and over in length, 30 inches in diameter and over, up to

32 feet long, 24 inches if over 32 feet long, reasonably straight, clear, free from

_. such defects as would impair the value for clear lumber.

y^ y^o. 2 : LoSM^ess than 14 inches in diameter and not over 24 feet long, or not

less than 12 inches in diameter and over 24 feet long, sound, reasonably straight,

free from rotten knots or bunch knots, and the grain straight enough to insure

strength.

No. 3: Logs having visible defects, such as bad crooks, bad knots, or other

defects that would lower the grade of lumber below merchantable.

Cull : Logs lower in grade than No. 3 will be classed as culls.

18 " Forests of British Columbia," by H. N. Whitford and R. D. Craig, p. 170, 1918.

ADDITIONAL COPIES
OF THIS PUBLICATION MAT BE PROCURED FROM

THE SUPERINTENDENT OF DOCUMENTS
GOVERNMENT PRINTING OFFICE

WASHINGTON, D. C.

AT
25 CENTS PER COPY
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INTRODUCTION.

Several species of snout-beetles nearly related to the common plum
curculio {Canotrachelus nenuphar Wost.) attack the immature fruits,

tender shoots, and leaf petioles of walnut and hickory. Four such

species are discussed herein, all belonging to the genus Conotrachelus

and all having evidently at times been confused under the one most

familiar species, Conotrachelus juglandis Lee. The four species

throughout the several stages of their development resemble one an-

other closely in appearance, habits, and seasonal activities, except

that they select different food plants or have different methods of

attack.

Several members of this group attack acorns and there are also

several species of an allied group of snout-beetles (genus Balaninus)

the larvse of which feed in mature, or nearly mature, chestnuts, hick-

ory nuts, hazelnuts, and acorns.' These are not dealt with in this

bulletin.
88253°—22
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THE BUTTERNUT CURCULIO.'

The butternut curculio has been known commonly in the past

either as the " walnut weevil " or " walnut curculio." It would seem
that for the members of this group whose larvae feed in immature
nuts the term " curculio " is to be preferred in order to disassociate

them in the popular mind from members of the Balaninus group,

which have long been known as "nut weevils." The other part of the

name is here restricted to " butternut " for the reason that this species

appears to confine its attacks almost exclusively to our native butter'^

nut {Juglans cmerea) and to introduced walnuts of the butternut

type. There is a very similar but distinct species to which the name
" walnut curculio " could be applied with equal appropriateness. In
rearing several hundred specimens the writer has failed to obtain

a single individual of C. juglandis from infested young black wal-

nuts {Juglans nigra) , the species commonly attacking black walnuts

being Conotrachetus retentus Say, described on pages 7-11. One
beetle of C. retentus was found among a lot of beetles of C. juglandis

reared from butternuts, and it is possible that with both species of

insect there is occasional interchange of hosts.

The butternut curculio also attacks and injures seriously the fruit

and small branches of various species of introduced walnuts, being

especially destructive to the Japanese walnuts {J. sieholdiana and

/. cordiformis) which are of the butternut type. (PI. II, D ; PI.

Ill, B.)
DISTRIBUTION.

The known range of the butternut curculio extends from the

Provinces of Ontario and Quebec, Canada, south through the New
England States, Wisconsin, Iowa, and Kansas to Alabama and

Georgia. Britton and Kirk ^ record it from 20 States within the

boundary just given. The distribution of the insect follows rather

closely the natural range of the butternut, which is its favorite native

food plant. Throughout the general range of the insect there are

evidently man}^ localities, even where host trees abound, in which it

is very rarely found. In many other localities it is abundant and

destructive.
FOOD PLANTS.

Britton and Kirk - give the food plants in the order of preference

shown as follows : Juglans cordiformis^ J. sieboldiana^ J. cinerea, J.

regia, J. nigra, and J. niandshuria. They quote Dr. Kobert T. Mor-

1 Conotrachelus juglandis Lee. ; suborder Rhynchophora, family Curculionidae, tribe

Cryptorliynchini.
2 Britton, W. E., and Kirk, II. B. Life history and habits of the walnut weevil

OR CURCULIO. In 12th Ann. Rept. State Ent. Coun., p. 240-253. 1912.
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ris, a nut grower, of New York City and Stamford, Conn., as stating

that he has observed this ciirculio on various species of hickory.

Blatchley and Leng ^ record the species as " occurring on wahiut, but-

ternut, and hickory, the larvse breeding in the green fruit."

The present writer has found this curculio attacking extensively

the fruit of our native butternut (•/. cmerea) and the shoots and
leaf petioles of the Japanese walnuts (/. sieboldiana and /. cordi-

formis). It was found less frequently feeding and ovipositing in

the shoots of the native butternut and the fruits of the Japanese

walnuts. Several beetles were found in September on the branches

of a young tree of Juglans cathayensis growing in Arnold Arbore-

tum, at Boston, Mass., and there were evidences of serious injury to

the branches made earlier in the season by the larvse. Similar

although less extensi^'e injurj^ was noted on a tree of the same spe-

cies growing in one of the parks of Rochester, N. Y.

NATURE AND EXTENT OF INJURY.

The injury inflicted b}^ this insect consists of feeding punctures

made by the adults in the nuts, tender tips, and leaf petioles and
the burrows of the larvse in the nuts and new growth of various

species of walnuts. Extensive injury has been reported from Con-
necticut,* wdiere young transplanted trees and trees in the nursery

row have been partially or entirely killed by the larvse working in

the branches. The most serious loss of this kind has been to the

Japanese walnuts, although trees of the Persian walnut have suf-

fered to some extent. Britton and Kirk ^ describe infestation in one
nursery as follows

:

111 a nursery at New Cauaan [Conn.], about the middle of September, Mr.
Kirk noticed a row containing about 265 trees of Juglans sieholdiana on all

of which the larvse were tunneling in the new growth. An adjoining row of

about the same number of ./. rcgia trees was only slightly attacked, and another
adjoining row containing about 400 trees of black walnut, J. nigra, were unin-

fested. Several hundred other trees of J. sieboldiana in another part of the

same nursery were badly infested, not a single tree escaping. Here, also,

was noticed the fall attack of the adults at the base of the leaf petioles, and
two adults were collected.

During the present investigation the writer has observed serious

injury to young trees of /. siehaJoliana, J. cordiformis, and /. cathay-

ensis in Massachusetts, Comiecticut, and New York. Southward,
particularly in Maryland and "West Virginia, extensive attacks

upon the fruit of the native butternut occur regularly. Many cases

have been observed in which 50 per cent or more of the nuts dropped
from trees prematurely on account of injury by the curculio larvse,

the percentage of loss being greatest in years of light crops. Farther

" Blatchley, W. S., and Lexg, C. W. RHrxcHOPHORA or weevils of xortheasterx
AMERICA, p. 469. 1916.

* Britton, W. E., and Kirk, H. B. Op. cit.
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north attacks upon the fruit of the native butternut seem less exten-

sive, although at least a few infested nuts can usually be found upon
or beneath any bearing tree. A case of slight injury to the nuts was
found in 1920 in Jefferson County, N. Y. At nearly the same time

about 20 bearing butternut trees were examined along the St. Law-
rence River, in St. Lawrence County, N. Y., and not a trace of the in-

sect found. Beetles were reared from both shoots and fruit of •/.

sieholdiarKi collected at Lockport, N. Y., and larvae were abundant in

butternuts collected at Lake AVinnepesaukee, in central New Hamp-
shire.

Occasionally the larvse are found boring in young shoots of butter-

nut at French Creek, W. Va., oviposition evidently taking place in

the tips of these shoots before the fruit is large enough to be attacked.

On July 2, 1920, in the last-named locality, 60 half-grown butternuts

were picked at random from the lower branches of one tree. Of these

60 nuts 48 contained egg punctures of the curculio and 12 were

sound. A number of nearly full-grown larvae were also found bor-

ing in the terminal shoots and leaf petioles. These larva) averaged

larger than those in the nuts, indicating, as in numerous other obser-

vations made, that eggs are first laid in the shoots.

LIFE HISTORY.

The butternut curculio has but one generation annually, and, like

other members of the genus, passes the Avinter in the adult stage. In

West Virginia oviposition begins in May and continues practically

all summer, a^aparently reaching its maximum the last of June or the

first of July.

The Qgg is oblong, oval, creamy white, with the surface like ground

glass. (PI. I, D and ^; PI. II, .1, 5, and C.) Three measured on

July 2, 1920, were uniformly 1 mm. long by 0.6 mm. wide. Two
measured on June 7, of the same year, were 0.9 mm. long by 0.6 mm.
wide. Britton and Kirk ' give the following dimensions : Length,

0.95 mm. ; thickness, 0.57 mm. Most of the eggs hatch in from 8 to

10 days, although the period may extend to 15 days.

The larva3 are whitish, or dirty white, with brown head and black-

ish mandibles. (PI. II, Z>; PI. Ill, ^1 and B.) The length is 12 to

13 mm. and the thickness 3 mm. Feeding in the nuts and shoots, they

become full grown in four or five weeks and then enter the ground to

pupate. Nuts that are attacked when very small usually furnish

^ Bkitton, W. E., and Kirk, H. B. Op. cit.
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The Butternut Curculio.

, Afliilt ciirciilio oxcavatiiig cks chamber in Ijiittertiiit: h, adult femali' oxcavaliiif; cKt; chanibi-r
accompaiiiRfl by male: c, curculio on tip of yoiinR butternut, a favorite restlnR place; d, eg);s
in young butternut exposed by cutting away the skin; e, eggs near tip of butternuts, a favorite
place for vipositioa while the nuts are small. All enlarged.
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The Butternut Curculio.

a, E<;s and ef,'g-puiictares near tip of young butternut, egg exposed bv removing sldii of nut;

b,eggsin shoot of Japanese walnut; c, eggs; d, larva boring in pith of Japanese walnut shoot.

All'enlarged.
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The Butternut Curculio.

,
Larvae iu husk of butternut: h, larva iu shoot of Japanese walnut; c, pup^ within pupal

cells in the groinid. All sUghtly enlarged.
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enough food to bring onl}' one larva to maturity, but nuts that Ijecome

infested when larger may contain from four to six larvae which reach

full growth. After leaving their feeding places preparatory to

pupation the larvae arc active and crawl rapidly. ^\Tien exposed to

the light they have a habit of bending and catching the anal tip under

the jaws and then releasing the tip with a jerk, sometimes throwing

themselves in this way a distance equal to the length of the body. The

larvae issue chiefly in the early morning hours and enter the soil as

quickly thereafter as possible. In AVest Virginia larvae began to

issue from butternuts on July 18 and continued to appear until Sep-

tember 4. Table 1 shows the rate of emergence.

Table 1.

—

Time and rate of emergence of Inrvce of the butternut ctircuUo from
half a bushel of hutternuts at French Creek, ir. ^'a., durini/ the season of
1920.

Date.
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The beetle (PI. 1, A, B, and C) resembles very closely the common
plum ciirculio, being brownish gray with a variable, whitish, curved
line on each side of the thorax and a broad whitish band behind the

middle of the elytra. The back is marked with prominent humps and
ridges and is covered with short gray and whitish pubescence. The
strong curved beak is nearly half as long as the body, and the body,

exclusive of the beak, averages about 7 mm. in length. The general

appearance of the beetle is rough and angular.

The young beetles issue from the soil in late summer and early

autumn, 64 individuals issuing in AVest Virginia between August 17

and September 6. Of these beetles the maximum daily emergence of

13 took place on August 27. A few beetles continued to come from
earth in rearing jars up fo the middle of October. These young
beetles reach the trees before those of the parent generation have all

died, and, like them, feed suiRciently in the autumn on the surface of

terminal shoots and leaf petioles to suggest their destruction with

arsenical spraj^s in September or early October. The beetles go into

hibernation, probably in litter on the ground, with the approach of

freezing weather.

The beetles issue from hibernation in the spring at about the time

walnut trees come into bloom and resort at once to their host trees.

They may at this time be jarred in abundance from butternut trees,

a few having been taken in West Virginia by jarring black walnut

and hickory trees growing near butternut trees. With very few ex-

ceptions, however, the species jan-ed from black walnut at this season

of the year has been C. retentus and those from hickory C. aratus.

This usually holds good even where the three kinds of trees grow in

close proximity.

Feeding begins in a limited way soon after the beetles appear on

the trees, the food consisting of stem and leaf tissues of the new
growth. The feeding marks in the stems are in the form of irregu-

lar pits reaching through the bark and are sometimes extensive

enough to cause the leaves and tips to droop and die. Oviposition

soon begins, the first eggs being laid in the new growth which forms

before the fruit is large enough to be attacked. In the native butter-

nut most of the eggs are withheld until the nuts are large enough to

receiA'e them, this being when the nuts are about an inch long. In

young and tender nuts practicallj'' all the eggs are placed in crescent-

shaped marks eaten into the husk near the blossom end. (PI. I, E

;

PI. II, A.) By means of an extrusive ovipositor the ^gg is thrust

into a small pocket excavated beneath the tongue of skin on the con-

cave side of the crescent. The beetles are often found resting upon
the remnants of the blossom that project from the tip of the young
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nuts (PI. I, C). and in excavating the egg chamber in such nuts the

female beetle takes her position on this withered part of the blossom,

and, with her head pointing toward the nut, proceeds to excavate the

. crescent-shaped egg chamber. On account of her method of work
the concave side of the crescent faces the tip. (PI. II, A.) It is

not unusual to find a young butternut with a row of these crescent

marks completely encircling the blossom end.

As the nuts develop and the husk becomes tougher the beetle

changes somewhat her method of procedure, and instead of cutting

out the crescents for her eggs, places them in simple cavities gouged

into the side of the nut through small openings in the skin. Such
cavities are usually arranged in groups, the skin about the wounds
being marked by dark stains from slight exudations of juice and from
excrement voided by the beetle during the excavating process. These

groups of punctures often contain half a dozen eggs each, one having
been found by the writer wliich contained 11.

NATURAL ENEMIES.

During this investigation two species of dipterous parasites have

been reared in West Virginia from larvae of the butternut curculio.

These have been determined by Dr. J. M. Aldrich, of the United

States National Musemn, as Chaetochlorops inquilina Coq. and Cho-

lomyia longipes Fab. Both species are rather abundant, the first-

named, especially, rendering good service in holding the curculio in

check. Other investigators have reared the following species from
this host: Metadexia tasalis G.-T., Cholomyia inaequipes Bigot,

Myiophasia aenea ^Med., and Sir/alpMis curcuJionis Fitch.

THE BLACK-WALNUT CURCULIO.'

In June, 1919, the ground beneath bearing black walnut trees

{Juglans nigra) at French Creek, W. Va., was found to be strewn

thickly with young nuts the size of small marbles. Examination

showed that each nut contained a single dirty-white larva half an
inch or less in length. A quantity of the nuts were collected and
placed in rearing jars with the expectation that in due time beetles

of Conotrachelus juglomdis would be reared therefrom. When the

beetles appeared, however, they were slightly different from C. jug-

Jandis, and specimens submitted to Mr. E. A. Schwarz, of the

United States Department of Agriculture, were determined as Cono-

trachelus retentus Say, a species the habits of which had liitherto

been practically unknown. Further observations proved that this

species attacks commonly the young fruits of black walnut in many
localities in the eastern part of this country.

^ Conotrachelus retentus Say; suborder Rhynchophora, family Curculionida<', trilje

Cryptorhynchini.
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DISTRIBUTION.

This species was described and named nearly a century ago by
Thomas Say.^ Since Say's description was published entomologists

have from time to time collected specimens of the beetle, but no •

data on the feeding habits of the species have found their way into

print. There are records of beetles being collected at Allegheny, Pa.,

Topeka, Kans., Mendenhall, Miss., and Haulover, Fla. During the

present investigation the writer has collected the species at Harris-

burg and York, Pa.; Hagerstown, Cumberland, and New Windsor,

Md. ; Morgantown and French Creek, W. Va. ; Fincastle, Gala, Lick

Run. Marion, McDowell, Oak Ridge, Pulaski, and Radford, Va. ; and

Black Mountain and Hickory, N. C.

FOOD PLANTS.

No food i)lants of this curculio seem to be known other than the

black walnut {Juglans nigra) and butternut {J.cinerea). Of these

two, the black walnut is much preferred, only one beetle of the species

having been obtained in extensive rearings from butternut. Hamil-

ton records taking the beetles by beating red oak sprouts, and the

present writer has collected them from hickory trees growing close

to black walnut. The occurrence of the beetles on both the red oak

and hickory was probably accidental.

NATURE AND EXTENT OF INJURY.

Except for its different food plant, this species corresponds very

closely in all its activities as well as in appearance with the butternut

curculio. The adults feed on the tender shoots and leaf petioles and

make oviposition scars and feeding punctures in young black walnuts

similar to those made in butternuts by the other species. The larvae

develop in young black walnuts and cause the nuts to drop, usually

l)efore they are half grown. The larvae are occasionally, but rarely,

found burrowing in the tender shoots of black walnut.

In seasons when black walnut trees are bearing a light crop

of nuts a large percentage of the crop may become infested and

drop, but in years of heavy fruitage the curculios do no more than to

effect an unimportant thinning of the nuts. The following notes of

field observations indicate degrees of infestation such as were fre-

quently noted. On June 15, 1920, 17 newly set black walnuts were

picked from the lower branches of a tree growing in a parklike

woods near Cumberland, Md. Of these 17 nuts, 16 contained cur-

culio Qgg^ punctures and the other a feeding puncture. On the 16th

of the same month 50 per cent of the nuts on trees growing along

the highway at New Windsor, Md., were found infested. At French

'Say, Thomas. Entomology of north amebica. (Leconte ed.) v. 1, p. 295. 1839.
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The Black-Walnut Curculio.

a and d, Female beetles excavating egg chamber in young black walnuts; 6, egg; c, larva con-

structing pupal cellin the ground; e, egg punctures in young walnut; /, pupa; g, egg punctures

in walnuts.



Jul. 1066, U. S. Dept. of Agriculture. PLATE V.

: *'.*^A«a • -^.'
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r n ,?f>

The Black-Walnut Curculio.

a, E,s;e;in natural position exposed by removing skin of yonnir tiUuk walinil: l>. .mnnp of

egg punctures in half-grown black "walnut; c, parasHic ll\- Chohimijin lunii/ins: d. ])npa>

within pupal cells in earth; e, cocoons ofthe parasilc Tliirsilovlms aiiiu/nicln li (>ff\]\>yh\g

the pupal cells of the curculio after killing and devouring the liosi larva'. ,\ 11 enlarged.
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Creek, W. Va., 400 young nuts were gathered at random from the

lower branches of four black walnut trees growing in a pasture

iSeld. Of this lot of nuts 289 contained 466 egg punctures and the

remaining 111 were sound. In another instance in the locality last

mentioned 1,447 infested nuts dropped from one tree dunng the

season.

So far as observations have l)een made, the black walnut curculio

seems much more abundant and injurious in the latitude of Mary-

land and West Virginia than within the range of the black walnut

farther to the north. In the vicinities of Trenton, X. J., Lancaster,

Pa., Rochester and Lockport, N. Y., and Wallingford, Conn., a num-

ber of bearing black walnut trees were examined without finding

any evidences of the presence of the curculio. Locality records by

various entomologists and observations made during the present in-

vestigation indicate a southern rather than a northern range for this

species.

LIFE HISTORY.

The egg (PL IV, B; PI. V, A) is oval, oblong, creamy white, sur-

face delicately granulose, 1 mm. long by 0.7 mm. wide. Eggs that

are deposited in young, tender nuts are placed beneath the flap of

skin within a crescent-shaped puncture eaten out of the side of the

nut (PI. IV, E, G). In the more solid husk of half-grown nuts the

eggs are inserted in less elaborate punctures which resemble pin

pricks and extend directly into the husk. (PI. V, B.) These sim-

ple egg punctures in the more nearly mature nuts are usually formed

in groups of from three to six on the side of the nut.

About a dozen eggs deposited in nuts on the trees on July 15

hatched on the morning of July 22 and an equal number deposited

on July 16 hatched on July 23, an incubation period in both cases

of 7 days under natural conditions. Two other lots of eggs laid

and kept in an open insectary hatched in five and six days, respec-

tively. In West Virginia oviposition begins normally during the

last days of May and continues through June and most of July.

The larva (PI. IV, C) is creamy white with brown head, legless,

and fusiform. It assumes naturall}- a curved position and is sparsely

clothed with short, stiff hairs. The length is 11 mm. and the thick-

ness 3 mm. As soon as hatched it begins to feed from the side of

the oviposition wound, and, in young nuts, soon devours the whole

interior. In the older nuts feeding is done chiefly in the husk. The

infested nut adheres to the branch until the larva is at least half

grown, and then drops, the larva continuing to feed while the nut

^
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dries and hardens on the ground. When the larva is full grown it

ceases feeding, assumes a clearer cream color, and, after a period of

a week or two of inactivity within the nut, cuts its way out through
the shell and enters the ground to a depth of from 2 to 4 inches to

pupate. Larva? may be found in the nuts from early in June until

late in September. In one lot of 805 larvae which issued from in-

fested black walnuts kept in rearing jars the first larva left the nut
on July 14 and the last on September 21. These larvae, like those

of the butternut curculio, chiefly issued early in the morning and
the largest numbers always in cool weather. In small green nuts

only one larva matures to the nut, but two or three lar^'^ee may de-

velop together in a large nut. Apparently where several larvae hatch

and begin feeding in a small nut one individual always kills and
devours the others. In two or three instances one larva was found
killing and eating its fellow. On entering the ground the larA^a

seeks a place where the soil is solid and fashions a smooth-walled

cell (PL IV, 0; PI. V, D), where it rests for several days before

pupating.
PUPA.

The pupa (PI. IV, F; PI. V, />) is white and is about 9 mm. long

by 3 mm. thick. The abdomen, thorax, and wing pads are covered

thinly with short, stiff hairs, these hairs being shortest on the wing
pads. The pupa occupies an unlined earthen cell from 2 to 4 inches

beneath the surface of the ground. The pupa stage covers a period

of from twe to three weeks.

The mature beetle (PI. IV, A and B) is dull reddish-brown and
covered with grayish pubescence. There is a lighter colored, in-

distinct, broad band behind the middle of the elytra and a vague,

broken line of the same lighter shade on each side of the thorax.

The snout is half as long as the body and the back is ridged and

punctured. The length averages from 6 to 7 mm. This beetle in

size and general shape resembles very closely the butternut curculio

but its color markings and elytral sculpturing are less pronounced.

The newly developed beetles begin issuing from the ground in

August; the first specimens were obtained in this investigation

on August 7. In one rearing cage 75 beetles came from the ground

between August 13 and September 2, the maximum emergence tak-

ing place from August 24 to 29.

In late summer and early autumn the young beetles may be found

on their host trees, where they apparently feed on the leaf petioles

before seeking their hibernation quarters. The beetles live through

the winter, probably hidden in the duff at the surface of the ground,
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and resume activity in the spring in time to be on black walnut

trees when the male catkins of the walnut are fully developed. As
soon as the leaves and tender shoots appear the beetles attack them,

sometimes feeding rather extensively. Soon thereafter they begin

egg-laying in the young fruit. There is considerable variation in

the time the fruit sets on individual trees of the black walnut in

any locality and the beetles collect on the trees where the develop-

ing nutlets are at the stage just to their liking. This is immediately

after the female catkins on the point of the nut are beginning to

wither. Most of the eggs are deposited in nuts at this stage of

their development, although the beetles continue to oviposit to some

extent in nuts that are larger.

The beetles live normally throughout most of the summer and

oviposit over a period of at least two months. Several over-

wintering beetles confined in screen cages placed over walnut branches

on the trees lived until the last of August. It is thus possible in

late summer to find the parent beetles and their mature ofiispring to-

gether on the trees.

NATURAL ENEMIES.

At least five species of insect parasites were found attacking the

black walnut curculio in its larva and pupa stages. Three species of

parasitic flies, determined by Dr. J. M. Aldrich as Chaetocliloroys hi-

quilina Coq., Ckolonujia longipes Fab. (PL V, C) , and Fannia can'icu-

laris L., were reared from this host in considerable numbers. Two
hymenopterous parasites, determined by Mr. R. A. Cushman as Trl-

cispls curcuUonis var. rufus (Riley) and The-rs'dochus conotfacTieli

(Riley) (PI. V, £') were also obtained in the rearing jars. Still

another parasite, determined by Mr. R. A. Fonts as a new species of

Belyta, was found in jars in which this curculio was being reared.

THE HICKORY-NUT CURCULIO.'

The hickory-nut curculio is very similar to the two species just dis-

cussed, but it attacks the immature nuts of various kinds of hickory

instead of walnuts. The beetles appear upon the trees somewhat later

in spring than the other two and lay their first eggs in hickory nuts

that are at least half grown, although before the nut kernels have
begun to form. The most conspicuous manifestation of the presence

of the insect is the dropping of the infested nuts about midsummer.
It is not unusual in July and August to find in some localities the

ground beneath bearing hickory trees strewn thickly with green nuts.

Examination of these nuts will disclose a brownish oviposition scar

* Conoirachelu» (iffinis Boh. ; suborder Rhyucbophora, family Curculionidae, tribe

Cryptorhynchini.



12 BULLETIN 1066, U. S. DEPARTMENT OF AGRICULTUEE.

on the side of the nut (PL VI, C) and a whitish larva feeding within.

(PI. VI, D.) The dropping of nuts from this cause is sometimes

very heavy.
HISTORY AND DISTRIBUTION.

This species was described and named in 1837 by Boheman.®

Since the original description was published the species has been

referred to occasionally by entomologists, but it has at no time at-

tracted extensive notice. It has been recorded from the States of

New Jersey, Ohio, Virginia, West Virginia, Louisiana, Florida, and

the District of Columbia.

FOOD PLANTS.

During the last 15 years the writer has reared this curculio

frequently from hickory nuts in West Virginia. Pierce ^° has

reared it from hickory nuts in Louisiana. Apparently its attacks

are confined to the nuts of various species of hickory. In West Vir-

ginia the nuts of the pignut hickory, Hicoria glabra^ seem to be pre-

ferred to those of other species, although shagbark hickory nuts,

H. ovata, are sometimes attacked extensively. Nuts of ^. alha and

H. minima are attacked to some extent and it is probable that injury

may occur to the nuts of all species of hickory that grow within the

range of the insect.

LIFE HISTORY.

The egg (PI. VI, B) is oblong, elliptical, translucent white, the

surface smooth and shiny. The average dimensions are 1 mm. long

by 0.6 mm. thick. The eggs hatch in from five to seven days.

The larva (PI. VI, D) is white with light brown head, full-grown

specimens measuring 12 mm. in length. The larvae are practically

identical with those of the preceding species except that they taper

somewhat more abruptly at the anal end than Conotrachelus retentus^

and the bristles, with which the body is sparsely clothed, are shorter

and less conspicuous than in C. juglandis. They are found feeding

singly in fallen nuts during the months of July and August. The

infested nuts drop about 20 days after oviposition takes place,

or about 2 weelis after the larvae begin to feed. At the time

of dropping, the nuts average from one-half to two-thirds grown.

"BOHEMAN, C. H., In SCHOENHEKK, C. J. STNONYMIA INSECTORUM. GENERA ET

SPECIES CURCULIONIDUM, t. 4, pars. 1, p. 42&-430. 1837.
i» Pierce, W. Dwight. On the biologies of the khtnchophora of north America.

Studies from tlic Zoological Laboratory of the University of Nebraska, No. 78. Nebr.

State Bd. Agr., Rpt. Zoologist, p. 274. 1907.
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THE HlCKORY-NUT CURCULIO.

a, Adult ciirculio resting on hickory nut; 6, egg exposed by cutting away the husk of the nut

from around the egg chamber: c, oviposition scars in shagbark hickory nuts; d, larva feeding

in shaubark hickory nut; e, parasitic fly Ckolomijia longlpes.
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Plate VII.

The Hickory-Shoot Curculio.
a, Adult excavating egg chamber in leaf petiole; 6, ovipositioa sears; c, egg exposed by cuttingaway bark; d and e, larvffi feeding at base of leaf petioles; /,llrv8e

^
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The Hickory-Shoot Curculio.

Efie in hickory shoot, exposed by removing bark; 6, pupae; c, hairworm parasite of

larva by dead body of its host; d, curculio larva killed by larvae of parasitic fly, Chacto-

chlorops inquilina, "with pupae of parasite on right; e, adult parasite C. tnquihna.
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The larvae continue feeding in the nuts for 10 days or 2 weeks after

they are on the ground and then leave through exit holes made at

the oviposition sear.

PUPA.

The pupa is delicate white, sparsely covered with short bristles, as

in juglandis and retentus^ and is of the same general size and shape

as the adult. Pupation usually takes place within unlined cells of

earth an inch or tAvo below the surface of the ground. In a few in-

stances pupation was found occurring within host nuts that were

buried beneath damp, fallen leaves. The pupa stage covers a period

of approximately 30 days.

The adult (PI. VI, A) is reddish brown with a conspicuous broad

band of a lighter grayish shade behind the middle of the elytra. The
snout is long, and the general size, shape, and markings of the beetle

are similar to those of C. juglandis and C. retentus. It may be dis-

tinguished from C. retentus by its more reddish color, the light mark-
ings on the thorax and elytra often having a pinkish cast, and from
C. jugJondis by the less prominent humps and ridges of the elytra

and also by the more pronounced reddish shade of the elytra 1 and
thoracic bands and markings.

The young beetles issue from the ground from August to October;

they have appeared in rearing jars at French Creek, W. Va., from
August 12 to October 15. Soon after emergence from their pupal

quarters they go into hibernation and do not reappear until late the

following spring.

Oviposition in the latitude of West Virginia begins late in Jane
and covers a period of at least four weeks. The eggs are laid in cir-

cular or sometimes crescent-shaped scars on the side of the nut, the

scars soon taking on a brownish or blackish color and becoming
rather conspicuous. (PI. VI, C.) It has been observed frequently

that in nuts of Tlicoria gJcibra the oviposition marks are made near

the point of the nut, while in those of H. ovata the marks are directly

on the side or near the stem end. Also, beetles developing from nuts

of H. ovata average larger than tliose from the nuts of H. glabra.

The beetles are especially active at nightfall and have been ob-

served ovipositing after dark.

NATURAL ENEMIES.

Numerous specimens of a parasitic fly were reared in September
from larvie of this curculio. (PI. VI, E.) The species was determined

by Dr. J. M. Aldrich as Cholomym longipes Fab. A few specimens

of another fly determined by Aldrich as Mijiophasm glohosa Towns,
were also reared from the larvae. Two hymenopterous species were
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found parasitic upon the larvae ; one of these was determined by Mr.

R. A. Cushman as Triaspis curculionis var. rufus (Riley) and the

other by Mr. C. F. W. Muesebeck as a new species of Microgaster.

Pierce ^^ records rearing the parasitic fly Mylophasia aenea Wied.

from this host.

THE HICKORY-SHOOT CURCULIO.^'

Soon after the growth of hickory begins in the spring the tender

tips and leaf petioles may be found disfigured by dark, V-shaped

marks on the bark about an eighth of an inch long. (PI. VII, B.)

These are the Q:^g punctures of a small snout-beetle which may be

known as the hickory-shoot curculio. Often these marks occur in

series of from 5 to 10 along the shoot, one above each leaf axil. Ex-

amination of these marks usually discloses either the single white

egg (PI. VII, C ; PI. VIII, ^) or a small white grub feeding in the

stem (PI. VII, D and E). The affected tip or leaf usually withers

and drops as a result of the injury. No instance of serious loss

from this insect has come under the writer's notice, but injurious

attacks, especially to newly transplanted hickory trees, are a pos-

sibility.
DISTRIBUTION.

This species was described from Kentucky in 1824 and has since

been recorded from Mas.sachusetts, Connecticut, New Jersey, Florida,

and Texas. The writer has found it abundantly at French Creek,

W. Va., and has observed its work in other West Virginia localities.

FOOD PLANTS.

This curculio has been observed attacking the shoots of the fol-

lowing hickories in West Virginia : Hicorla miniTna, H. ovata, H.

alba, H. glahm, and H. pecan.

LIFE HISTORY.

The egg (PI. VII, C ; PI. VIII, A) is oval, oblong, creamy white,

semitransparent, and averages 1.1 mm. by 0.7 mm. It occupies a

sliallow cavity at the side of an elongate slit which the female beetle

makes with her snout in the bark of tender twigs and leaf petioles.

(PL VII, A.) After the egg is deposited the bark over the egg

cavity and along the edges of the slit turns dark and the wound
shows as a blackish, triangular spot on the green bark. (PL VII, B.)

Several eggs laid on May 24 hatched on May 30, the incubation

period being six days.

»i Pierce, W. Dwight. A list op parasites kxown to attack American rhtncho-
PHORA. In Jour. Eeon. Ent., v. 1, no. G, p. 390. in08.

1- ConotracJwlus aratv^ Germ., suborder Rhynchophora, family Curculionidae, tribe

Cryptorbyncblni.
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The larva (PI. YII, Z>, E^ and F) is yellowisli white with brown

head and bLick jaws and is covered with scatterin<x. short bristles,

those on the dorsal surface of the last three segments beini^ longer

than those elsewhere. The length of the larva averages 10 mm. and

the thickness at the middle 2 mm. Except for its slightly smaller

size it is practically indistinguishable from those of other species

described herein.

The favorite feeding place of the larva is in the heart of the bulb-

like swelling at the base of the leaf petiole. (PI. VII, D and E.)

It also mines in the pith of the shoots and leaf stems, making bur-

rows an inch or two long. The season of activity is in the spring and

The delicate, white pupa (PI. VIII, B) is characteristic of the

group and occupies an earthen cell from one-half inch to 2 inches

below the surface of the ground. The pupa stage covers a period

of not more than two or three weeks.

The beetle (PI. VII, ^) is considerably smaller than any other of

the curculios discussed herein, an average specimen measuring 5

mm. in length and 2 mm. in thickness. The color is dull grayish

brown with a more or less indistinct, broad band of yellowish pubes-

cence behind the middle of the elytra and a narrow line of the same
color on each side of the thorax. The snout is stout and curved and

as long as the head and thorax combined.

The newly transformed beetles issue from the ground in mid-

summer and probably spend thereafter a period of comparative in-

activity on hickory trees before hibernating in the autumn. With
the bursting of hickory buds the following spring they reappear and
begin ovipositing as soon as the shoots are a few inches long. They
feed rather freely at this time, eating out small pits which extend

through the bark of the young growth. Beetles were found fre-

quently hiding between the folds of the expanding buds of hickory.

In ovipositing the female spends 30 to 40 minutes in preparing a

place for the egg^ and while thus engaged is often guarded closely

by a male.
NATURAL ENEMIES.

The larvae while feeding and developing became rather heavily

parasitized, at least 50 per cent of them dying from this cause during

the two seasons they were kept under observation. Three species of
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flies, determined by Dr. J. M. Aldrich as Myiophasia glohosa Towns.,

Cholomyioi longipes Fab., and Chuetochloroj)s inquilma Coq. (PI.

VIII, D and E)^ were reared from the larvse. Two larvse in rearing

cages died when full-grown and from each of their bodies there issued

a hairworm several inches long, the species of which was not deter-

mined (PI. VIII, 6').

METHODS OF CONTROLLING NUT-INFESTING CURCULIOS.

The dropping of curculio-infested walnuts and hickory nuts before

the larvae within them mature affords an opportunity for destroying

the young insects by collecting and burning, or otherwise disposing

of the fallen nuts. This method can be resorted to with success, how-

ever, only in cases of isolated trees or plantations. In localities

where the nut trees abound in woods a sufficient number of the cur-

culio beetles will develop on them to visit ajid injure any near-by

plantations of the same kind. AVliere this means of reducing the in-

sects is practiced collections should be made as often as once a week in

order to secure the nuts before the larvre leave them to enter the

ground for the completion of their development.

All the curculios discussed herein do more or less feeding in the

beetle stage before oviposition begins in the spring. A considerable

part of this food consists of the surface tissues of stems, leaves, and

fruit. This makes it possible theoretically to destroy the beetles be-

fore their eggs are laid by spraying with arsenical poisons. Limited

experiments by the writer indicate that lead arsenate applications

soon after growth starts in the spring can be counted on to give good

results in reducing injury, at least from the butternut and black wal-

nut curculios.
* Britton and Kirk ^^ have found that spraying walnut trees with

lead arsenate at a strength of 6 pounds to 50 gallons of water is an

effective method of controlling the butternut curculio. Morris," in

writing of attacks of the butternut curcuho which were so extensive

as to kill nearly 300 young English walnuts and several hundred

young Japanese walnuts, states that subsequent spraying with 1

pound of lead arsenate to 10 gallons of water killed the beetles and

prevented further injury.

^3 Britton, W. E., and Kirk, H. B. Op cit.

" Morris, Robert T. Method for combating the walnut weevil. In Amer. Nut

Joura., V. 10, no. 5, p. 71. 1919.

o
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INTRODUCTORY.

In American literature two distinct species have been confused

under the name Pyrausta penitalis Grote. One of them, the smart-

weed borer, has recently been described as new under the name P.

ainsliel by Carl Heinrich (1^^), of the Bureau of Entomolog}\ The
other, the lotus borer, described originally by Grote {1) and later

redescribed by Smith {3) as Botis nelumbialis, has been casually

studied by several observers, but up to the present time no complete

account of its biology has been available. The two species are closely

related and very similar, in many morphological and biological char-

acters, to the recently introduced European corn borer, P. nuhilalis

Hiibner. It seemed possible that a close study of -the life histor}^ and
habits of the two native species might bring to light some facts which

would help in determining the potentialities of the new pest. In

accordance with this plan the first paper dealing with P. abisllei from
the biological side has already. been published {18). The present

paper deals with the similar aspects of P. penitalis. Both the results

» Reference is made by number (italic) to " Literature cited," p. 13.

101477—22
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of the writers' observations and previously published data are in-

cluded herein. The morphology and diagnostic characters of this i

and the other species mentioned, which have already been admirably
|

worked out by Heinrich {16) and also by Flint and Malloch {17) '

and Mosher {13^ 15)^ are largely omitted from this discussion.

SYSTEMATIC HISTORY.

Pymusta penitailis was first described by Grote {1) under the

generic name Botis from material taken on Nelmnbo lutea at Law-
rence, Kans. In 1890 it was redescribecl by Smith {3) as Botis ne-

lambialis from "Egyptian" (more properly "Indian") lotus,

/V. nucifera, at Bordentown, N. J. Thinking that he was dealing

with this species, Coquillett {2) published some notes on a form
which has since been shown (i^, H) to be distinct, probably P. fu-

tilalis. Riley and Howard (4, p. 31^9, Townsend (5, p. Jt67), Coquil-

lett (7, pp. 15, 17, 19, 27), and Viereck {11, p. 463) record parasites

which will be more fully noted later. Hart {6, p. 180), gives some
scattered biological information and descriptions of the various

stages as observed on A^. lutea along the Illinois River. Coquillett

(7) first used the name in its present form, and Dyar {9, p. 391) lists

the species as occurring ,in the south Atlantic States, with B. nelum-

lialis Smith as a synonym. Chittenden {12) summarized all the

facts available up to the time of his paper and from them formu-

lated a tentative life cycle which, because of the fact that he was con-

sidering two species, one of them at the time undescribed, will have

to be considerably modified. Welch {^) has made the latest con-

tribution to our knowledge of the species, and his observations,

made at Sandusky Bay, Lake Erie, although good, are incom-

plete as to life history, because they covered only a small part of the

growing season. His conclusions, however, come nearer the facts

than any hitherto published.

STUDIES AT KNOXVILLE, TENN.

FIELD COLLECTIONS.

The authors' work on the species dates from July 19, 1919, when,

after considerable search, a plantation of the yellow lotus or water

chinquapin {Nelumho lutea) (PI. I) was located at Kimberlin

Height's, about 15 miles from our laboratory at Knoxville, Tenn. This

plantation consisted of a dense border of the plants surrounding a mud-

bottomed pond of about 3 acres on the campus of a small denomina-

tional school. It was said that the plants had started several years

before from seeds thrown into the pond by one of the students. As

nearly as the authors have been able to ascertain, this is noAv the only

occurrence of the plant in eastern Tennessee, although it is known
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that before the coming of the white man the Indians cultivated it

for its edible seeds and rootstocks in many places along the Cumber-

land and Tennessee Rivers.

The first examination showed that the plants were heavily in-

fested by the very insect the writers desired to study. Throughout

the rest of the season of 1919 frequent careful studies were made of

the conditions at Kimberlin Heights, and quantities of material were

brought to the laboratory for closer study and for rearing purposes.

At the time of the first visit, July 19, the main blooming season

was closing. There were still a few flowers and scattering buds.

-None of the seed pods had ripened, but the oldest ones were fully

grown. A count showed that there were 472 pods in all stages in the

plantation. Of these, 80 (IT per cent) showed work of the larvae

and were collected and examined individually. They contained 39

empty pupal shells, 23 j^upse, and 2 larvae in the prepupal stage.

Moths began to emerge at once, or, more properly, continued to

emerge from the pupae until July 28, when the last one appeared.

On July 19, larvae, evidently the progeny of the earliest moths, M^ere

found feeding on the leaves. These larvae were mostly small, only a

few half grown, and none mature. When taken to the laboratory for

rearing they began to pupate July 28, and the first moths of this gen-

eration emerged August 4. From this time on there was a continual

overlapping of generations, larvae both from the later moths of the

first generation and from those of the second being inseparably mixed.

From these larvae and from others collected on July 28, moths con-

tinued to emerge until August 27. On August 5 no very small larvae

could be found. The youngest observed probably were in the third

instar, but several egg masses were found, so it seemed probable that

the last moths of the first generation had not yet disappeared. On this

same date it was also found that the larvae of this generation instead

of seeking pupation quarters in the seed heads w^ere burrowing in the

upper ends of the petioles of the older leaves, preparing there a pupa-

tion chamber, and that a few had already pupated. One empty pupa
shell was found in this location, which seemingly indicated that the

secoiid generation of moths had just begun to emerge. More pupae

and prepupal larva' subsequently were found in the petioles, and

larvie, in gradually lessening numbers, still feeding on the leaves and

in the petioles, were found until September 18. Three were found on

this date, but thereafter the most thorough search of the lotus and of

all likely hiding places in the vicinity of the pond failed to reveal a

trace of their whereabouts.

A further and more careful study in this locality was planned for

1 920, but for some obscure reason the lotus was very much less vigor-

ous. Comparatively few leaves and buds appeared and only a few

small larvae w^ere found in colonies on June 29.
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REARING RECORDS.

So much for field observations. On each examination of the pond

material was collected and brought to the laboratory for rearing.

The results obtained throw additional light on the seasonal habits of

the moths. As stated above, pupge taken in the seed heads July 19

continued to develop moths until July 28. Larvae taken at the same

time on the leaves varied greatly in size, some of them being very

small. The first of these pupated July 28, the last August 15. Moths,

emerged from August 4 to August 22. Another collection of larvae

made from the leaves July 28 pupated August 3 to August 18, and

moths emerged August 12 to August 27. A mass of eggs found

August 6 hatched August 9, and the larvae were reared. They pupated

August 28 to September 2, and the moths emerged September 9 to

September 17. Another series of larvae taken both from petioles and

leaf blades on August 5 pupated from August 6 to August 22, and

moths emerged August 13 to August 29. Larvae from a lot of 67 col-

lected August 15 pupated from August 17 to September 12, and

moths emerged August 28 to September 22.

LIFE CYCLE.

Assuming for the present, as seems probable, that the species passes:

the winter in the larval stage, it is evident that the life history must

be substantially as follows

:

The overwintering larvae pupate and the moths emerge and oviposit

about mid-June. The resulting larvae feed on the leaves, and when

fairly grown, about July 1, seek the flowers and enter the young pods,

feeding upon them to some extent and pupating within them. The

moths of this first generation emerge from July 7 to July 28. Eggs

are at once produced by these moths and constitute the first stage of

the second generation. The eggs soon hatch, and the oldest of the

larvae produced are approximately half grown by July 19 ; but moths

of the first generation continue to oviposit until about August 5, so.

that second-generation larvae are hatching continuously from July 10

to August 8. A collection of these larvae made July 28 pupated Au-

gust 3 to 18 and moths emerged August 12 to 27. These larvae of the

second generation feed on the leaves and pupate in the upper ends of

the leaf petioles.

The moths of the second generation give rise to the third-genera-

tion eggs and larvae, which survive the winter and constitute the

spring generation. It seems possible that some of the smaller larvae

of the second generation seek hibernation quarters instead of com-

pleting their growth the same fall. In this case there would be only

two generations annually, but it seems probable that there are three

generations as a rule. Their behavior from the time the laryse seek
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PYRAUSTA PENITALIS.

A , Partial view of pond at KimberUn Heights, Tenn., showing Nduvibo Men flowers, ripePf^s, and mar-

gin of old dving leaves floating on water. B, Method of pod development in lotus: n t^^h- h arnwn.

pods in horizontal position; c, erect, mature pods; d, pod deformed by work of borer.
a, Bud; 6, growing
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PYRAUSTA PENITALIS.

A, Underside of infested pod, showing entrance hole of borer. B, Same pod as in A . Face
view showing deformed sockets and seeds caused by work of larva beneath. C, Face
of another pod, showing less common method of entrance. D, Egg masses on leaf surface,
i^, Larva beneath web on leaf.
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PYRAUSTA PENITALIS.

^.Injured leaf. B, Leaf bearing both central and peripheral feeding areas. C, An old floating

leaf, showing mound of Irass covering the opening to the pupal chamber in the petiole beneath.

D, An old, much eaten leaf after the remaining membrane has dried and dropped out.
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A ."EJl

PYRAUSTA PENITALIS.
A, Portion of plantation at Kimberlin Heights, Teiin., sliOA'ing close association of lotus and

cat-tail rush. B, Upper end of leaf petiole, opened to show pupal cavity and cocoon.
C, Same as in B. Leaf cut in half and petiole spUt to show position of pupal cavity.
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^vinter quarters in the fall until the young larvae of tl)e first o-eneration

appear on the leaves in June is unknown, and the outline here given

for that period is hypothetical.

FEEDING HABITS ON THE LEAVES

After hatching, the larva? feed gregariously for a time, gnawing

off the epidermis of the leaf in irregular patches, first protecting

themselves with a shielding network of brownish silk stretched

across some slight concavity of the leaf or producing such a concav-

ity by its tension. They soon scatter, each forming a similar retreat

of its own (PI. II, F), either in the center of the leaf above the peti-

ole attachment or around the margin where the edge is easily drawn

up a little to form the necessary free space beneath the web (PL III,

A, B). Less often a larva locates on the blade between the center

and the margin. Protected and partially screened by the webs, the

larvae strip the epidermis from the leaf, those at the center in a

more or less radiate pattern and those at the margin following the

periphery. They extend their retreat as they exhaust the food sup-

ply and occasionally prolong the feeding area irregularly inward

tow\ard the disk of the leaf. At no stage is the entire substance of

the leaf eaten. The areas from which the epidermis is stripped soon

turn brown, dry, and fall out, leaving the leaf lacelike along the

margin (PI." Ill, D) and generally tattered in appearance.

Although at Kimberlin Heights no larvse were observed in the

act, it is evident that they moved about from leaf to leaf and from

one portion of a leaf to another. Small feeding webs were often

found uninhabited, and tiny larvee w-ere found in retreats evidently

occupied previously by much larger ones. Where several larvae oc-

curred on one leaf the retreats often overlapped around the margin,

giving the effect of a large retreat occupied by several larvae. No
evidence was found of the larvae swimming from one leaf to an-

other as was observed by Welch in Lake Erie. The leaves were in

almost every case contiguous to each other, especially when swayed
by the breeze, and no need for such a means of locomotion was ap-

parent. Then, too, the old floating leaves, loose from their petioles,

drifted back and forth across the pond before the wind and, work-

ing in among the standing leaves, formed pontoon bridges between

the petioles. (PI. I, A.)

One exceptional instance was observed in which a leaf standing

somewhat by itself but not especially isolated was found with a

series of six holes in the petiole between the blade and water, each

of which opened into a short cavity containing a fully mature
larva evidently preparing to pupate. Not another larva was found
in such a location, and this case can only be explained on the ground
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that the hu-A^se marooned on this leaf, unable to seek their usual pu-
pation quarters, were forced to enter the petiole.

From laboratory experiments it was found that when placed in

water the larvae, especially those nearly mature, were sustained on
the surface film and were able to make considerable progress by lat-

eral contortions. When once fully submerged, however, they Avere

unable to regain the surface. Larvse of Pyrausta aimliel under the

same conditions behaA^ed similarly but did not advance as rapidly
Avlien swimming.

FEEDING HABITS ON THE PODS.

The larvse of the first generation apparently utilize the green,

groAving pod for food as Avell as for pupation. After the floral parts

fall aAvay, the pod normally droops (PI. I, B, &) until its flat, seed-

bearing face is vertical, becoming erect again when nearly mature
(PI. I, B, c). Until maturity the seeds remain tightly embedded in

their sockets, and only as the pods ripen, turn brown, and dry do
they become loose, ultimately to be shaken out and sink in the water
and mud around the plants.

In entering the young pod the larva usually selects a point just

below the rim and on the underside of the pod as it hangs horizon-

tally (PI. II, A)
; less often it cuts in between the seeds on the flat

face of the pod (PL II, C). As the larva feeds Avithin, soft brown
frass is pushed out of the entrance hole in considerable quantity,

eventually drying and falling aAAay or being washed off by rain.

The interior of the fruit or pod is filled with parenchymatous tissue

through which run the vascular bundles nourishing the developing

seeds. After entering, the larva eats out more or less of a cavity in

this soft tissue and often cuts into or through two or three or more
of the seeds. WheneA^er a seed is injured even slightly or the

vascular bundle beneath it is cut, it turns brown and soon shrivels

to a mere remnant. These empty or partially empty sockets (PI.

II, B) are A^ery conspicuous and almost iuA^ariably indicate the pres-

ence or work of the larvse. Such injured pods are also frequently

much distorted (PI. I, B, d) and very unlike the ornamental, perfect

specimens. Although in a few cases the cocoon was found near the

face of the pod and, in fact, lying partially in and through some of

the injured seeds, the larva usually makes its way well toward the

base of the pod before cocooning.

In the pods collected at Kimberlin Heights July 19 the normal

number of seeds per pod varied from 10 to 25, with an aA^erage of

17. The work of the larvae resulted in the destruction of 5.9 seeds

on the average in each infested pod, or 34.7 per cent of the total

number in the infested pods and 5.88 per cent of those in the entire

plantation. The pods developing from the scattering flowers which
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continue to api)ear after the main bloomin*; season are generally

smaller, contain relatively few seeds, and often have empty sockets

due to incomplete fertilization.

80 far as is known, this lotus has at present no economic valiift

other than its very obvious qualifications as an ornamental plant. The
work of the larvae of this insect on the leaves (PL III) is conspicu-

ous and unsightly, and the attacks on the pods result in many mis-

shapen and distorted specimens as well as in the outrixdit destruction

of an appreciable proportion of the seeds.

PUPATION OF THE FIRST GENERATION.

Pupse of the first generation are formed in dense, tough, papery

cocoons in the growing pods. The cocoon is not conspicuous even

when the pod is opened, as it is stained and studded with brownish

excrement like the walls of the burrow. In the great majority of

cases it lies Avell toward the base of the pod with its long axis parallel

with the vascular bundles running to the seed sockets. Less often

it is found lying partially within or through one or more of the

partly consumed seeds. The cocoon and pupa are so much larger

than the seeds that it seems impossible for the pest ever to be acci-

dentally distributed in them. Larvae have been found lying entirely

within a single immature seed but never a pupa. In the cocoon the

pupa lies with its head toward the entrance, and after emergence

occurs the pupal shell remains entirely within the cocoon. The moth
escapes from the pod by the same opening through which the larva

entered it.

PUPATION OF THE SECOND GENERATION.

In the second generation the pupal habits are quite different, and
considerable search was required to locate the cocoon and pupa.

Even though a few pods continued to develop from stray flowers, they

were found attacked by larvae in onl}^ one or two cases, and the in-

creasing number of larvae reaching maturity made it certain that

they were seeking other quarters. Two possibilities were open—the

over-curled margins of the leaves and the petioles. The leaf margins

yielded only a very occasional pupa, not enough to solve the problem,

and the petioles, standing as they did from 15 to 30 inches above the

w^ater and offering apparently ideal conditions for a pupal burrow,

remained unscarred. To be sure, an occasional shallow pit was
found in the upper end, opening to the upper surface of the leaf blade,

but never one large enough to contain a larva.

The lotus at least in this plantation holds the leaves high above

the water on their stiff and milky-juiced supporting petioles until,

either from maturity or because of serious injury to the leaf surface,

they have about reached their limit; of usefulness. The petioles then
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weaken and allow the leaf disks to drop to the surface of the water

(PI. I, A) , where they soon yellow, decay, and sink. When these ma-
ture floating leaves were examined it was found that in the center of

the disk, directly above the petiole attachment, a large number of

the leaves had a round opening leading to a cavity in the upper end
of the petiole (PI. IV, B, C). This cavity was shallow, seldom ex-

tending more than 2 centimeters into the petiole, and usually just long

enough to accommodate the larva and its cocoon. The entrance was
<:iften surrounded and covered by a mound of soft brown frass pellets

(PI. Ill, C), and frequently the surface tissue of the leaf in an irreg-

idar area about it was scarred and eaten as if the larva after construct-

ing the cavity possessed still an appetite which it satisfied with the

nearest food at hand.

In the case of the prepupal larvae or pupae the cavity in the petiole

is lined with a substantial white silk fabric, densest at the upper end
(Pi. IV, B) . The entrance is closed with a very accurately cut whitish

lenticular disk of plant tissue which fits closely and is sealed in with

silk. This disk lies usually a little below the level of the leaf surface

and is concealed by the frass until the latter is washed away or other-

wise removed. This position of the pupal cavity, in the floating leaves

only, brings it below the water level.

Welch (74, V- ^19-221) has well described the construction of this

pupal chamber and'the feeding in connection therewith, and the be-

havior of the insects was found here to correspond closely with his

account. It is noteworthy, however, that in Lake Erie, where his

observations were made, the lotus leaves are always floating and not

held above the water, and their centers are higher than the periphery,

Avhile at Kimberlin Heights the leaves are held 15 to 30 inches above

the water and are cupped with the margins higher than the centers,

so that they often catch rain or dew to the amount of several cubic

centimeters and hold it until it evaporates or is spilled by the sway-

ing of the leaves in the wind. The insect evidently prefers to con-

struct its cocoon in an aquatic situation and so seeks the old floating

leaves at the approach of maturity. Never were young or partly

grown larvae found in the petioles, only those nearly mature and
probably in the last instar. Neither are the young and erect leaves

attacked in this way ; only the old, floating ones.

HABITS OF THE MOTHS.

The only moths seen in the open were the few found in and near

the lotus plantation. Several of them were captured and found to

be predominantly males. Their flight was rapid and erratic, and

they were wary and not easily approached. They came to rest

usually on the lower side of a lotus leaf and often flew among the

petioles and beneath the canopy formed by the leaves 2 or 3 feet
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above the water. No data are available as to the leiioth of life of

the moths in the open. A series of reared moths retained alive in tin

boxes supplied with a wad of wet cotton furnished the data on this

point contained in Table I.

Tarle I.

—

Length of life of reared moths in confinement {in termH of days).

Sex.
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were all isolated before emergence and remained virgins throughout

their lives, so these figures are doubtless below the normal.

FOOD PLANTS.

Unless some food plant other than lotus is inhabited by this insect,

it is difficult to explain its presence at Kimberlin Heights. From
present knowledge of its habits it is inconceivable that it came with

the seeds, and no other lotus is known to exist Avithin possible range

of flight of this moth. To determine whether the species is indigenous

or introduced, the writers have made plantings of lotus seed in several

isolated ponds many miles distant from this infestation.

Because of the confusion in the literature between this species and

Pyrausta ainsliei, several food plants have been attributed to it which

manifestly are erroneous. The only natural food plants which have

so far been reliably ascertained are the yellow lotus, Nelumho lutea^

and the Indian lotus, N. nucifera^ the latter an introduced species.

Smith (7(9, ;?. 525)^ mentions having found these larvae in stems of

cat-tail flag, Typha latifolia. At Kimberlin Heights conditions were

ideal for such a transfer, because the lotus and cat-tail grew inter-

mingled in several places (PI. IV, A). In attempts to find where the

larvae went for the winter, practically every cat-tail plant in the

vicinity of the pond was thoroughly dissected and examined. With

the single exception of one larva found behind a leaf sheaf no trace

of attacks on this plant were found.

In confinement in the laboratory partly grown larvae, taken on

lotus, fed readily and completed their growth on leaves of smart-

weed {Polygonum pennsylvanicum) ^
buckwheat {Fagopyrum fago-

pyrum)^ and clock {Rumex crispus). In other series, larvae were

reared from egg to adult on the same plants but the authors have

never seen any indication that these plants are used as food by this

insect under natural conditions. Numerous aquatic and subaquatic

plants and a large number of tlie common wild plants and weeds

were offered to the larvae, but all were refused except those men-

tioned. It is noteworthy that the normal food plants of P. ainsliei

are Polygonaceae but that that species can not develop on lotus.

There is a suggestion here of some common ancestry for the two

species, with members of the Polygonaceae as their food plants, and

that P. penitalis, having taken to lotus comparatively recently, has

not entirely lost its taste for the smartweed family.

ENEMIES.

In the course of its life several perils threaten the safety of this

insect. It does not seem to us that Welch's point (7^, P- ^^<5), as to

the construction of the silken web l^eing a special adaptation to its
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aquatic environment, is well taken, for many leaf and tree-feedinj^

caterpillars, exposed to the same or to <rreater risks, do not construct

protective webs and, on the other hand, many larvae living in

sheltered and well-protected situations do build burrows or webs

—

within which to work. Be that as it may, there is probably little

danger of wind or waves washing these caterpillars off the leaves.

DIPTEROUS PARASITES.

From living enemies, however, the}' do not oscajie so easily. Ac-

cording to the literature four species of tachinid flies have been

reared from the larvae. Townsencl (6) lists Exoristn Mrsuta. O. S.

(now E. vulgm'is Fall.) and Phorocera comstockii Will, as having

been reared by Forbes in Illinois. Coquillett (7, p. 17\ 19) adds

Ilypostena vai^labiUs Coq. and PanzeHa penitalis Coq. to this list.

Because of the confusion between Pyrawsta penitalis and Pyrausta

alnsliei and the impossibility of finding from the literature the ex-

act source of the material from which the parasites were reared, it

is possible that not all of these species attack the true Pyrausta

penitalis. Panzeria penitalis, for one. is known to be a parasite of

Pyrausta ainsliei, and there is no definite record of its ever having

been reared from lotus-feeding larvae. All of these records should

be verified in the light "of our more exact knowledge of their hosts.

HYMENOPTEROUS PARASITES.

Among the hymenopterous parasites, Bracon xanthostiqma Cress,

is listed by Eiley and Howard {J^. p. 1^39) as a parasite of this borer on

lotus at St. Louis, Mo. Viereck (i-/, p. £23) lists Meteorus commimis

Cress, with the simple statement that it parasitized P. penitalis. Hart
(6'. p. ISO) mentions one secondary and two primary parasites, but

without determinations. We recognize at least one of his parasites,

the braconid, making white cocoons singly on the leaf surface. (PL
III A.) This one, determined as Afwnteles harti Vier. by A. B.

Gahan, was found to be the most common at Kimberlin Heights. Its

small white cocoons (1.5 by 4 millimeters) are firmly fastened to the

leaf disk either under the webbing or exposed outside. In July they

were only occasionally seen, but by early September were much more

common and were killing from 10 to 25 per cent of the larvae. This

species evidently attacks the smaller larvae and completes its life as a

parasite when its host is scarcely more than half grown. None of

them developed from larvae larger than this. From 7 to 10 days

elapsed between the spinning of the cocoon by the parasite and the

emergence of the adult.

Another parasite, very likely the other mentioned by Hart (^, p,

i5i), which the writers found only a little less common than the fore-

going, is an undescribed, yellowish brown species of Microbracon (de-
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termined by Gahan). The parasitic grubs to the number of about a

dozen emerge from their host Larva shortly before time for the pupa-
tion of the hitter. They then spin a mass of brown silk cocoons so

tightly compacted that it is difficult even to determine their number.
This mass is found in the burrow or partially constructed cocoon of

tlie host. In more than one instance adults of this parasite were found
well within the larval burrow of the host, evidently hunting opportu-
nities for oviposition, but it is not known just how or at what age the
host larvae are attacked.

In three instances Chalcis ovata Say (det. Rohwer) was reared

from the pupse by the authors.

The authors found but one case of ^i^g parasitism. One egg mass
was taken which appeared darker than normal. When retained in a

vial, part of the eggs hatched normally, but the rest, which had
meanwhile turned jet black, gave forth adults of Trichogramma
minutum Riley (det, Gahan), one from each ^gg.

SCAVENGERS.

Very often small dipterous maggots were found in the empty bui

.

rows or feeding on decaying larvae or pupae. A number were reared,

and two species of flies were obtained, ApMochaeta chaetoneura

Malloch (det. Greene), and Elachiptera nigriceps Loew (det, Al-

drich). These were undoubtedly scavengers, and nothing was ob-

served to indicate that they were in any way injurious to sound

larvae or pupae. They seem to thrive equally well on putrid vege-

table matter, Coquillett (8) mentions rearing the latter of the two
species from the same situation many years earlier.

OTHER ENEMIES.

A somewhat peculiar catastrophe was found to happen very often

to the larvae which had prepared their pupation chambers in the

upper end of the petioles of the floating leaves. Some animal, evi-

dently, took a bite out of the side of the petiole close under the leaf,

thereby cutting into the cavity and its occupant. In some such cases

the cut-out portion of the petiole was left hanging, in others it was
gone, and often the predator had bitten the petiole entirely off at

this point. No portion of the larvae or pupae was ever found in the

cavity, and the work was very evidently done intentionally in search

for the insect. Often uninfested petioles were cut, evidently by

mistake. The possible authors of the work were (1) ducks, a small

flock of which frequented the pond; (2) frogs, of which there were

many, some of them very large; (3) fishes; and (4) turtles. The
character of the work eliminates the ducks and frogs because their

jaws are not sutficientl}^ strong to make such clean cuts as these were.

No direct evidence of the presence of fish was found, and in such
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a pond it would not be usual to find fish capable of doing such work.

There remain the turtles, whose heads w^ere frequently seen above

the water. The authors were unable to capture any to examine their

stomach contents, but by elimination they appear to be the most

probable authors of the mischief. Doctor Welch writes that he ob-

served nothing of the kind in Lake Erie. The effect of the work of

this depredator Avas a substantial reduction in the number of larvae

reaching maturity.
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USES FOR REPELLENT SPRAYS AGAINST FOREST AND SHADE-
TREE INSECTS.

During the past few years tliere has been an increasing demand for

a practical spray that will prevent insect attack to crude forest prod-

ucts such as green saw logs and timbers used in rustic construction.

Numerous requests for such a spray are received by the Bureau of

Entomology. These inquiries often number more than a hundred

through the summer months.

Although many lumbering firms request a spray for this purpose,

it is doubtful whether it would be really practical under ordinary

conditions. During the flight period of those insects which cause the

injury it would be necessary to apply the spray immediately after

felling the trees. It is more practical to prevent insect injury in lum-

bering operations by some alteration in the methods of management,

as by more prompt handling between felling and sawing or by sub-

merging the logs in water, than by spraying.

1 Resigned December 31, 1920.
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Frequently, however, storms blow over many millions of feet of

saw timber. Cases are on record where a single firm has lost in such

a manner 100,000,000 board feet. It is a phj^sical impossibility to log

these trees promptly and get them to the saw or into a place of safety,

although from 40 to 60 days' delay may mean total destruction of the

sapwood by borers. It might be feasible, however, to saw these trees

into log lengths and spray with some solution that would prevent

insect attack for two or three months, or until it was possible to haul

them to the mill.

The increasing use of the national forests and parks for recrea-

tional purposes has resulted in the construction of many rustic cabins.

Insects attacking the timbers in these buildings cause annoying exu-

dations of boring dust and loosen the bark so that later it peels off,

thus marring the artistic effect. Much of this injury to rustic work
could be prevented by cutting the trees at certain periods and by
proper seasoning. Frequenters of summer camping grounds can not

always plan to cut the trees at tlie proper time; in fact, it is more
frequently the case that the building is constructed during the sum-

mer months and the timber felled at that time—a period when the

wood is most susceptible to insect attack.

Thus in both situations it is often the case that the more practical

and economical means can not be used.

There is also a considerable demand for a suitable repellent spray

against certain shade-tree insects. Wood borers attack various spe-

cies of living trees, causing considerable injury or death. Under
certain circumstances a spraj could be used advantageously to repel

such insects and prevent oviposition. It would necessarily have to

be of materials that would not burn the younger bark, although,

except for mechanical difficulties, it would only be necessary to apply

the spray to the main trunk and larger limbs, since these are the only

parts attacked. Spray materials, the cost of which would be pro-

hil)itive for the protection of forest products, might be employed on

shade trees.

Under circumstances such as the foregoing it is evident that a

practical spray for the prevention of insect injury would be of much
benefit and its use should result in a considerable saving of forest

products and shade trees.

Owing to the many different insects, their different methods of

attacking tlie logs, the many kinds of wood to be protected, and the

exposure to weather conditions, the practical solution of this prob-

lem presents many difficulties. Several solution^ have been found
to meet the requirements, except that they are too expensive or too

difficult to apply. In the hope that the results so far obtained may
be a stimulus for further suggestions or work along this line the



EXPERIMENTS WITH SPRAY SOLUTIONS FOR GREEN LOGS. 3

j)roblem and the preliminary experiments conducted during the

years 191G to lUlO are here presented.

REQUISITES OF A PRACTICAL SPRAY.

It may be impossible to find a single spray solution that can be

used with success under all conditions, but it may be possible to

obtain good results by using several solutions, each of which is effec-

tive under certain conditions. Any spray to fulfill all the requisites

necessary for practical effectiveness must possess the following qual-

ities :

IT MUST BE EFFECTIVE AGAINST SEVERAL TYPES OF INSiECTS.

Many species of insects attack green timber. Some attack only

certain kinds of wood while others show little discrimination. In
some cases the injury is caused by the grubs or larvae feeding be-

neath the bark or in the wood, or by an adult which bores through

the bark and produces larva? that feed under the bark. According

to their method of attacking the wood, boring insects may be divided

into the following four groups

:

Type 1. Those that lay eggs in crevices of the bark. The larvae

hatching from these eggs then bore through the bark and later into

the wood.

Type 2. Those that gnaw a hole through the bark and insert the

egg beneath. The larvae start feeding directly beneath the bark and
later bore into the wood.

Type 3. Those that bore through the bark and wood as beetles,

to make a suitable place for developing a new brood. The grubs in

this case never cause injury.

Type 4. Those that bore through the bark as beetles and lay the

eggs beneath the bark. The resulting larvae feed beneath the bark

and loosen it.

The only spray that could possibly be effective against all these

types would be one of a disagreeable odor acting as a repellent, thus

driving away the adult beetles and preventing oviposition. Poison

sprays that will penetrate the outer layers of bark will kill the young
larvae of type 1, but experiments have demonstrated that such mate-

rials are not effective against types 2, 3, and 4. In these types most
of the beetles do not eat any of the bark or wood as they chew
through it and consequently are not poisoned. Possibly a poison

combined with a sticky substance that would form a film over the

bark and adhere to the mouth parts of the insects might kill them.

Insects of type 4 are not very injurious to saw logs, as they only

work beneath the bark and do not enter the wood, but they are

important in loosening the bark from rustic work. The others are

all injurious to both classes of timber.
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IT MUST BE EFFECTIVE ON VARIOUS SPECIES OF WOOD.

The type of bark makes considerable difference in the application

of a spray. A bark which is very absorbent, such as that of ash or

juniper, readily takes a spray; on the other hand, a smooth bark,

such as beech or hickory, will absorb scarcely any of it. Such smooth

bark does not hold the spray well but allows it to be easily washed
off in the rain. In the latter case poison sprays would hardly be

effective. The irregularities of the bark and all crevices must be

thoroughly covered.

IT MUST NOT BE LEACHED OFF BY RAIN OR OTHER WEATHER CONDITIONS.

One of the greatest difficulties in the experiments to find an

effective spray has been that the solutions are soon washed off by
rain. Many of those tried were effective for a few weeks, or until

the first hard rain, after which the trees were immediately attacked.

IT MUST NOT BE EXPENSIVE.

Since a considerable quantity of liquid is required to cover a

large log by spraying, it naturally follows that the material must

be inexpensive or it can not l)e used. Creosote oil, the most effective

material so far tried, is far too expensive. It can be diluted, how-
ever, with as much as 4 parts of kerosene, thus materially reducing

the cost of the spray without diminishing its effectiveness. For rus-

tic work a much more costly spray can be used than on logging op-

erations.

IT MUST FIRST PREVENT ALL INSECT INJURY FOR FROM ONE TO THREE
MONTHS AT LEAST.

Three months' protection by the spray would be sufficient for most

purposes. It is usually possible to get logs to the mill or into a

place of safety within that time. If it were sufficiently cheap so

that a second and perhaps a third application could be made, the

solution would need to be effective for only one month ; the necessitj^

for more than one application, however, would of course be a handi-

cap. In many cases three months' prevention of damage would carry

the tree or log through the danger period—that in which the insect

is flying—and natural seasoning during the ensuing winter would

prevent further injury.

EXPERIMENTS WITH PREVENTIVE SPRAYS.

During the period of insect activities in the years 1916 to 1920,

inclusive, series of experiments were conducted at the Eastern Field

Station of the Bureau of Entomology, East Falls Church, Va., to

determine the effectiveness of various solutions. These were
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materials recommended by various correspondents or suggested by

the forest insect personnel. Dr. J. K. Haywood, chairman of the

Insecticide and Fungicide Board, United States Department of

Agriculture, also gave some very interesting suggestions.

These experiments are to be considered as only of a preliminary

character. The objects were chiefly to determine the requisites of

an effective spray and to study the behavior of the different types

of insects in relation to various treatments and methods of applica-

tion, as well as to find an effective spray.

The solutions were tried principally on two kinds of wood—pine

and ash—although occasionally hickory, juniper, and oak were used.

The wood was cut at a time to give the most favorable condition

for insect attack—hickory and juniper about January 1, pine and

ash about March 15. It was treated immediately or held in a wire

insectary until treated. The individual pieces of wood used were

3 feet long and averaged from 6 to 10 inches in diameter.

Insects of all types were represented in the tests. The following

were the most abundant and economically the most important:

Neoclytus erythrocephalus Fab. on ash and hickory, Xylotrechus

colonus Fab. on oak and hickory, Asemum moestimi Hald. on pine,

CyJlene pictus Drury on hickory, and Hylotr-upes ligneu-s Fab. on

juniper—all of type 1 ; MonohaTnmus scutellatus Say and M. titillator

Fab. on pine—both of type 2 (no species of type 2 on other woods)
;

various species of Ips, Phloeosinus, and Hylesinus on pine, juniper,

and ash, respectively—of type 4; various species of ambrosia beetles

on pine and oak of type 3.

From the foregoing it is seen that pine was tested against all four

types; ash against types 1, 3, and 4; hickory against type 1; juniper

against types 1 and 4 ; and oak against types 1 and 3. Owing to the

seasonal variations in the abundance of the various species of insects

the tests were not conclusive every season. For example, in 1918 and

1919 Monohammus was very abundant and attacked all the controls

as well as many treated woods, while in 1920 very few were present

and not all control logs were attacked. Again, in 1918 Hylesinus

(type 4) in ash was abundant, though in 1920 very few of the con-

trol logs were attacked. Every year, however, some one type was very

abundant on all species of wood used.

The flight period of these insects has a certain bearing on the re-

sults, as those species flying late in the season found the logs after

they were exposed to weathering for a month or more. Most of the

treatments were made about April 1, or 15 days before the flight of the

first insects, and unless otherwise stated this time of treatment is to

be inferred. With certain materials treatments were made also on

June 1 at the time of the first flight of some other species. The flight

periods are given in Table I.

102230—22 2
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Table I.—Flight periods of beetles used in experiments for the protective treat-

ments of woods with spray solutions.
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the most severe conditions for dipping and sprayin<r tests were pre-

sented by those log^s in the woods on the ground, and for this reason

the discussion of results obtained is based on the results in treated

wood placed in this position. Where there was marked difference in

the amount of sunlight or in the sun temperature special note is made
of the fact.

The thickness of the bark had a certain bearing on the results.

Thick-barked pine logs present much more favorable conditions for

the attack of all insects concerned. In some cases a treatment was
very effective on thin-barked pine logs whereas treated thick-barked

logs became heavily infested. The effectiveness of a treatment, there-

fore, was judged by the results following in the case of thick-barked

logs.

TREATMENTS AND RESULTS.

Creosote oil alone.—Pine and hickory clipped and sprayed. No attack three

months after treatments except a few insects of type 4 in crevices of sprayed
stick.

Creosote oil and kerosene.—All mixtures of kerosene and creosote oil give a

tarry precipitate which must be strained out or allowed to settle before the

liquid is used in a spray pump. This material was suggested by Dr. A. D.

Hopkins.

Equal parts creosote oil and kerosene.—Pine, ash, juniper, and hickory,

sprayed and dipped. Results as in the case of creosote oil alone.

One part creosote oil and two parts kerosene.—Treatment as in the next pre-

ceding paragraph. Results as in the case of creo-sote oil.

One part creosote oil and three parts kerosene.—Pine logs dipped. No attack

after three months.

One part creosote oil and four parts kerosene.—Pine logs dipped. No attack

after three months.

One part creosote oil and eight parts kewsene.—Pine logjs fipraj'ed and dipped

were attacked after two months by a few insects of type 4.

Creosote oil alone and mixtures of creosote oil and kerosene gave excellent

results. Everything considered, much better results were obtained with them
than with any other material. Dilutions of creosote oil containing from 1 to as

many as 8 parts of kerosene were effective, and perhaps an even greater dilu-

tion would be effective on absorbent barks such as ash or juniper. These mix-

tures act as repellents (in no cases were insects observed to oviposit where the

liquid was present) and they "stand up" very well in wet weather.

One part loater-gas tar distillate^ and three parts kerosene.—Considerably

more precipitate results from this mixture than from that of creosote oil and
kerosene ; consequently it is more troublesome to handle. Pine logs were
sprayed and dipped. The results were similar to those with creosote oil.

One part coal-tar road surfacing material and three parts kerosene.—Pine

logs dipped with this mixture were attacked after 15 days by insects of type

4 and later their condition was but little better than that of the controls.

- A distillate prepared from water gas.
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Coal-tar emulsion {prepared ly Insecticide Board); 1 part emulsion to 10
parts ivater.—Pine logs dipped and sprayed were attacked after 15 days by
insects of type 4 and later by those of all types. Pinal results were no better
than in the case of the controls.

Crude petroleum.—Pine logs sprayed and dipped with crude petroleum were
attacked by insects of type 4 after 15 days and later by those of all types.

Final results were no better than with the controls.

Anthracene oil emidsimi {prepared hy Insecticide Board); 1 part emul-
sion to 10 parts water and 1 part emulsion to 100 parts water.—Dipped pine
logs were attacked by insects of type 4 after 15 days and later by those of all

types. The final results were no better than with the controls.

Crude solvent nai)Mha.—Pine logs dipped with this material were slightly

attacked by insects of type 4 after 15 days and later by all types. Final
results were but little better than with the controls.

Six ounces of nitrobenzene in one gallon of kerosene.—Pine logs sprayed
and dipped were attacked after 15 days by a few insects of type 4 and later

by more of the same type. The final results were somewhat better than with
the controls.

Fish oil.—Pine logs sprayed and dipped were immediately attacked by
insects of type 4 and later by all types. Final results were no better than
with the controls.

Tivo parts fish oil, one part pine oil, and three parts kerosene.—Pine logs

sprayed and dipped were attacked after 15 days by insects of type 4 and later

by all types. The final results were no better than with the controls.

Kerosene.—Pine logs sprayed and dipped were attacked after 15 days by
insects of type 4 and later by all types ; results were no better than with the

controls.

Sulphite cancentrate {furnished by a paper-pulp mill) ; full strength and
diluted with equal parts of tvater.—Pine logs dipped were attacked after one
week by insects of type 4 and later by all types. Final results were no better

than with the controls.

Spent sulphite; full strength and equal parts spent sulphite and a commercial
miscible oil.—The results in pine logs dipped and sprayed were the same as

with sulphite concentrate.

Tree gum {furnished by Gipsy Moth Laboratory); 1 pound of tree gum
dissolved in 1 quart of turpentine,—Pine logs treated with a brush were at-

tacked by a few insects of type 4 after two months. The results were much
better than on the controls, but the material held moisture in the log and pro-

duced much bluing of sap when insects penetrated the bark. The sticky film

act«d as a mechanical barrier.

One pound of melted paraffin with one gallon of gasoline added.—Pine, ash,

and juniper logs were sprayed and dipped and placed in a cage for experiment

against insects of type 4. This treatment prevented all attack on the more
absorbent bark of ash and juniper. A few insects attacked the pine.

One-half pound of na.phthalene dissolved in one gallon of gasoline.—Dipped

pine logs were attacked after 15 days by insects of type 4 and later by all. Final

results were but little better than with the controls. The naphthalene soon

evaporates and no odor is left.

One pound of melted paraffin with one-half pound of naphthalene and, one

gallon of gasoline added.—Pine, ash, and juniper spraye<l and dipped and
placed in a cage against type 4 were attacked by insects of this type after 30

days.



EXPERIMENTS WITH SPRAY SOLUTIONS FOR GREEN LOGS. 9

One per cent mdium arsenate solution.—Juniper logs dipped and exposed

against insects of types 1 and 4 were not attacked after 60 days.

Sixteen parts of 1 per cent sodium arsenate and one part of a commeroial

rmscible oil.—Juniper dipped in tliis mixture was not attacked after 60 days,

but dipped pine was heavily infested by type 4 after 15 days.

Stock solution of kerosene emulsion, the water used containing 2 per cent

sodium arsenate.—Pine and hickory logs, sprayed, were attacked by all types

possible. The final results were no better than with the controls.

One ounce of sodium arsenate dissolved in one pint of alcohol and added to

one and one-half gallons of kerosene.—Very little arsenate went into solu-

tion. Pine logs, sprayed and dipped, were heavily attacked after 30 days

by insects of type 4 and later by all types. Final results were but little better

than in controls. Ash logs, sprayed and dipped, were attacked by one insect

of type 1, but the final condition was much better than with the controls.

This treatment was repeated on June 1 under similar conditions and with

similar results.

One part arsenic acid to nine parts xoater followed by lime water {arsenic

acid 30 per cent AS2O6 by weight, 8. G. 1.3000, prepared by Insecticide and

Fungicide Board.—Pine and ash logs were dipped. The pine was not attacked

until 60 days and then by only a few Insects of type 4. The ash was not

attacked. This treatment, under similar conditions, was repeated June 1, and

there was no attack after 60 days.

One-fourth ounce of corrosive sublimate dissolved in two and one-half ounces

of alcohol and added to one and one-half gallons of kerosene.—Pine and ash

were sprayed and dipped. The pine was first attacked after 40 days by a few

insects of type 4 ; there was no other attack. The ash was not attacked. This

treatment, repeated June 1 under similar conditions, gave the same results.

Although these logs were not attacked by Monohammus of type 2, it is hardly

safe to conclude that this treatment would always be effective against them.

Saturated solutimi of sodium fluorid.—Pine, ash, and hickory were sprayed

and dipped. There was no attack for 30 days, and then the logs were infested

by all types, though to a less degree than the controls. Little bluing was noted

on pine. Although not altogether successful, this solution is worthy of further

trial. This treatment, repeated June 1 with conditions as before, gave like

results.

Saturated solution of sodium fluorid, 20 parts to one .part of a commercial

miscible oil.—Pine logs were dipped and sprayed with results as in the pre-

vious experiment.

Three otinces of zinc chlorid dissolved in three ounces of alcohol and added
to one and one-half gallons of kerosene.—Pine and ash sprayed and dipped.

The pine was attacked after 30 days by insects of type 4 and later by all types.

Ash was not attacked by type 1. June 1 the treatment, under the same condi-

tions, was repeated with results as before.

Five and ten per cent crude carbolic acid ^ in water.—Pine logs, sprayed and
dipped, were immediately attacked and heavily infested by all types. The
final results were no better than with the controls.

Tivo and one-half per aent solution crude carbolic acid in water, eight parts

to one part of a commercial miscible oiL—Treatments and results as in the pre-

ceding paragraph.

Six ounces of carbolic acid in one gallon of kerosene.—Pine, sprayed and
dipped, was attacked after 80 days by all types. The final results were no
better than with the controls.

2 Coal-tar oils and acids, 97 per cent ; inert matter, 3 per cent.
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• Carbolic soap solution: One pint crude carbolic acid added to one f/aUon soft

soap, thinned by addition of one gallon of hot water, left to stand overnight, and
then diluted with eight gallons of soft tcater {recommended in literature).—
Pine and ash, sprayed and dipped June 1, were attacked by all types after

10 days.

Five per cent solution of nicotine sulphate.—Pine, hickory, ash, and juniper

were sprayed, and all were attacked by type 4 within 10 days.

Two teaspoonf'uls nicotine sulphate dissolved in three ounces of alcohol and
added to one and one-half gallons water.—Pine and ash, sprayed and dipped,

were infested by all types after 15 days.

Ten per cent solution of sodium carbonate.—Pine and hickory logs sprayed
were immediately attacked by all types possible.

Five per cent solution of a proprietary crude cresol-soap disinfectant.—Pinej

juniper, ash, and hickory were sprayed but were all attacked by all types

possible.

A strong suspension of ivhyleicash.—Pine logs dipped were heavily attacked

after the first rain.

A strong solution of sodium chlorid.—Pine logs sprayed were immediately

attacked and their condition was no better than that of the controls.

One part crude pyridin preparation to ten parts water.—This did not mix
well. Pine and ash were dipped June 1. After 30 days both woods were
infested by all types possible, but were in somewhat better condition than

the controls.

One pari crude pyridin preparation to ten parts kerosene.—^Pine and ash

were dipped June 1. After 60 days no insects had attacked either wood.

The odor could still be detected on the logs. This material seems to be very

promising and deserves further trials.

REMARKS ON POISONS USED.

Several of the more active poisons seem to be effective against

certain types of insects, particularly those of type 1. They are

especially effective when combined with oils that will penetrate the

bark (as the mixture of corrosive sublimate and kerosene) or fol-

lowed by another solution rendering them insoluble (as arsenic acid

followed by lime water). This latter, however, is difficult to apply.

They are also more effective when used on absorbent types of bark

as ash and juniper.

OTHER EXPERIMENTS WITH INSECTS OF TYPE 3.

The results of the preceding treatments were not conclusive against

the ambrosia beetles (type 3) for two reasons: These insects require

wood that is moist—at least such wood presents optimum condi-

tions—in which to rear their broods. The logs used in the preced-

ing experiments, averaging only 6 to 10 inches in diameter, often

dried so rapidly that they were not suitable for these beetles. At the

same time another series of experiments was being conducted in

which water-soaked logs were used. These acted as traps, attract-

ing most of the ambrosia beetles.
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Consequently, to determine just how effective these sohitions were

apnnst ambrosia beetles (Table II), the water-soaked logs were

thoroughly sprayed with (1) 4 parts kerosene plus 1 part creosote

oil, (2) the corrosive sublimate solution as given before, and (3) 1

part crude pyridin joreparation to 8 parts kerosene. All the sticks

were dried for 24 hours before the sprays were applied. These

materials were applied to three pines, one oak, and one ash log, July

28, 1920. The results are given in Table II.

Table II.—Results
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INTRODUCTION.

Elxtensive study of the gipsy moth (Po)-fhefria dispar L.), made
in connection with the introduction, establishment, and dispersion

of its parasites, has shown that in New England there are agencies

of natural control responsible for a considerable mortality among the

various stages.

One of these natural-control agencies, which in many cases is the

mcst valual)Ie. acts upon the eggs and causes a failure to hatch. This
phenomenon has been termed nonhatch. The results of several years'

study are presented in this bulletin.

PRELIMINARY DISCUSSION.

The failure of gipsy-moth eggs to hatch has been common enough
to attract attention during the last few years only. As will be shown
later, very low temperatures are responsible for this killing, and until

about 10 years ago the moth had not spread into territory having
such low temperatures regularly. It is probable that even in the older

infested area there were isolated pockets which, owing to tojiog-

raphy, attained temperatures low enough to kill. Likewise it is

probable that a careful examination of some of the eg:g clusters which

102016—22
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apparently hatched well Avould have shown considerable injury. Such
j)oints, however, would only have been brought out by an intensive
study in the woodland, such as was started later. A lew records of
entire clusters failing to hatch were made in 1907. notably in North
Saugus, Mass., in Avoodland near the building then used as a labora-
tory for the parasite investigations.

During the winter of 1911-12 plans were perfected for an extensive
and intensive study of the gipsy moth under natural conditions.
These plans called for the selection of a consideraljle number of small
areas, well proportioned as to type of tree growth and so placed as to

be representative of the entire infested area. The areas designated
as " observation points " were to be followed closely during the entire
year, with careful notes on hatching of the gipsy-moth eggs, feeding
of the larvae and the injury done by them, the increase or decrease of
the infestation from year to year, and many other phases of the sub-
ject. As the entire problem was built around the degree of infesta-

tion, it became necessary to have an accurate knowledge of the num-
ber of egg clusters present in each " point."' Therefore, each fall or
winter a careful count was made, and it was this counting which
brought forcibly to the attention of those engaged in experimental
work that some agency was playing a considerable part in the con-

trol of the moth by killing the eggs.

The nonhatch problem did not receive extensive experimental at-

tention until the fall of 1915, when preliminary work was started.

FIRST INVESTIGATIONS.

At first considerable time was devoted to the study of the nonhatch
eggs themselves. Such individual eggs collected a few months after

the end of the normal hatching season, as well as those 1 or 2 years
old, were all light gray in color. Careful dissection showed that this

appearance was due to a complete, closely woven mat of fungus
mycelium which was pressed closely against the inside of the shell

and entirely surrounded the dead embryo. The presence of this

organism in all the nonhatch eggs made it appear that there might
be some connection between it and the death of the embi-yo. Cul-

tural studies were made, and a considerable number of infection experi-

ments Avei-e carried on, which, however, failed to give more than vague
evidence that the fungus was ever more than a saprophyte. It is

possible that this organism, belonging in the large and rather indefi-

nite genus Fusarium, is. under conditions particularly favorable to

itself, a true parasite. However, extensive dissections and cultures

made of nonhatched eggs as soon as it was shown that they were not
going to hatch have yielded no positive evidence of its being parasitic.

The first real study of nonhatch in the field was begun in the fall

of 1910).^ Previous to this a series of egg-cluster collections had been
made, beginning in August, 1915, and continuing at monthly inter-

vals until just before normal hatching time in the spring of 1916.

Six sets of these collections were made, five being obtained at chronic

^ The writer wislips to express his appreciation of the al)le assistance given him by
Mr. H. I. Winchester, who helped with the experiments for almost the entire time they
were conducted. During the time the writer was in the Army, Mr. Winchester conducten
all the experiments, and to him belongs the credit for planning and making the summer
observations on hatching.
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nonhatch points—that is^ j^oints at wliich consi(leral)le nonhatfli had
been noted each year since the start of the " observation-point " inves-

tigations. The sixth set, collected as controls, was obtained from a

point which had not shown nonhatch. All the clusters thus obtained
were kej)t in a cool i)lace at the laboratory from the time of collec-

tion until just before normal hatchino- time in the sprin*;. P^ach
cluster was then placed in a <>lass tube and allowed to hatch nor-
mally. All larva; thus j)roduced Avere counted, and later, when
hatching had ceased, the remains of the clusters were rubl)e(l over a

cheesecloth sifter to separate the unhatched eggs from the hair with
which the e^fr cluster is made.
As soon as the records from the six sets of collections could be

studied it was seen that there appeared to be some connection between
nonhatch and cold weather, for clusters obtained from the five points
before our normally cold months hatched almost perfectly, while
those obtained after the cold season began failed to ])roduce larvae.

This suggestion opened up a new line for investigation, and ac-

cordingly three sets of weather instruments, each consisting of a
recording thermometer and a recording hygrometer, were jjrocured
and placed in small instrument houses. As the instruments required
considerable attention the three houses were placed at points in the
towns of Westford, Acton, and Dover, Mass., two being chronic non-
hatch and the third no nonhatch, not very many miles from the
Melrose Highlands Laboratory.
The instruments were started September 1, about the end of the

laying season, and were run continuously until about May 1, the nor-
mal hatching time. They were tested for accuracy at frequent inter-

vals to insure true records, a discussion of which will be given later.

METHOD OF HANDLING ALL EGG CLUSTERS USED IN
EXPERIMENTS.

Egg clusters when brought in to the laboratory were placed
where they would be kept cool but not exposed to severe weather.
Just before normal hatching time, which is about May 1 at Melrose
Highlands, each cluster was ])laced in ^ glass tube large enough to

contain it unbroken. This tube was closed Avith a cotton plug. As
soon as hatching was well advanced, the larvse were removed from
the tubes and counted. At the end of the hatching season, the re-

mains of each cluster were rubbed over a cheesecloth sifter, made
by stretching fine-meshed cheesecloth over a frame, to sei)arate the
imhatched eggs from the mass of hair with which all clusters are
made. These unhatched eggs were tlien examined microscopically
and divided into infertile and nonhatch, the records of each cluster

being kept separately.

MONTHLY COLLECTIONS.

Some of the clusters collected during the season of 1915-1(5 proved
to be old nonhat h. Dui'ing the winter, after the new clusters have
become weathered, it is difficult to distinguish between old and new.
To make certain that only new clusters would be collected, a suffi-

cient number of these were marked with lumber crayon at the end of
each laying season at the same six points used for the collections
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of 1915-lG. Ten clusters were collected at each ])oint on the first of
each month, beo-innin<r in September and ending in April. Subse-
quently thej were handled exactly as described.
As the sets of weather instruments were located at three of the

collection points, the records obtained from these are the most valu-
able. The other three, however, were kept as collection points for
purj)oses of comparison.

MONTH'S EXPOSURE.

As controls on the naturally produced egg clusters obtained in
" monthly collections," a series of experiments were conducted with
clusters produced at the laboratory. To obtain these, vigorous males
and females were mated in a small cage, and later the females were
confined in small tin boxes, where they deposited their eggs upon
pieces of thin wood.
Ten such clusters were tacked to trees at each point where there

were weather instruments and allowed to remain in the open just

one month. The first set was out from September 1 to October 1,

the second from October 1 to November 1, and so on. The last set

placed out April 1 was brought in just before hatching time. After
exposure the clusters were handled as in all the other experiments.

NATURAL PROTECTION.

Notes taken in connection with the " observation-point " investiga-

tions showed that in certain localities there was considerable differ-

ence in hatching on different parts of the trees. Clusters found un-
der roots or in cavities, close to the ground, as well as those fully

exposed close to the ground, appeared to hatch completely, while
those higher up failed to do so.

Inves.tigation at a number of chronic nonhatch points proved that
in general it would be rather difficult to find enough clusters naturally
deposited where they were wanted. Therefore, at each of the six

points from which monthly collections were obtained 100 new clusters

were cut from the trees and tacked back in the following positions:

Twenty-five clusters were tacked under roots or in cavities close

to the ground. Usually these were covered with leaves.

Twenty-five at the base of a tree close to the ground but entirely in

the open.
Twenty-five on the trunk well up from the ground, usually about

5 feet.

The remaining 25 were brought in to serve as controls.

Collection of these clusters was made just before hatching time
each spring.

ARTIFICIAL PROTECTION.

Originally these experiments were planned when the fungus found
in the nonhatch eggs was looked upon as a possible cause. Various
means were tried of protecting the clusters against infection, but
most of these were abandoned when the true nature of the fungus
became apparent.
Two experiments in artificial protection were continued. The

first, by means of a wire cage suspended between trees, sought to

protect the clusters contained therein from any influence the tree
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might have and at the same time expose them fully to all actions of

the elements. The second was an endeavor to protect the clusters

from Avind and rain or snow, but to expose them to fluctuations in

temperature and atmospheric moisture. This was accomplished l)y

placing them in open inverted preserving jars and holding them up
near the bottom with wire screen. The jars were wired to tree

trunks.
Both types of artificial protection were performed with laboratory-

bred clusters and were put out at a considerable number of chronic
nonhatch points. The clusters Avere brought to the laboratory in the
spring and handled like all the other experimental clusters.

EXPOSURES OF CLUSTERS TO ONE SEVERE DROP IN
TEMPERATURE.

After results from some of the other experiments had pointed
rather conclusively to low temperatures as the cause of nonhatch, it

was desirable to gain more information on the degree of cold and the
extent of exposure necessary to kill.

It was planned to expose sets of clusters to a single severe drop,
beginning with —15° F., apparently the' temperature at which the
first killing took place. It was hoped that a complete chain w^ould be
obtained from — 15° downward as far as the thermometer goes at the
points where the w^eather instruments were placed. This was not
found to be possible, as one could not foresee the temperature fluctua-

tions. A certain number of such sets of clusters, however, were ex-

posed.

The sets of laboratory-bred clusters were placed near the weather
instruments and allowed to remain until they had been exposed to a
single drop of at least —15°. They were then brought in and
handled like other clusters.

TEMPERATURE RESISTANCE.

Sets of 10 laboratory-bred clusters were exposed during the winter
in small wire cages along the line marking the northern limits of
the gipsy-moth area. These were placed in towns from which the
Weather Bureau office at Boston obtains records, so that a close

record of the cold might be available, for it was desired to note the
effect of as extreme cold as possible.

These remained out all winter until just before hatching time,
when they were brought to the laboratory.

SUMMER SURVEY OF HATCHING.

Each summer for three years, after the hatching season was over,
an extensive series of observations on hatch was made in the field.

Practically the entire area of infestation was gone over from the most
southern limits to the most northern, and a very large number of ob-
servations were made. Fortunately it was possible to make these ob-
servations after two very cold winters and one very mild one, the
latter coming between the tAvo cold ones.

WEATHER.

The instruments located at the three points gave records of tem-
perature and relative humidity. As soon as these records for the
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first year could be compiled and studied it became evident that
humidity could play little, if any, part in the killing of the eggs.
As stated elsewhere, the factor responsible for nonhatch acts during
the cold months of December, January, and February, during which
the amount of moisture in any given space is very low. This in
itself would hardly be proof, as low humidity might have some
effect. There was no appreciable difference, however, between the
humidity records from the three points, two of which showed non-
hatch while none was obtained from the third. Humidity records
for succeeding years have only served to substantiate those obtained
the first year.

Temperature lines for the three points followed one another
closely until December, but as soon as severe cold weather set in
the difference became very marked.
At the point which had never yielded nonhatch the coldest days

found the mercury little below zero, while at the other two, tempera-
tures of from —20° F. to —30° F. were recorded, and during most
of the time they were from 15° to 25° colder than the first point.
The two exceptions to this were during Decepiber, 1917, and Febru-
ary, 1920, when the temperature at the warmest point fell to —15°
and —16° F., respectively, 'for the only times during the four years
that records have been taken. These resulted in many eggs failing
to hatch.

Temperature records obtained from the instruments during four
consecutive winters show that the cold weather comes from the last

part of December to the first of March, with the lowest drops in
January and February. The first winter, 1916-17, was only moder-
ately cold, with the greatest drop coming in February. The next
winter, 1917-18, was extremely cold in December, January, and
February, and following this came the unusually mild winter of
1918-19 with hardly a drop below zero. This in turn was followed
by another extremely cold winter which made conditions almost
ideal for our experiments. The mild winter of 1918-19, coming as

it did between two that were very cold, made comparison of the
records of all three seasons very valuable.

The Weather Bureau office at Boston obtains records regularly
from 50 substations in the gipsy-moth area. A study of these rec-

ords shows that in general the drops in temperature become lower as

one goes northward. Along the coast, however, due to the modify-
ing effect of the ocean, the cold is nowhere nearly as severe as it is

farther inland. Also, one may find small areas having much lower
temperatures than the surrounding country, due to the topography
which induces that phenomenon known as air drainage, the cold air

flowing down into the lowest spot and settling there.

RESULTS OBTAINED FROM EXPERIMENTS.

Monthl}^ collections, as stated on page 3, were made at five chronic
nonhatch points and one control point where no nonhatch had eveT
been found. Three of these had weather instruments, so that it was
possible to check results against temperature records.
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Collections made at the nonhatch points up to February 1, 1017,
the only month havin<r .'evere cold that winter, hatched completely,
while those obtained March 1 and afterwards were all nonhatch.
Those laboratory-bred clusters exposed durinjr the month of Febru-
ary were all killed, but those exposed every other month hatched
completely. The next winter severe cold came in December, Janu-
ary, and February. Collections made up to December 1 ^'dve com-
plete hatch, while neither those collected after that date nor the
month's exposure clusters for the three cold months hatched. The
next Avinter, 1918-19, was mild, and all clusters for all months
hatched completely. The winter of 1919-20 was another very cold
one, with the extreme cold comimr in January and February, result-

in<>r in hatch records identical with those of the other cold periods
for both monthly collections and month's exposure.
During the entire four winters only two drops greater than

— 10° F. were recorded from the point which had never shown non-
hatch. The first, in December, 1917, —15°, resulted in about 50 per
cent of the eggs in the monthly collections and month's exposure
clusters being killed. The second drop, —16°, came in February,
1920, with the same effect on the eggs.

The method employed in determining the extent of injury to the

eggs in the various experiments may need explanation. In the

first place, care was taken to provide plenty of control clusters for

all the experiments and these were treated exactly like those for

wdiich they were controls, except that they were not exposed to con-

ditions at the various points. Clusters which did not hatch at all

could be listed as complete nonhatch. However, in figuring per-

centage of hatch in partially hatched clusters, the number of infer-

tile eggs was deducted first, as they could not possibly have hatched.

A careful comparison of the temperature and nonhatch records

has led to the conclusion that —20° F. is about the highest point

at which all the eggs in a cluster will be killed and a further drop
will make it more certain that all exposed eggs will be killed. There
is reason to believe that the resistance of the eggs depends to some
extent upon their vitality, as would be only natural. Evidence on
this point was secured from the sets of clusters Avhich were only

exposed to a single sevei-e drop in temperature. One set exposed
to —22° F. Avas entirelv killed, but a very few eggs in a set exposed
to —23° F. hatched.
There are no records of any eggs hatching after being exposed

to a temperature of —25° F. or lower, whether they were subjected

to one such exposure in the "single drop experiments" or several,

as sometimes happened with the " month's exposure " sets. On the

other hand, exposures to —15° and —16° F. killed half the eggs in

the clusters, but no temperature above —20° F. killed an entire

cluster. Various records of exposure to temperatures higher than
— 15° F. showed no injury at all.

The conclusion, therefore, is that the vital point for complete

killing lies between —20° and —25° F., wath an absolute certainty

that all eggs exposed to any further drop will be killed.

The artificial protection experiments may properly be considered

after the monthly collections and month's exposure, for the data

secured from the first in a wav serve to substantiate those ob-
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tained from the last two. All of these were conducted at chronic
nonhatch points.

Those clusters placed in the wire cages were entirely removed from
any influence the trees might have upon them and were full}^ ex-

posed to all actions of the elements. Very little information was
obtained from this series beyond the fact that clusters reacted the

same way no matter how they were placed.

During the cold years all of these clusters were killed, as were those
naturally on the trees. After the mild winter they all hatched com-
pletely.

Those clusters in the inverted jars received a' consideral^le amount
of protection, as they were in no way affected by storms. Low tem-
perature could act upon them freely and to a certain extent the at-

mospheric moisture could do so, for the jars were open at the bottom,
allowing air to ascend into them when it became warm. Xo rain or
snow could reach them, however, and as a result they remained per-

fectly dry during the entire winter, as was proved by numerous ob-

servations. They were therefore not frozen or covered with ice, as

were many of the clusters in the open.

These clusters were only exposed to temperature and atmospheric
moisture. It has been shown already that humidity can play very
little, if any, part in killing the eggs; therefore it may be considered
that if these eggs were killed temperature must have been responsible.

To corroborate this conclusion all eggs exposed in this manner failed

to hatch after the cold winters, but hatched perfectly after the mild
one.

Experiments in natural protection were suggested by notes taken
in connection with the " observation point " investigations, as has
already been noted. It was found that those placed close to the
ground at nonhatch points, wdiether in cavities, under roots, or in
the open, hatched completely, while those high up were killed. At
first sight snow appeared to be the protecting factor; and this sup-
position Avas borne out later by actual observation, though it was
some time l)efore all variations could be reconciled with this theory.
To afford protection the snow had to cover the clusters during every
severe cold spell, which it did not do because of the countless varia-
tions in its depth, and it was only after a long series of observations
in the woods that a true appreciation of the variableness of this

factor became apparent. Depth even immediately after the cessa-

tion of a storm varied enormously, particularly if the snow was light,

for every breath of air induced drifting. Many times also the eddy-
ing of the wind aroimd the tree trunks left the snow piled against one
side and blown away from the other. The resulting depression
served to expose some clusters while others remained covered, a fact

which explains wjiy clusters close to the ground were killed and
those much higher hatched.
A close following of the snow history of a section during the winter

showed great fluctuations in depth, when measured on the trunk of
a tree small enough to be unaffected by the wind eddies mentioned
above. At the end of a storm the snow would be piled to a certain
lieight on the tree; then gradually settling would take place, until

after the lapse of a few days there would be several inches difference
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between the new level and the old. A new storm might then come and
cause the level to rise again. 80 it went during the entire winter, and
clusters on the border line of snow protection were alternately ex-

posed and protected. Observation made on some such clusters proved
conclusively that the snow is the medium of protection.

There remains only one series of experiments to be discussed,

namely, temperature resistance, which was conducted for two years

only. As it developed, the first year selected for this type was, very

opportunely, the mild winter 1918-19. The only killing of eggs for

that year that w^as recorded in our experiments developed in some of

these sets of clusters exposed at the northernmost limits of the gipsy-

moth area, in the only towns from which records anywhere near
—20° F. were taken. After the next winter, as was to be expected,

none of the clusters in this series hatched.

RESULTS OF SUMMER SURVEY OF HATCHING.

A few observations made in the field after the end of the hatching
season which followed the extremely cold winter of 1917-18 disclosed

the fact that there was an unusual amount of nonhatch. This gave a

very good opportunity for a careful study under natural conditions.

Accordingly, extensive plans w-ere made to extend observations over

as large a portion of the gipsy-moth area as possible. Results ob-

tained from experiments had pointed strongly toward low^ tempera-
ture as the causative factor of nonhatch. To a certain extent, how-
ever, the experiments had an element of artificiality, and it w^as de-

sired to obtain as much information as possible under purely natural

conditions.

The plans called for observations on hatch of egg clusters on trees,

undergrowth, stumps, debris on the ground, boulders, stone Avails,

and other objects. Many factors were taken into consideration, such

as nearness to the ocean and bodies of fresh water, height of land,

degree of exposure to prevailing winds, favorability or unfavorability

of food plants and the abundance or scarcity of these, the degree of

gipsy-moth infestation, and any other points which might present

themselves. These observations were taken during the three sum-
mers 1918, 1919, and 1920.

The observations taken in the summer of 1918 disclosed a complete

nonhatch of all clusters above the snow-protection line in Maine and
New Hampshire, with the exception of a section along the seacoast.

This section showed only a partial hatch. All clusters found on the

ground or on other objects close to the ground where they could be

snow-protected hatched completely. Hatching above the snow-pro-

tection line in Massachusetts, with the exception of a coastal section

which included all of Cape Cod, was poor with a considerable number
of wliole clusters killed, particularly in the northern and northeastern

parts. Hatching of low clusters in all this area was uniformly good.

In Rhode Island and along the coast as far north as the Massachu-
setts-New Hampshire line the hatch Avas almost complete.

Apparently the modifying influence of the ocean oA'ercame the

seA ere cold at least enough to ^^revent the temperature from dropping
to the killing point all along the coast of Rhode Island and Massa-
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chusetts. The are^a over which this modifying effect protected the

eggs was wide in Rhode Island and Massachusetts, but it gradually
narrowed northward until at Portsmouth, N. H., the only modifica-
tion was right on the coast, and even there some of the eggs were
killed. Farther north the cold was too great to be overcome suffi-

ciently to allow the egg clusters to hatch completely, and only a par-
tial hatch was recorded.
The Weather Bureau records show that the foregoing hatch rec-

ords are just what would be expected if low temperature was the
cause of nonhatch.

Bodies of fresh water apparently had no influence on the hatch.
Elevation made no difference except in sections right on the border

line of killing cold, that is, sections which as a whole had tempera-
tures not quite low enough to kill. In these sections clusters in low
areas were killed while those on the .higher levels escaped, a differ-

ence caused by cold draining into the low land and settling there.

The object upon which the clusters were placed had no effect, as

no matter what it was, if they were above snow protection in a local-

ity which had severe cold, they were killed.

Considerable observation on the possible influence of the food
f)lants failed to show any difference. Records taken in any locality

were uniform no matter what species of tree the eggs were laid upon,
and irrespective of the abundance or scarcity of favored food. Of
course this latter factor had some bearing on the abundance of clus-

ters, but it made no difference in the nonhatch.
At only one place, a location right on the coast in Rye, N. H., was

it possible to make a direct comparison between egg clusters com-
pletely exposed to the prevailing winds and others well protected
from them. In a little grove about a quarter of a mile from the sea,

exposed on its ocean side to the full sweep of northeast storms, the
chisters on the windward side had the hairy covering entirely

Aveathered away, leaving the eggs uncovered. These did not hatch.

On the other side of the same grove other clusters were found which
had not been deprived of their hairy covering. These hatched al-

most perfectly.

Following the mild winter of 1918-19, the same localities were vis-

ited again. Every cluster found, no matter what its position on the

tree or other object, hatched perfectly. In fact, there was not a

single nonhatch cluster found during the progress of the summer
survey; neither was there one reported by men engaged in other
branches of the gipsy-moth investigations.

The winter of 1919-20 was a complete contrast to its predecessor but
was almost exactly the same in temperature as that of 1917-18.

There was a considerably greater fall of snow in some localities,

which gave protection to a greater number of clusters. Observa-
tions after this winter gave the same results as those after the other
cold one, except that in some places which had more snow than dur-
ing the other cold winter a greater number of clusters had hatched.

All of the results of the summer survey observations, compared
with records of temperature obtained by the Weather Bureau, serve

to add conclusiveness to the fact that low temperature is the cause
of nonhatch.
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EFFECTIVENESS OF NONHATCH.

Xoiiliatch as an agency in the natural control of the gipsy moth
reaches the niaximum of its importance in those sections of the in-

fested area which have, some time during each winter, cold severe

enough to kill all eggs exposed to its action.

The principal protection from this killing cold is afforded by the

snow ; and the upper limit of. this protection, measured from the

ground, has been designated as the snow-protection line. It must
not be supposed that this line has any definite limits, for the depth
of snow is an extremely variable factor.

To determine the value of nonhatch as an agency in gipsy-moth
control it is therefore necessary to determine the distribution of

the egg clusters on the trees, the factors which influence this dis-

tribution, and the proportion placed above the snow protection line.

Fortunately a considerable amount of information along these very
lines has been obtained during the progress of the " observation
point " investigations.

The count of e^rcr clusters made at each " point " was divided into

two sections. The dividing line was marked at 5 feet from the

ground on the trunks of the trees. The count of clusters above this

line was known as the high count, of those below as the low count.

Such a division was necessary on account of the work involved,

which made impossible the complete counting of an entire point at

one time. Many times also snow would prevent a low count but
would not prevent the high count being taken. Five feet was chosen
as a convenient point well above the usual snowfall.

As the clusters were recorded with reference to their position above
or below this 5-foot line, it will have to be the dividing line consid-

ered in studying the distribution of clusters on the trees. A depth
of snow to the extent of 5 feet is almost unknown in most sections

of the gipsy-moth area, so we may safely consider that all the ex-

l^osed e^i^fr clusters above 5 feet will be killed if the temperature drops
to —20° F. or lower. At the same time there will probably be a

considerable number of clusters between the 5-foot level and the

top of the snow during at least one period of severe cold, so that we
are conservative in using the high count as a basis for figuring

benefit derived from nonhatch.
A carefid consideration of the egg-cluster records from the

" point '' notes, which were taken during seven consecutive years,

shows that on the average 70 ])er cent of the clusters are laid above
5 feet. An average of nearly 900 individual counts showed 72 per
cent.

The deposition of clusters is influenced largely by the ground
conditions. If there is no underbrush and if debris, such as dead
wood, bark, etc., is not present or if the ground is wet, most of the
clusters will be well up on the trees. On the other hand, if debris

is abundant, if there is much undergrowth, or if, as often happens
in New England, there are stone walls running through the woods,
a large proportion of the clusters will usually be found close to the
ground.

It is not possible to say just what causes the differences, but the
" point " notes show that they are as stated. In addition, the records
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show that unless some change takes place, such as removing the
debris or increasing it by brush from cutting, the proportion of
those above and below the 5-foot line will remain approximately the
same. Having determined TO per cent as being the average propor-
tion of egg clusters laid above 5 feet, we can see just how valuable
as a means of control nonhatch may be where the cold is sufficiently

severe to kill all unprotected clusters.

This particularly desirable state of affairs can not be looked for
in a large part of the territory, for the temperature does not go
low enough. The "point" notes show all variations between the
above-mentioned percentage and no killing at all. Occasionally
there is a mild winter with no low temperature and all eggs hatch
the following spring.

As nonhatch is caused by a temperature of from —20° to —'•25°

F. we can only expect to find it in territory subjected to such low
degrees. Temperature records obtained from the 50 stations of
the Weather Bureau which are located in the present area of in-

festation show that any prophecy as to just what would happen
in any locality would be quite useless. If the law of averages may
be considered in this case, killing cold will occur in a majority of
years in all of Maine and New Hampshire except a narrow area
along the coast. In Massachusetts such cold, at least as reported by
the weather stations, is the exception, but there appears to be a

greater tendency toward it in Worcester County and the northern
part of Middlesex County. The remainder of the infested area,

with the exception of the northern part of Windham County in

Connecticut from which extreme low temperatures are occasionally

reported, apparently escapes cold severe enough to kill the eggs.

These general conclusions, based as they are upon Weather Bureau
records, apply to the sections as a whole. Local conditions, how-
ever, vary to such an extent that w^e may find nonhatch in restricted

areas in sections from which temperature records would apparently

exclude it. " Observation point " investigations prove this to be

particularly true of northern and central Massachusetts.

It is possible that nonhatch is responsible for the slow increase of

the gipsy moth in many localities where food conditions would seem
to point to just the reverse.

EFFECTS OF COLD ON PARASITES.

There is reason to suppose that a drop in temperature low enough
to kill the eggs will have some effect upon the imported parasites,

particularly those which attack the eggs themselves. Two egg para-

sites, namely, Anastatus hlfasciatus Fonsc. and Schedlus kuvanae
How., have become well established in New England. The former

passes the winter as a full-grown larva within the egg of the host.

fNo collections of eggs parasitized by Anastatus hifasciatus have

been made after extremely cold weather for the specific purpose

of determining the effect of cold upon this parasite. It was noted,

however, that there was a large percentage of dead parasites in a

bulk collection of eggs obtained after the cold winter of 1917-18.

The locality from which this collection came has been used for a

number of years as a source of material for new colonies, and eggs
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collected there had each year shown a high percentage of parasitism.
After the above-mentioned cold winter the parasitism was of de-
cidedly lower i)ercentage, but two years later it had about reached
its former high ])oint.

In the long run it is doubtful if the cold would have any very
serious eifect upon the general abundance of Anastatus hifasciatus.
Even though all the parasites as well as all the eggs above the
snow protection line were killed, the proportion of parasites to

eggs would be the same in those egg clusters protected by the snow,
for there is very little difference in percentage of parasitism be-
tween eggs near the ground and those above 5 feet. Therefore,
there would be the same proportion of adult parasites to attack the
eggs the next summer as if all paiasites and all eggs came through
the winter safely.

As the result of particularly adverse conditions a decrease in

parasitism by Anastatus hifasciatus^ such as was evidenced at the
stock colony, may occur for a few^ years, but no doubt there is a

gradual recovery,

Schedius kuvanae has received some rather severe setbacks from
cold Avinters. It hibernates as an adult, principally in leaves and
rubbish on the ground, and in such position it would be well pro-
tected from the cold if there Avas plenty of snow during each period
of extremely low temperature. Apparently such protection has not
been present in a number of cases, for there are records of colonies
from which recovery of parasites was difficult after a severely cold
wiiiter.

Some of the other imported parasites may be killed by low tem-
perature, but very little information has been obtained to confirm
this idea.

Further investigations may throw more light upon the relationship

of low temperature to parasite mortality.

CONCLUSIONS.

The failure of gipsj^-moth egg clusters to hatch is caused by low
temperature.
An exposure of between —20° and —25° F, is necessary to kill

entire clusters, though some eggs in each cluster may be killed by an
ex{)osure to — 15°. No eggs will survive an exposure to lower than
-25°.
When the temperature is low enough, an average of TO per cent

of the clusters may be killed, but this desirable condition develops
only in the northern part of the infested area and only during cer-

tain years.

Snow will protect the eii^ clusters from the effects of the cold if

it covers them; therefore, the greater the depth of snow the larger
the number of clusters that will hatch the following spring.
The benefit derived from nonhatcli may vary after a cold winter

from 70 per cent of the clusters killed in the northern part of the
area to no injury to the eggs in the southern section.

jNfaine and New Hampshire i-eceive the greatest benefit from non-
hatch. Central and northern Massachusetts also derive considerable
benefit particularly in restricted localities. Connecticut, Ehode
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Island, the southern and eastern parts of Massachusetts, and the
coastal section of New Hampshire derive very little, if any, benefit,

for even after the coldest winters nearly all eggs hatch.
Nonhatch is of a periodic nature, as occasionally New England is

visited by a mild winter, after which practically all eggs hatch.
The benefit derived from nonhatch is offset to some extent by the

injury cold weather works upon the parasites of the moth.
As temperature is entirely uncontrollable, there is no way that man

may direct its action against the gipsy moth.
Finally, too much reliance must not be placed on nonhatch as a

means of control, for it occurs only after the egg clusters have been
exposed to the proper degree of cold.

ADDITIONAL COPIES
OF THIS PUBLICATION MAY BE PROCURED FROM

THE SUPERINTENDENT OF DOCUMENTS
GOVERNMENT PRINTING OFFICE

WASHINGTON, D. 0.

AT

5 CENTS PER COPY
V



i V „ .

UNITED STATES DEPARTMENT OF AGRICULTURE

I^J BULLETIN No. 1081 1^^^

Washington, D. C. PROFESSIONAL PAPER JULV,1922

BIOLOGY OF THE PAPAYA FRUIT FLY, TOXOTRY-
PANA CURVICAUDA, IN FLORIDA.

By Aethur C. Mason, Assistant Entomologist, Fruit-Insect Investiyatimis,

Bureau of Entomology.

Page.

Introduction 1

Description and life history 2

Seasonal history and occurrence 8

Power of flight 8

CONTENTS.

Page.

Susceptibility of varieties-

Enemies
Control measures

INTRODUCTION.

The occuiTence in 1905 of a newly introduced species of fruit fly

{Toxotrypana curvicauda Gerst.) ^ attacking the papaya {Carica

papaya L.) in south Florida was the occasion several years later for

a preliminary investigation and paper on the insect by Knab and

Yothers.^ Technical descriptions of the insect, together with its dis-

tribution and history, are recorded therein, and also some notes

on its habits. In recent years the pest has assumed much greater

economic proportions, due to the increasing production of the papaya

from a commercial standpoint, and also to the spread of the insect

over nearly all portions of the State where papayas are grown.

Hence a careful study of its biology and control was undertaken by

the writer.

It is the purpose of this bulletin to present an accurate account

of the life history .ind seasonal history of the insect, together with its

habits and the factors influencing its development and spread. The

methods of control as far as worked out are also given.

1 Dipterous family Trypetidae.
= Knab, Frederick, and Yothers, W, W. Papaya fruit fly. In Jour. Agr. Research,

vol. 2, No. 6, p. 447-454, pi. 41-42. 1914. Literature cited, p. 453.

101920—22 1
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DESCRIPTION AND LIFE HISTORY.

The eggs (PL I, C, Ij) are of very unusual proportions, being long

and slender, somewhat club-shaped or fusiform, with a long cylin-

drical stalk. The average length is about 2.5 mm. and the greatest

diameter is 0.2 mm. They are inserted into the seed cavity of the

fruit from the long ovipositor of the female. The stalk sometimes

remains partly in the flesh, although the eggs are never placed

there as the young maggots seem unable to survive there. They
always occur in clusters, and usually there is only one cluster to a

fruit. The cluster consists of from 6 to 20 or more eggs, which are

always fastened together by an adhesive substance on the surface

of the eggs. One female, according to Knab and Yothers, is capable

of laying 103 eggs, all of which are disposed of at about the same

time.

The eggs require from 12 to 14 days to hatch at any time through-

out the year. Although the other stages are longer in winter than

summer, the egg seems not to be affected by climatic changes. This

point was determined by cutting open infested fruits at definite

intervals after they were stung. Usually an adult would oviposit in

several fruits on a tree the same evening. It was then possible to

cut one of these on each of several successive days until the eggs

were found to have hatched. Even in the fruits which had been

cut the eggs would complete their development if the halves were

placed together, provided they were several days old when first

exposed to the light and air. With freshly laid eggs this was not

found to be true. Many attempts were made to rear the eggs arti-

ficially after removing them from the fruit but without success.

When dissected from the fruit and placed on a piece of leaf or

fruit pulp over a plug of wet cotton in a vial inverted in water,

as practiced by Back and Pemberton ^ with melon-fly eggs in Hawaii,

they failed to develop. Even though the conditions of heat and

moisture were apparently the same as in the fruit they did not

hatch.

When ready to hatch the eggs split longitudinally along the

micropylar half and the maggot escapes, leaving the stalk end intact.

The young maggots on hatching from the eggs begin at once to

feed on the coating of the seeds. They remain for about the first

half of their existence within the seed cavity, feeding on the seed

coverings and other fibers there. Many of the seeds become de-

» Back, E. A., and Pemberton, C. E. The melon fly in Hawaii. U. S. Dept. Agr. Bui.

491, p. 18. 1917.
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taclied by this process, and the loose seeds in the fruits serve as an

indication of their presence. When newly bom the maggots are

almost transparent, but soon assume a shining, dirty white color

Avhile in the seed cavity. Later on, as they continue to develop, they

cat into the flesh of the fruit, first close to the cavity and then work-

ing farther out until, when mature, they are close to the skin. They

have then only to eat a hole through the rind to escape. During this

latter part of their life they become a rich golden yellow color, like

the color of the fruit on which they are feeding. The presence of

the maggots in the fruit usually causes it to turn yellow and ripen

prematurely. This is a distinct advantage to the larvae, for they

do not Hke the juice of the green fruits and usually remain around

the seed cavity until the flesh begins to soften.

The mature maggots (PI. I, C, a) average about 11 mm. in length,

are subcylindrical in shape, and taper anteriorly to the mouth.

The length of time required for their development varied from 10

to 27 days in a large number of tests. The cooler weather of winter

prolongs somewhat the length of the larval stage. Conditions un-

favorable to the larvae, such as the fruit decaying or the maggots be-

ing removed from the fruit, will cause them to transform before the

normal time. On the other hand, if the conditions are favorable

the larvae may remain in the fruit for several days after reaching

maturity. The average time for this stage is 15 days.

They make their escape by eating a hole through the skin and drop-

ping to the ground. As a rule, when one escapes the others will

follow in rapid succession, and often all emerge from the same exit

hole. If the fruit has already fallen from the tree the maggots go

into the ground immediately under it ; if the fruit is still on the tree

they drop to the ground. Often a larva will remain partly emerged

from a fruit and continue a wriggling, twisting motion for an hour

or more before finally dropping. When once on the ground the

maggots immediately bury themselves and never wander around on

the soil. The transformation is completed within a few hours after

entering the ground. The period of exposure from the time of leav-

ing the fruit to entering the soil ordinarily would be only a minute

or two, and consequently there would be little chance for parasitism

here. Very rarely a maggot will pupate inside a fruit.

The number of maggots in a single infested fruit sometimes runs

up as high as 40, although ordinarily there are about 15 or 20. A
very small fruit may have onl}^ 2 or 3.

If confined in breeding jars where no soil is present the larvae

usually will not pupate. In a glass stender dish or Petri dish the

mature maggots would remain in the larval stage for three or four

days, continually crawling around the dish. After several days they
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attemiDt to pupate, but many of them die before completing the trans-

formation. Even when they succeeded in pupating, the adults never

matured from them. Evidently this is due to a lack of moisture,

which seems to be a vital factor to all stages of development in this

insect.
PUPARIUM.

In common with other fruit flies, this insect passes the pupal stage

in the ground. The puparia occur naturally under the infested

trees in the soil, for, as stated above, the maggots do not travel

around, but go into the ground where they fall. The average depth
of the puparia is 2 inches, although they vary anywhere from the

surface to 3 inches deep, and sometimes occur also under rock and
rubbish on the surface. The moisture in the earth seems to deter-

mine largely this point, for they go down until they can get into

damp soil. Very rarely one is found inside the fruit either on the

tree.or on the ground.

The puparia (PI. I, B) are of a stout, subcylindrical form with

rounded ends and vary in length from 8.5 to 12 mm. The size is no in-

dication of sex, for from 100 of the smallest ones obtainable about

an equal number of males and f^ales emerged. The color of the

puparia varies all the yvsij from a light ferruginous yellow to dark
brown or almost black. This color in no way indicates their age,

for some remain light colored throughout their existence.

The pupal stage was found to vary from 18 to 44 days in breed-

ing out several hundred in all months of the year. Aside from the

temperature changes the effect of the moisture is a very large factor

in this regard. Under favorable conditions of moisture the largest

number of the adults will emerge after 18 to 20 days in hot weather,

but in winter this runs up between 30 and 40 days on the average.

Hooker * found it to last from 17 to 21 days in Porto Rico. Mois-

ture, even more than heat, seems to be the determining factor. Lack
of moisture will prolong very materially the pupal stage and if con-

tinued will prove fatal. On the other hand, excessive moisture will

kill the puparia. The following data prove this point

:

One hundred fresh puparia placed in soil in a jar and kept without any
water being added. All died.

One hundred fresh puparia placed in soil in a jar and kept moderately moist

;

80 adults emerged, 20 died.

One hundred fresh puparia placed in soil in a jar and kept wet every day.

All died.

Even under the most favorable conditions of heat and moisture

the puparia do not all mature, and 70 per cent is a very good aver-

age. Under natural conditions the average runs below that. Sev-

* Hooker, C. W. Fruit flies. In Porto Rico Agr. Exp. Sta. Ann. Rpt. 1912, p. 36. 1913.
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eral hundred puparia placed in jars, some of them reared from larvae

and others gathered in the soil under trees, gave results as shown in

Table I.

Table I.

—

Males and females of To.rotrypana ciirncauda. nmturiiifi from puparia

placed in jars.

Number
of pup».
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ever eating when food is placed at their disposal. Others will eat

only when food is placed directly in front of them or when they hap-

pen to walk into it. When they have once tasted the sweets they will

feed until the body is well distended. The best results were obtained

by placing drops of brown-sugar sirup on the net or screen covering

of the cages. In the large cages it was sprayed with an atomizer on

the under side of the leaves of the tree. The flies have a liking for

the pulp of ripe papayas and also eat bananas but will not eat the

juice of oranges.

The following figures show the length of life of some of the flies

:

Fifty-four flies confined without food after emerging lived from 1.5 to 5.5

days, with an average of 3.45 days.

Thirty-six flies given water only lived from 3 to 6 days with an average of

4.6 days.

Seventy-six flies fed on sugar sirup lived from 3 to 31 days with an average

of 7.4 days.

Under natural conditions these figures probably do not vary much.

Five to seven days represent an average life for the adult.

COPULATION.

The insects copulate usually on the leaves or fruits of the papayas,

but can only rarely be observed. Copulation takes place during the

daytime, for the male is more active then, as noted above. He seems

to experience some difficulty in holding the female in position because

of the long ovipositor. To accomplish his object, he alights on top

of the female and, clasping her body with the first two pairs of legs,

he draws the ovipositor back and up with the remaining pair. Then
by practically standing on his head he is able to bring the tip of his

abdomen in conjunction with the end of the ovipositor. They usu-

ally hold this position for several minutes or longer, one pair being

observed to remain for nearly two hours. If disturbed the female

will walk around the fruit or even fly to another tree, always carry-

ing the male along in position. In captivity the flies very seldom

copulate. This is true when confined in the large cages over the trees

(PL II, at left) as well as in small cages or jars in the laborator3^ Of
several hundred adults bred out in jars and observed at all hours of

day and night, only a very few ever made any attempts at copulation.

These cases happened when the flies were 4 or 5 days old and had been

fed on sugar sirup or fruit pulp. If given no food they soon die

without mating.

OVIPOSITION.

Oviposition usually takes place in the evening, that being the

time the adult females are most active. It has been observed

occasionally, however, to take place at all other times of the day.

The fruits selected by the females in which to lay their eggs are
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usually medium or larger sized, if all sizes are present on the plant.

They often begin work on a plant when the fruits have just set and

are very small, and all sizes of fruits are subject to attack. They

seem, however, to prefer the half-grown or larger fruits, per-

haps due to a natural instinct, for if the eggs are deposited in a

nearly mature fruit, the fruit may ripen and decay before the mag-

gots have completed their growth. On the other hand, if placed in

very small fruits the maggots will mature before the fruit has

started to ripen, and they sometimes experience difficulty in escaping

from green fruits. It has been said that the mill^ juice from the

green fruits is fatal to the larvae, but this has not been found to be

true. In fact, maggots which had been rolled around in the juice

from green fruits completed their development.

It is not often that an adult fly will oviposit in a fruit where eggs

or maggots are already present, although in a few instances maggots

of two distinct sizes were found. When the first ones to mature

escape they cause the fruit to decay, so the younger ones may not

be able to complete their development.

The adult fly alights on the fruit selected and usually walks around

for a time with a nervous motion. When she has found a suitable

place she forces her ovipositor through the skin and flesh of the

fruit and deposits her eggs inside in the seed cavity. This is ac-

complished by raising the long ovipositor up in a curved position

and placing the tip of it on the fruit near the end of the abdomen,

then forcing it through the fruit. The position taken is much the

same as that of the ichneumon flies in depositing their eggs.

The eggs are laid in clusters and ordinarih^ only one cluster will

be placed in a single fruit, although occasionalh^ two or three are

found. The fly often stings a fruit several times, as many as 10

punctures being counted at times, but does not always deposit a

cluster of eggs. Possibly she is not able to reach through the flesh

of the fruit in all places and hence withdraws and seeks a new place.

In fact, many fruits are stung several times and no eggs laid in them.

This has often happened in the breeding cages where fruits sup-

posedly containing eggs failed to develop any maggots. Also many
fruits on the trees have been marked after being stung and no

larvae ever appeared in them. Usually about two minutes are re-

quired by the female to deposit the eggs, although instances have

been noted where the ovipositor remained inserted for an hour or

more. Occasionally a female will become trapped and die in the

milky juice which wells up when the skin is punctured. This exu-

date coagulates and holds the fly if she does not soon escape. When-
ever a fruit is stung the exudate produces a characteristic mark by

runninof down the side of the fruit and also coao-ulatinff in a larsre
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drop at the puncture. (PI. II, at right.) It is possible thereby to de-

termine easily the number and location of the punctures.

SEASONAL HISTORY AND OCCURRENCE.

The insects breed throughout the year in Florida and are present

in all stages at any month of the year. They have, however, some

seasonal preferences and occur in much larger numbers at some

seasons than others. The time of greatest flight of the adults seems

to be during March and April, while in late summer and fall there

are very few of them in evidence. This is correlated largely with

the growth of the host plants, which begin fruiting usually in the

fall and continue through the winter and spring. Many of the

plants die down or are cut out in the late spring and new ones set.

The flies therefore appear on the new fruits in the fall and con-

tinue to breed in increasing numbers throughout the winter and

spring. The wild papayas in the hammocks fruit at all seasons and

always serve as hosts whether or not any of the cultivated sorts

are available. The generations are by no means marked and vary

in length from 40 days in summer to 70 or more in colder weather.

In a year's time there are about six generations, although they over-

lap and are in no way distinct. Moisture in the soil is a very im-

portant regulating factor in the length of all stages, perhaps even

more so than changes of temperature.

POWER OF FLIGHT.

The distance which the adults are able to travel is not very great,

for they are not strong fliers. One planting of papayas under obser-

vation was placed 2 miles from where any other plants existed and

remained free from infestation throughout the season, the adults

apparently being unable to cover that distance. In most locations,

however, there are wild papayas all through the surrounding ham-

mocks, and these serve to harbor and spread them.

SUSCEPTIBILITY OF VARIETIES.

While no distinct varieties of the papaya {Gar'ica fayaya) are

recognized, there are several types of the fruit grown in the State.

Several have been introduced from foreign countries and crossed on

existing types. Then there are the original wild plants which have

been cross-pollinated on the cultivated plants through natural

agencies. Through all this cross-pollination there result two father

distinct types of fruits, one the small, round, or oval type with

rather thin skin and flesh and the other the large, oblong fruits which

usually have thick flesh. One especially fine fruit of the latter type

has been produced at the Plant Introduction Gardens at Miami, Fla.,
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by Mr. Edward Simmonds, and is known as No. 28533. These oblong

fruits are much more immune to the attacks of the flies, due largely

to the fact that the female flies are unable to reach through the flesh

of the fruit with their ovipositors and lay their eggs. In fact, in some

places they were found practically free from infestation and are

considered immune by the growers. An examination of about 300

fruits of all kinds on the Florida Keys, by A. L. Swanson, an in-

spector of the State Plant Board of Florida, showed 90 per cent of

infestation in the small round fruits as compared to no infestation

in the large oblong fruits. This latter fact has not held good, how-

ever, in investigations by the writer. Several hundred fruits ex-

amined both on the keys and in many places on the mainland showed

about 88 per cent of the round or oval fruits infested and about 15

per cent of the oblong fruits infested. In wild fruits in the ham-

mocks the infestation is close to 100 per cent. No papayas grown in

the State are entirely immune from the attack of the flies.

ENEMIES.

Only two natural enemies have been noted on this insect, one the

jumping spiders and the other the small red ants which sometimes

prey upon the larvae. The large black jumping spiders conceal them-

selves between the fruits on the tree and are then able to catch the

flies when they alight near them. Doubtless they destroy many in

this way. On a few occasions ants have been observed attacking

the maggots in a fruit which had fallen to the ground. They enter

through the exit hole of the first maggot to escape and can then

destroy the remaining larvae in the fruit. They represent a neg-

ligible factor, however, in the control of the pest.

Six hundred pupae dug from the soil under the trees and bred out

in jars failed to produce a single parasite. The insect is well pro-

tected from the attack of parasites through nearly the entire period

of its life.

CONTROL MEASURES.

The most effective way of preventing injury from this pest is by

bagging the trees or fruits. Either cheesecloth or mosquito netting

can be tied over the trees or around the individual fruits, and the

flies will not try to sting the fruits through it. However, this plan

is hardly practicable on a large scale, since it requires considerable

work and expense and. in many cases, changing the bags as the fruits

grow larger.

The adults are readily killed by feeding them a poisoned sirup,

the best results being obtained by using sodium arsenite or potassium

arsenate dissolved in brown sugar sirup. When given this sirup

the adult flies die very soon after feeding, and they eat it as readily
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as the plain sirup. Very good killing results were also obtained

by spraying this mixture with an atomizer on the under sides of the

leaves of the trees in the large cages. Large numbers of flies were

found dead on the ground within a couple of hours. These soluble

poisons, however, burn the trees very severely and can not safely be

used. Even at the rate of 1 pound to 50 gallons, which is as weak
as can be effectively used, severe injury was noted. Insoluble ar-

senic compounds such as Paris green, arsenate of lead, arsenate of

calcium, and arsenite of zinc do not damage the trees but are not

effective. When the arsenic is. mixed in the sirup the flies do not

get enough to kill them.

The following plan if carried out thoroughly will very materially

reduce the number of flies and make the growing of papayas prac-

tical and profitable: (1) Selection of good seed and production of

fruits of oblong shape and thick flesh which will offer more or less

immunity to attack; (2) conscientious destruction of the infested

fruits on the trees early in the season and before the maggots escape

into the ground; (8) destruction of all inferior plants and wild

plants around the place which might serve to breed the pests.

If a planting is sufficiently isolated from other papayas the flies

may be killed out b}^ destroying all the plants in the spring, about

April or May, and resetting new plants. These young plants will

begin to fruit in the summer or early fall, but there will be a period

of about 60 days when no fruits are present, which is long enough

to starve out the flies. Along with this program should go the

destruction of all wild plants in the hammocks for a radius of at

least 2 miles. One large planting under observation was kept free

from infestation for the entire winter by this method and a good

crop of fruit obtained. The previous winter and spring the plants

were badly infested, but the pests were entirely starved out during

the summer. In most locations, however, a grower would not be

sufficiently isolated to practice this method successfully unless the

cooperation of his neighbors could be enlisted.
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INTRODUCTION.

The broad-nosed grain weevil, Caulophilus latinasus Say, has

received but httle attention from economic entomologists, and prac-

tically nothing has been published on the biology of this insect. It

is now widespread over Florida and has been reported from Georgia

and South Carolina. It is not unlikely that it will gradually spread

to other parts of the South and add to the already heavy damage
caused by the rice weevil, Sitophilus oryza Linn.

The damage caused by the broad-nosed grain weevil is more than

has been generally supposed. While more often found infesting

stored corn and chick peas, it commonly attacks a variety of seeds

and cereals. Infested seeds are quickly reduced to a powdery mass
by the combined efforts of the grubs and adult weevils.

It is interesting to note that whole grain or seed of a medium degree

of hardness is entirely immune from the attack of this weevil. The
writer has many times confined weevils with whole grain and chick

peas, with the result that invariably the weevils died from starvation

without being able to penetrate the grain.

The broad-nosed grain weevil, however, is often associated with

the common rice weevil, Sitophilus oryza, and the attack of the com-
mon rice weevil makes it a simple matter for its weaker associate to

reach the softer portions of the grain. Cracked, damaged, or soft

seed is quickly infested by the broad-nosed grain weevil.

The following notes on the life history and habits of this weevil

were made at Orlando, Fla., during 1919, 1920, and a part of 1921.

103755—22—Bull. 1085 1
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ORIGIN AND ECONOMIC HISTORY.

Caulophilus latinasus was described in the year 1831 by Thomas
Say {13: 1831, p. 30; 1859, p. 299) ' from specimens taken in Florida

It is thought to be native to the American continent and is not as

yet very widely distributed.

In 1878 Schwarz {17^, p. 4^8) recorded it from Florida as "rare,

beaten from dead twigs." Ten years later Riley and Howard
(11, p. 198) stated that the genus lived under the bark of dead and
decaying wood or bored into decaying wood of deciduous or coniferous

trees. In 1894 Townsend^ reported it as occurring in a can of ginger.

Two years later Chittenden {3, p. 29-30) reported it for the first time

as attacking stored grain, having found it in a shipment of corn

and chick peas obtained from the Mexican exhibit at the Atlanta

Exposition. In 1897 (4, p. 30-31) and 1911 {5) Chittenden published

short accounts concerning the occurrence of this weevil in the

United States, its synonymy, its reported distribution, the damage
caused by it, etc., and also included a list of references to this species

in literature.

Since then it has been reported by the following writers as attacking

seeds of the avocado in Florida: Schwarz {1, p. 183), Sasscer (12,

p. 4-5), Blatchley and Leng (2, p. 535), Pierce (8, p. 30, pi. 49),

Popenoe (9, p. 6) (10, p. 34-35, pi. 40), Hoyt (6), and Moznette (7).

It was also found by inspectors of the Federal Horticultural Board
infesting roots of dasheen in storage at Brooksville, Fla.

PRESENT KNOWN DISTRIBUTION.

OaulopJiilus latinasus is now widespread over Florida and has been
reported from South Carolina and Georgia. So far as can be deter-

mined, it has not become permanently established in either of the

two latter States. It is abundant within a few miles of the boundary
between Florida and Georgia, however, and may be expected to

invade the southern portion of Georgia.

It is known to occur in Jamaica, Cuba, Porto Rico, Mexico, Guate-
mala, and Madeira, and is doubtless common throughout the islands

of the West Indies and in the countries of Central and South America.

FOOD.

Caulophilus latinasus is known to breed in corn, chick peas, millets,

acorns, and seed of the avocado and has occasionally been found
breeding in the roots of the dasheen and in sweet potatoes.

In addition, the adult weevils feed readily on wheat, barley, wheat
flour, ginger, and macaroni. The writer has occasionally found them
feeding on fresh fruits, and E. R. Sasscer, of the Federal Horticultural

Board, states that the board has observed injury to chayotes by this

weevil.

1 Reference is made by number (italic) to "Literature cited," p. 10.

» TowNSEND, C. H. T. Institute of Jamaica, Notes from the Museum, No. 78, 1894. (Hectographed.)
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LIFE fflSTORY (PI. 1).='

The adults of the broad-nosed grain weevil possess functional

wings, and although not great fliers they are capable of making short

llights in search of food. They fly to the cornfields in the summer,

Feed on the grain, and deposit eggs in it before it becomes fully

hardened.

The damaged and exposed ears of corn arc the ones that are

attacked by the weevils, those ears that have a well-developed and

tightly fitting shuck being entirely immune from attack.

After the grain is harvested and placed in storage the work of

destruction continues. The kernels infested in the field are com-

pletely destroyed, and the multiplying weevils attack cracked and

broken kernels and grain that is softened by excess moisture or is

damaged by the depredations of other grain pests.

OVIPOSITION.

Under favorable conditions oviposition occurs more frequently dur-

ing the hours of the morning; eggs are laid, however, at all times of

the day.

The female weevil excavates the egg cavity in a manner very

similar to that of Sitophilus oryza. The weevil places herself in the

desired position. The sharp hook or claw on the end of the tibia of

each leg is dug mto the surface of the kernel, the four legs thus form-

ing pivots on which the body oscillates. This oscillating movement

of the body, together with a turning movement of the head, imparts

to the proboscis a combined up-and-down and rotary motion. The
position of the legs is not changed, as a rule, until the excavation is

completed, and the proboscis or beak is seldom withdrawn during

this time. Work on the cavity continues until its depth approxi-

mates the length of the beak from the tip to the eyes. The sides are

then smoothed off.

After the completion of the cavity the weevil reverses her position

and places the tip of her abdomen over the mouth of the egg cavity.

After a period of from two to three minutes the egg is ejected from

the ovipositor into the cavity, followed by a liquid secretion that

forms a cap and cements the egg into place. This secretion quickly

hardens. Immediately after the egg is deposited the weevil turns

about and tamps down the edges of the egg cap with her beak,

picking up small pieces of the borings from the excavation and tamp-

ing in around the edges.

The egg cap is transparent, and the outer surface is invariably

exactly level with the surrounding surface of the corn. After the

young larva has emerged from the egg and the egg cavity is filled

with larval borings it is often difficult to detect the original position

of the egg.

' In breeding experiments from wliich the Ufe-history data were taken corn was used as the host seed.
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WHERE THE EGGS ARE LAID.

In broken or damaged corn the eggs usually are laid either in the

germ or in the soft starch of the endosperm, and very rarely in the

harder horny part of the kernels. In the case of undamaged kernels

eggs are laid only if the corn is very soft, as ordinarily the seed coat

is too tough for the weevil to penetrate.

OVIPOSITION PERIOD AND NUMBER OF EGGS LAID.

The preoviposition period of the broad-nosed grain weevil is ap-

parently a little longer than that of the other grain weevils. The
shortest period observed was nine days; however, it was not un-

common for a period of from one to two months to elapse after

emergence before the first egg was laid.

The oviposition period, once started, extends over most of the

remainder of the life of the weevil. The longest oviposition period

observed was 176 days; the average was somewhat less, approxi-

mately 123 days.

The number of eggs laid by the female of this species is not ex-

ceptionally great. The largest number laid by a single female under

observation was 229. These were laid over a period of 124 days

—

August 13, 1919, to December 14, 1919, an average pf almost 2 a

day. As shown in Table 1, the average number laid is about 136,

Table 1 contains data concerning the preoviposition period, the ovi-

position period, the number of eggs laid, and the length of life of 11

representative individual weevils.

Table 1.

—

Oviposition data for Caulophilus latinasus.

WeevU
No.



1085, U. S. Dept. of Agriculture.

A

pres: sc

Caulophilus latinasus.

A, Pupa, dorsal view; B.pupa, ventral view; C, pupa, lateral view; D, adult; E, first-stage

larva; F, second-stage larva; G, mature larva; H,egg.
Key to larval parts: al, Alar area; cox, coxal lobe; ep, epipleurum; eu, eusternum; hyp, hypo-

pleurum; prw, praescutum; «c, scutum; scui, scutellum.
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LARVAL HABITS.

The larva or grub bores straight down into the grain at first and

is rarely found near the surface. It tunnels around rather aimlessly,

filling up the passagfeway behind it with frass and borings. It

usually remains in the soft parts of the grain.

PREPUPAL STAGE.

When fully grown the larva prepares for the change to the pupa
or resting stage. It uses the end of its burrow for a pupal chamber,

packing the frass and borings at the ends into a compact mass.

The larva lengthens out and becomes sluggish, assuming the pre-

pupal form. This stage lasts for one day in warm weather and two

days in winter.
PUPAL STAGE.

The pupal stage lasts for a period of five days during warm weather

when the temperature ranges from 65° to 99° F., with a mean of

about 81°. As with the other stages, cold weather has the effect of

lengthening the period. Table 3 contains data showing the varying

length of this stage at different times of the year.

NUMBER OF MALES AND FEMALES.

Of several hundred weevils reared in the laboratory and of large

numbers collected in the field, the males and females were about

equal m numbers. The males and females closely resemble each other

in outward appearance and can not be differentiated without the

aid of a magnifying glass.

As with many other weevils the beak of the female differs slightly

from that of the male and affords a ready means of distinguishing

between the two sexes. The beak or proboscis of the female is approx-

imately equal in width for its entire length and, is longer and more
slender than that of the male. The beak of the male is slightly

enlarged at the tip and narrows gradually toward the base.

COPULATION.

Copulation occurs within a few days after emergence and is re-

peated at intervals. It occurs chiefly at night. These weevils are

rarely to be seen in copula during the day.

Unfertilized females have been observed to lay eggs but rarely.

None of these eggs have been found to hatch, so it is doubtful

whether unfertilized females are capable of laying fertile eggs.

LIFE CYCLE.

The period from egg to adult during warm weather averages about

30 days, which with an average preoviposition period of 22 days gives
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an average life cycle of 52 days. This is 18 days longer than the

shortest record obtained and considerably shorter than the life cycle

during the winter months.

LONGEVITY. ^

The average length of life of the adult weevil is about 152 days

when reared in captivity. Of fertilized females one lived for 209

days while two unfertilized females lived for 240 and 244 days,

respectively.

When deprived of food these weevils are capable of living for

extended periods if the temperature is not too high. Fifty weevils

were placed without food in a chamber with a constant temperature

of 60° F. The majority lived for a period of 55 days, while a few
survived for 90 days and one for 96 days. During normally warm
weather these weevils will live for from 5 to 12 days without food.

PARASITES.

The larvge of this weevil are attacked by three hymenop terous
parasites, CercocepTiala elegans Westwood, Aplastomorpha vandinei

Tucker, and Zatropis sp.

Larvae, pupae, and eggs are all attacked by a predacious mite,

Pediculoides ventricosus Newport.

CONTROL MEASURES.

This weevil may be effectively controlled by the standard remedies

advocated for the control of insect pests of stored grain.

TECHNICAL DESCRIPTION OF IMMATURE STAGES.

EGG.

Egg opaque, shiny white, bottom broadly rounded, top flattened and fitting into a

translucent cap. Length, without cap, 0.45 to 0.47 mm.; width, 0.27 to 0.32 mm.

Mature larva 2 to 2.5 mm. in length, a white, footless, fleshy grub, with body curved

and wrinkled. Head light brown or straw color, the anterior margin and mandibles a

darker brown. Head about as broad as long, almost circular in form. Epicranial

and frontal sutures distinct and light in color. There are also two oblique, longitu-

dinal, light stripes rising from the frontal sutures and coalescing with the epicranial

suture near the base of the head. Frons subtriangular, with a distinct dark median

line running from posterior angle to middle, and indicating carina. Frons provided

with four pairs of large setse, sutural margins each bearing one seta. Epicranial lobes

bearing the following setse: One close to posterior angle of frons and located in the

oblique, longitudinal stripe rising from the frontal suture, one small seta posterior to

this and near occiput, two anterior to it on disk of epicranium, two opposite middle of

frons, one opposite middle of mandible, one opposite hypostomal angle of mandible

and one on hypostoma near base of mandible. Epistoma represented by thickened

anterior margin of the front. Pleurostoma represented by somewhat darker declivous
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area surrounding the mandibular foramen. Mandibles stout, triangular, with the

apex produced into an acute apical tooth. Inner edge toward apex provided with a

subapical tooth and a small medial tooth, no molar structure. Dorsal area of each

mandible armed with a pair of stout bristles set close together. Eye represented by a

well-defined black spot beneath the exoskeleton. Clypeus broad at base, sides nar-

rowing towards apical angles; distinctly broader but not as long as labrum. Epistomal

margin provided with two fine hairs on each side. Labrum about as broad as long,

rounded in front, provided with three pairs of large setae and five pairs of short, thick-

ened, marginal setae.

Maxillae terminated by a 2-jointed palpus and setose maxillary lobe. Maxillae each

provided with four setae as follows: One on first segment of palpus, two on vaginant

membrane between palpus and palpifer, and one stouter and larger midway
between palpus and cardo. The stipes labii enforced posteriorly by a median triangular

chitinization bear 2-jointed palpi and a single pair of seta?. Ligula bearing four small

setae. Mentum and submentum fused and bearing three large setae on each side.

Pronotum simple and undi\-ided. Praescutal and scuto-scutellar areas roughly indi-

cated by rows of setae. Mesothoracic and metathoracic segments divided above into

two areas representing praescutum and scuto-scutellum; below and adjacent to

epipleurum is the alar area. Below ventro-lateral suture are a well-defined hypo-

pleurum, coxal lobe, and eusternum. The thoracic spiracle, located on the pre-

epipleural lobe of the mesothorax, is bifore, with the fingerlike air tubes pointing

dorsad, and is somewhat larger than the abdominal spiracles. Ten abdominal seg-

ments, ninth small, tenth reduced. Each tergum of first eight abdominal segments

divided above into three distinct areas—praescutum, scutum, and scutellum. Below

and adjacent to epipleurum is the alar area. Below ventro-lateral suture are a well-

defined hypopleurum, coxal lobe, and eusternum. Abdominal segments provided

with setae as follows: Two on praescutum, five on scutellum, two on alar area, two on

epipleurum, one on coxal lobe, and two on eusternum. Each of the first eight abdom-

inal segments bears a bifore spiracle, that of the eighth being slightly larger than the

rest.

stage. Width of lan-al head.

1 0.22 to 0.23 mm.
2 33 to .38 mm.
3 53 to .57 mm.

PUPA.

Pupa white when first transformed. Length, 2.8 to 3 mm.; width, about 1.3

mm. Tips of elytra attaining the sixth abdominal segment, tips of metathoracic tarsi

not extending beyond wing tips. Head rounded, beak short and broad. Head pro-

vided with two prominent spines toward the vertex, two smaller ones on sides

above eyes, a spine on each side of front between eyes, two pairs on beak between

frontal ones and base of antennae, two pairs on beak between base of antennae and tip

of beak, and four pairs of small setae on tip of beak. Prothorax provided wdth two pairs

of antero-marginal setigerous tubercles, one pair of antero-lateral, two pairs of postero-

lateral, and four pairs of dorsal setigerous tubercles. Mesonotum and . metanotum

each provided with two pairs of spines. Abdomen with eight distinct dorsal tergites;

dorsal area of each armed wdth two pairs of large spines; lateral area of each tergite

armed with a spine at base of which is a small seta. Epipleural lobes each obscurely

armed with one or two minute setae. Ninth segment armed as usual with two promi-

nent pleural spines.
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INTRODUCTION.

One of the most effective factors in the control of the brown-tail

moth {Euyroctls clirysorrhoea L.) in the United States is the

introduced tachinid fly Zygohothria nidicola Townsend. Strangely

enough this European parasite had not been described at the time

it was first obtained in this country. The first adults were reared

at the Gipsy Moth Laboratory, then located at North Saugus, Mass.,

in the summer of 1906, from brown-tail moth caterpillars that had
been received from Europe during the preceding winter. The speci-

mens were referred to Mr. C. H. T. Townsend, of the Bureau of

Entomology, United States Department of Agriculture, for identi-

hcation. After some correspondence with European authorities, to

whom also specimens were submitted for examination, Mr. Town-
send concluded that the species was new, and subsequently described

it under the name Zygohothna nidicola^

Much difficulty was experienced in rearing adults of the parasite

for colonization from imported brown-tail moth larvse. This was

due to the great mortality among the caterpillars, particularly from

^ Special acknowledgments are due Mr. A. F. Burgess, in charge of Gipsy Moth and
Brown-tail Moth Investigations, for helpful criticism of this bulletin, and Messrs. S. S.

Grossman and R. T. Webber, of the Gipsy Moth Laboratory,, Melrose Highlands, Mass.,

for many suggestions during the prosecution of the work.

•Townsend, Charles H. T. The taxonomy of the muscoidean flies, including
DESCRIPTIONS OF NEW GENERA AND SPECIES. In Smithsonian Miscellaneous Collections,

V. 51, p. 99-101. 1908.
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disease, before the parasites completed their development. Despite

the discouraging results of the breeding work, however, Z. nldicola

became established, and by 1910 had definitely taken its place in

our fauna. The trying experiences of the laboratory force, in their

attempts to establish this parasite, are interestingly recounted by
Howard and Fiske.^

DISTRIBUTION IN THE UNITED STATES.

Because it evidently has no hosts other than the brown-tail moth
the parasite must necessarily remain within the area over which this

insect occurs; but within these limits it appears to be widely dis-

tributed, although it is relatively less abundant in the sections

where very low temperatures are reached during the winter. It has

been recovered from Rhode Island to northeastern Maine—very

abundantly in the former region, sparingly in the latter. This wide
dissemination, within some seven or eight years, is very largely the

result of natural spread, since there has been little artificial coloniza-

tion of this species.

LIFE CYCLE OF THE BROWN-TAIL MOTH.

Before taking up in detail the biology of the parasite it will be

well to review briefly the life cycle of its host. During July the

female brown-tail moth deposits her eggs on the underside of a

leaf of one of the favored food plants—apple, pear, oak, or wild

cherry. Usually the terminal leaves of the uppermost shoots of the

tree are selected for oviposition. The eggs hatch in about three

weeks and the small caterpillars feed on the epidermis of the leaves,

preferring the terminal ones, which they gradually tie together with

a large amount of silk. This process is slow, but ultimately a firm,

tough web, about 3 or 4 inches long, is formed. By this time the

majority of the slowly growing larvae are in the third stage and are

ready for hibernation. In the spring feeding begins as soon as the

buds open, and continues until the middle of June, when cocoons

are formed and pupation occurs. Moths issue during the first half

of July, and, after a few days, lay their eggs. There is only one

generation annually.

LIFE HISTORY AND BIOLOGY OF THE PARASITE.

EMERGENCE AND LONGEVITY OF THE ADULTS.

Adults of Z. nidkoJa appear during the latter half of July. They
are very sturdy flies (Fig. 1) and endure unfavorable conditions

well, normally living for a period of at least several weeks. Some

» Howard, li. O., and Fiske, W. P. The importation into the United States of the
PARASITES OF THE GIPSY MOTH AND THE BROWN-TAIL MOTH. U. S. Dept. AgT., Bur. Ent.
Bul. 91. p. 289-295. 1911.
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specific data with regard to the length of life were obtained from

laboratory experiments in which various types of cages were used.

These consisted of: (1) Plain glass cylinders, measuring 50 by 200

mm., closed at one end; (2) ordinary shell vials. 22 by 100 mm.; and

(3) a wooden cage, which had been successfully used by Mr. J. J.

Culver in his life-history studies upon Comps/lura concinnata

Meigen, a tachinid parasite of both the brown-tail moth and the

gipsy moth.

The glass cylinders were rather satisfactory for two to five flies

each, when a bit of crunched crepe paper was placed inside to afford

the flies a good footing, but it was necessary to change the cylinders

Fig. 1.—Adult male of Zjiciohothrin nitlicnla.

every few days because they quickly became dirty and sticky, and

this involved a good deal of work. This objection applied to the

shell vials as well, which in addition were found to be too small even

for individual flies. The wooden cage was by far the most satisfac-

tory. It measures about 12 inches square and 4 inches high, and is

fitted with a cloth bottom to facilitate cleaning after each experiment

;

the top is a piece of window glass of the proper size. One-inch

holes bored in the sides of the box and covered with fine wire gauze

insure good ventilation. Another opening of the same size is fitted

with a cork and is used for introducing the flies. Feeding is facili-

tated by the use of a larger opening, about 2 inches in diameter, which

can be closed with a wooden stopper. After the flies were placed in

this cage they were left entirely alone save for the feeding, which
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was done on alternate days. This process merely involved slipping

a narrow strip of blotting paper, which had been soaked in a mixture

of honey and water, into the cage, and removing the old strip which
had been placed there two days before.

Only a small proportion of the flies confined in the glass cylinders

or shell vials lived from 25 to 28 days, and then only upon receiving

particularly good care ; those in the wooden cages which were given

comparatively little attention lived five weeks and more. Two males

and one female, which were confined in one of these wooden cages,

were apparently in as good condition at the end of a 40-day period,

when the experiment was discontinued, as when first placed in the

box; several larger lots did about as well. The data obtained cer-

tainly demonstrate the ability of Z. mdicola to live a long time ; and
since even at best the artificial methods of the laboratory probably

can not provide the equivalent of natural conditions, it seems safe to

assume that in nature the average life of Z. nldicola is at least 25 to

30 days.
EMBRYONIC DEVELOPMENT.

Mating takes place within a few hours after emergence, sometimes

even before either fly has fed. Following impregnation the uterus

of the female fly gradually becomes much elongated and coiled, ulti-

mately attaining a length of 7.5 to 8 mm., which is about the length

of the entire insect. This enlargement results from the stretching

of the walls of the organ as the enormous numbers of fertilized eggs

jDass into it and arrange themselves in more or less regular spiral

layers. Embryonic development requires from seven to eight days.

At the end of this period the lower part of the uterus contains a con-

siderable number of maggots, each still enclosed within its egg-

chorion. From 12 to 16 days after impregnation two-thirds of the

600 or more eggs in the uterus have fully formed first-stage maggots

within them, if the fly has not been ovipositing as rapidly as they have

developed.
OVIPOSITION.

The female fly prefers as its victims brown-tail moth caterpillars

that are from several days to two weeks old, but even those just out

of the egg are often successfully parasitized. Most of the oviposi-

tion by this species takes place during the first three weeks of Au-

gust, in normal seasons.

Oviposition was readily obtained in the laboratory by confining

a fertilized female fly in a shell vial with a few brown-tail moth

larvae that had been placed upon a small piece of cherry leaf. Hav-

ing found the caterpillars, the parasite manifested much interest,

passing slowly from one larva to another and inspecting each

minutelv. Then, with her face but a few millimeters from one of
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the caterpillars, she slowly and deliberately pushed her abdomen
downward and forward until the ovipositor plates Avere even with

her face. With a quick movement the ovipositor was then pushe<l

l)eneath the larva, and an egg with a first-stage maggot within it

was deposited. The egg is almost invariably placed on the venter

of the host, and usually occupies a transverse position between two

pairs of true legs, or, less frequently, between tAx-n ])airs of prolegs.

Occasionally an egg is placed on the dorsum by accident, but in such

cases the parasitic maggot is unable to enter its host—at least this

was true of instances under observation in the laboratory. The ex-

planation probably is to be found in the thicker skin of the dorsum,

which is not so easily pierced by the small maggot.

Although only one parasite can complete its development in one

host larva, the fly uses no discrimination when depositing her eggs;

she places eggs as readily upon larva? already having eggs upon
them as upon those not yet attacked. From five to eight eggs have

been found on one caterpillar. That this takes place under field con-

ditions as well as in the laboratory has been disclosed by dissections

;

from 6 to 10 first-stage maggots of the parasite have been not un-

commonly dissected from single field-collected brown-tail moth

caterpillars.
EGG.

As deposited, the egg measures from 0.42 to 0.45 mm. in length by

0.11 to 0.12 mm. in width; the maggot within is 0.33 to 0.35 mm.
long and 0.08 to 0.09 mm. broad. In form the egg is elongate-oval,

somewhat narrowed at the posterior end, and concave on the lower

side; in color it is whitish. The thin and delicate chorion is trans-

parent. When viewed from above the egg appears opaque; this is

due to what seems to be a special layer of protecting tissue just in-

side the chorion; it is limited to the posterior three-fourths of the

egg, and occurs only above the maggot. It is peculiarly' reticulated,

being marked off into very slender hexagons, the outermost of which

are incomplete. Its position suggests its function to be that of afford-

ing protection to the young maggot before the latter succeeds in bor-

ing into its host.

ENTRANCE OF MAGGOT INTO HOST.

Having l)een placed upon its host the parasitic maggot begins to

cut through the thin egg chorion that confines it, and as soon as this

is done it bores into the caterpillar. The posterior end of the para-

site remains inside the eggshell until the opening into the host has

been made; when this has been accomplished it requires but a

fraction of a second for the maggot to pull its whole body into the

caterpillar. In one case under observation the entire process of

cutting through the egg chorion and the host skin and entering the

104616—22 2
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brown-tail moth caterpillar was completed within 10 minutes after

the egg had been deposited. From many observations it appears
that normally 20 to 30 minutes elapse between oviposition and the

entrance of the parasitic larva into its host. Often the caterpillar

makes vigorous attempts to destroy the maggot before the latter

has made its way inside, and occasionally these efforts are suc-

cessful, particularly if the egg of the parasite was deposited near
the posterior end of the host. In this case the brown-tail moth

hirva, by doubling its body, can reach the parasite

and crush it Avith its mandibles.

FIRST-STAGE MAGGOT OF THE PARASITE.

The most striking thing about the parasitic mag-
got at the time it enters the caterpillar is the strongly

chitinized mouth hook (Fig. 2, «, h). It is

simple in this stage, consisting of a single

aj^ical tooth and comparatively narrow,

divided, posterior plates, the entire mouth
hook being one solid structure. A pair of

rather indistinct spiracles open on the last

body segment.

After entering its host the parasite lives

free in the body cavity for about 10 to 14

days and feeds on the fat body of

the slowly developing caterpillar.

Then it enters the cesophagus and

remains here throughout its hiber-

nation period of about nine months.

It may lie longitudinally disposed

or it may lie obliquely ; apparently

no particular part of the cesopha-

gus is preferred, but usually the

head of the parasite is directed to-

ward the anterior end of its host.

From dissections it appears that the maggot lies in a cyst against

the inner wall of the intestine. Here, of course, it does not feed

at all.

Rather severe competition is encountered from two. hymenopterous

parasites, Apanteles lacteicolor Viereck and Meteor-us versicolor

Wesmael, which also hibernate in the small brown-tail moth cater-

pillars. The presence of either of these parasites in the same host

with Zygobothria produces the death of the latter. The eixact

nature of this peculiar influence exerted by the hymenopterous para-

sites upon the dipterous larva has not yet been demonstrated. Death

Fig. 2.

—

Zygnhothria nidicoUi: a. Mouth
hook of first-stage maggot, dorsal as-

pect ; h, mouth hook of first-stage

maggot, lateral aspect ; c, mouth hook
of second-stage maggot ; d, mouth
hook of third-stage maggot.
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may perhaps result from a direct secretion of the hymenopterous

species, or it may follow some special reaction on the part of the

host; at no time has evidence of active combat been found.

In the spring the brown-tail moth larva; that have hibernated begin

feeding as soon as the buds open, but the Zygobothria maggots, in

their cysts in the oesophagus, remain inactive for several weeks

longer. It is not until late May and early June, when the host larvae

have molted into the last stage, that the parasite leaves its cyst in

the fore-intestine and again enters the body cavity of the caterpillar

to feed. Invariably it works its way at once to the posterior end of

the host. After three or four days it is found to have estal^lished

communication with the outside air through an opening in the integu-

ment of the brown-tail moth larva. From this minute, more or less

circular opening there proceeds a rapid growth of the integument

into the body cavity. This ingrowth takes the form of a funnel,

within Avhich the parasite lies, its posterior end directed toward the

small opening, its anterior end free in the fat and fluids of its host.

Thus the parasite has procured for itself an independent air supply.

On the outside of the integumental funnel layers of soft tissue,

evidently consisting of hypodermal cells, leucocytes, and compressed

fat cells of the caterpillar, are gradually laid down, one upon
another, until a thick, fleshy wall has been formed about the funnel.

The manner in which the opening through the body wall of the

brown-tail moth larva is effected was not observed. Possibly it results

from irritation by the spines at the caudal end of the parasitic

maggot.
SECOND-STAGE MAGGOT OF THE PARASITE.

Very soon after becoming established in the posterior end of its

host, and in the integumental funnel, the parasite molts into the

second stage. The first-stage skin is pushed back upon the funnel

where it is readily detected by the presence of the mouth hook. The
second-stage maggot is distinguished from that of the first stage by
its larger size, the much heavier mouth hook, and the presence of a

pair of anterior spiracles, often difficult to locate, situated between

the second and third body segilients. Instead of the single apical

tooth of the first stage the mouth hook now has two teeth, the

pharyngeal skeleton having divided longitudinally over its anterior

half; furthermore, there is now an indistinct transverse joint near

the middle of this anterior portion. The posterior plates of the

mouth hook are much stouter than in the first stage.

Throughout this instar, which requires from. 8 to 12 days, the

maggot remains in the integumental funnel. It grows rapidly during

this period so that it measures about 4 mm. in length when ready to

molt into the third and last larval stage. By this time the host has

spun its cocoon.
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3.—Brown - tail moth
caterpillars containing pu-

paria of Zygobothria ni-

(licohi.

THIRD-STAGE MAGGOT OF THE PARASITE.

When the second-stage skin is molted it is pushed back upon the

funnel, as was that of the first stage; the mouth hooks of the two

instars at this time are easily seen on the mass of yellowish tissue that

surrounds the chitinous funnel itself. The
particular points of difference between the

second and third stage maggots are the larger

size of the latter and its much heavier mouth
hook. The mouth hook is divided longitudi-

nally as in the second stage, but there are now
two joints in the anterior part of the skele-

I^HHllj^ ton, one near the middle, corresponding to the
^^^^^^ single joint of the second stage, and another

near the base of the very broad posterior

plates. The anterior spiracles, opening be-

tween the second and third body segments,

are much more distinct than in the second

instar.

This stage is the shortest of the three, requiring only four or five

days. The host larva is killed just before the end of this period,

with the destruction

of its vital organs,

and the parasite
forms its puparium

in the integumental

funnel inside the

host.

The puparium is

about 8 mm. long

and is dark brown-

ish red in color; the

posterior end is a

little depressed, and

the two anal stig-

mata (Fig. 4) with-

in the depression are

slightly elevated.
Dead caterpillars

that contain puparia

of Z. nidicola (Fig.

3) are easily detect-

ed; they are greatly

shortened, being scarcely longer than the puparia within, and are

slightly inflated.

The period spent in the puparium averages from 25 to 30 days,

after which the flies appear, some 8 to 16 days prior to the hatching

Fig. 4.—Anal stigmata of puparium of Zijoobothria nidicola.
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of the eggs of the brown-tail moth. This is just time enough to

insure fertilization and development of the ova. Thus the life cycle

of Zygohothria nidicola fits perfectly into that of its host.

ECONOMIC IMPORTANCE OF THE PARASITE.

Although Zygohothria nidicola has only one generation a year, and

is handicapped by its absolute dependence upon the brown-tail moth,

it has become a common species in New England. This means that

it is of very great importance in the natural control of the brown-tail

moth. Especially in the southern part of the infested area has the

parasite proved remarkably effective, despite the fact that it is always

the loser when in competition with Apanteles lacteicolor or Meteorus

versicolor. In dissections of thousands of hibernating brown-tail

moth caterpillars from all sections of New England it has been com-

mon to find from 20 to 30 per cent parasitism by Zygohothria.
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INTRODUCTION.

While the gipsy moth {Poi^thetria dispar L.) has been in Mas-

sachusetts since 1868, that section of the State in which the cran-

berry industry is established was nearly immune from the ravages of

this insect until 1913. About this time, however, owing to favorable

conditions, the infestation increased very rapidly in the southeastern

part of the State, and occasional complaints were heard regarding

injury to cranberry bogs in certain sections of Bristol, Barnstable,

and Plymouth Counties. These conditions, and the importance of

the cranberry industry, were sufficient causes to Avarrant a study of

the habits of the gipsy moth on this new food plant. Under the

direction of A, F. Burgess, in charge of moth work in New Eng-

land, the writer began a study of the problem in 1916, the results

of which are recorded in this bulletin, together with suggestions in

108485''—22 1
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regard to methods of control which may he adopted in cases where

this pest becomes a menace to cranberry bogs.^

ARTIFICIAL CRANBERRY BOGS.

The locations in which cranberries may be grown vary considerably

in regard to natural conditions. In Massachusetts, the State with

which this investigation more particularly- deals and in which more

than half of the total crop is produced, the cultivated, or artifi-

cial, bogs are constructed in locations where, perhaps, the cranberry

once grew naturally, but not necessarily so. They are, however, always

located in natural depressions of the land, varying in size from less

than an acre to more than 100 acres, in natural swamps or bogs,

in which the water table is constantly near the surface of the soil.

To protect the plants against damage from frost or against insect

injury, it has been found desirable to provide for flowing the bogs

with water. Where this can be done the bog is called a wet bog;

where not, a dry bog. Each has its advantages; but as a rule wet

bogs are preferred.

HOW BOGS BECOME INFESTED WITH GIPSY MOTHS.

The topography of the cranberry-producing sections of Massachu-

setts is characteristic of the glacial drift of Cape Cod. It is broken

by low rolling hills, interspersed with bogs, ponds, and meadows.

The uplands immediately surrounding the cranberry bogs, often

from 10 to 50 feet high, frequently Avell wooded, furnish ideal condi-

tions for wind dispersion of first-stage gipsy moth larvae, the prin-

cipal means by which both wet and dry cranberi-y bogs become

infested.

When trees are allowed to grow close to and overhang the bog,

larvae may drop or spin down from the branches and reach the

cranberry vines. When heavy infestations obtain in the wooded

borders and are not destroyed, defoliation is likely to occur, and the

larvae may crawl from the upland onto the bog in search of food

and cause serious damage, as these large larvae feed upon both neAv

and old foliage, even eating the bark from the vines. These are

the three principal ways (wind, dropping, and crawling) by which

1 The writei- wishes to express his appreciation to A. F. Burgess, Dr. J. N. Summers,

and I. T. Guild for their helpful suggestions and advice, which have added materially

to the accuracy and value of this paper, and to the last for the map and upland trench

drawings ; to F. H. Mosher for notes relative to the killing of the embryo in gipsy moth
eggs by winter flooding of cranberry bogs ; to W. N. Dovener for the enlarged drawing of

the terminal bud of tlie cranl>erry plant ; and to C. E. Hood for the preparation of the

photographic illustrations—all of the Bureau of Entomology ; to Dr. II. J. Franklin, super-

intendent of the cranberry substation of the Massachusetts State Experiment Station,

Wareham, Mass., for valuable information relative to the growth of the cranberry plant

and bog management ; and to J. W. Smith, meteorologist in charge of the U. S. Weather
Bureau at Boston, Mass., and his assistants for information relative to wind currents,

temperature, and the setting up and management of the recording instruments.
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cranberry b()<;s become infested witli gipsy motli larvae. In view

of the fact that cranberry foliage is not a very favored food which

gipsy moth larvae seek by choice, and as the bog does not offer

favorable conditions for reproduction of the moths from year to

year, it is obvious that wind dispersion is an important, if not the

most important, factor to be considered in studying the infestation

of bogs.

WIND DISPERSION OF GIPSY MOTH LARV^.

The first investigations of wind dispersion of the first-stage gipsy

moth larva3 were made in 1910 by A. F. Burgess and recorded in Bul-

letin No. 119 of the Bureau of Entomology. These investigations

established the fact that the young gipsy moth caterpillars, soon after

they emerged from the egg, were carried considerable distances by

the wind. This was the first indisputable explanation of the origin

of isolated infestations in woodlands, as well as those that were
frequently located in territory outside of the known infested area.

The spread of this insect in a northeasterly direction year by year,

it was found, Avas due to the fact that the wind usually blows from

the southwest at the time when the young caterpillars first reach the

tops of the trees.

In 1913-14 C. AV. Collins carried on a series of experiments to de-

termine the distance young caterpillars would be carried by the wind.

The results of these experiments are recorded in Bulletin No. 273 of

the U. S. Department of Agriculture, in which it is shown that under

favorable conditions the small caterpillars were carried 13^ miles.

Later experiments have demonstrated that they may be carried 20

miles, and it is probable that under the most favorable conditions the

spread is even greater.

SELECTION OF A BOG FOR EXPERIMENTAL PURPOSES.

Several bogs in the cranberry region were examined and the one that

seemed best suited for the experiments was in the northern part of

Carver, Plymouth County, Mass. This bog was approximately oval in

form, about 3,600 feet long and 2,000 feet across at its widest part. The
bordering uplands were typical of the region, consisting of eleva-

tions, from 10 to 50 feet in height, well wooded with pine, oak, birch,

and some maple, with a few stands made up mainly of oak and birch.

Egg clusters of the gipsy moth were found in these bordering wood-

lands, and were particularly plentiful on the western border. Some
sections of this area were already in bog, one portion was in process

of reconstruction, and the remainder was the bed of a pond that had

recently been drained for the purpose of converting the whole area

into one large cranberry bog. (PI. I, Fig. 2.)
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OBSERVATIONS ON WIND DISPERSION.

To determine the number of caterpillars blown upon this bog,
traps were located at points shown on the map (Fig. 1) and con-
tinuous observations taken during the period in which the larvse

PASTURE

3CALE OF FEET

Pig. 1.—Sketch map of Muddy Pond Bog, showing location of traps.

were carried by the wind. Record was made of temperature, with
Draper self-recording thermometers, one at the bog level and an-
other at the top of the observation tower described later : and wind
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Fig. I.

—

Gipsy Moth Larva Destroying All
Prospects of a Cranberry Crop.

Fig. 2.

—

General View of Muddy Pond Bog, Carver, Plymouth
County, Mass., Looking South from the Dike.

THE GIPSY MOTH ON CRANBERRY BOGS.



Plate II.

Fig. I
.

—

Horizontal Trap Used for Capturing Wind-Borne Gipsy Moth
LARv/e, Showing Construction.

Fig. 2.

—

Same Trap Shown in Figure 1 in Place on Muddy Pond Bog.

THE GIPSY MOTH ON CRANBERRY BOGS.
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velocity was recorded at a point about 25 feet above the bog level by

a Robinson cup anemometer. The direction of the wind was also

noted at hourly intervals durinir the day. The traps made it possi-

ble to count the cateri)illars fallino; upon a known area, under given

conditions, and at different locations on the bog, and to compare

these records from year to year.

DESCRIPTION OF TRAPS.

The traps used by Burgess and Collins in previous wind disper-

sion experiments were constructed of 1-inch mesh wire poultry fenc-

ing, erected in a vertical position, and made in several sizes, their

principal object being to demonstrate the certainty of wind dis-

persion.

A study of the results of these experiments indicates that quite a

percentage of the caterpillars, particularly when the wind attained

a velocity of 20 miles or more per hour, were blown through the

meshes of the wire, notwithstanding the fact that the wire was well

covered with commercial sticky tree-banding material. Eight hori-

zontal traps having a solid surface w^ere used in the bog experiments,

numbered 1, 2, 3, 4, 7, 8, 9, and 12, and two vertical traps numbered
10 and 11. (Fig. 1.)

The horizontal traps were 20 feet long and 2 feet 8 inches wide,

outside measurement. These dimensions were adopted for two prin-

cipal reasons : First, to facilitate inspection of the surface, and, sec-

ond, to reduce the danger of wind damage. For convenience in

handling, they were made in two sections, each 10 feet long. The
framework was made of wood 1 inch thick and 2 inches wide with

a strip through the center to prevent the covering from sagging.

(PI. II, Fig. 1.)

Cotton cloth was first used for covering the frame, but this w^as

not satisfactory, owing to its tendency to sag and hold rain water.

Wall board was substituted, and proved very effective. Support-

ing stakes were driven into the bog at such height that when the

frame was nailed to them, the two sections sloped from the center

toward either end, in order to shed all moisture. (PI. II, Fig. 2.)

The upper surface of the wall board was given a coat of outside

white paint, which helped materially in distinguishing the small

gipsy moth larvae from the myriad of midges and other insects

that are caught upon the trap. After the paint was dry the surface

was marked off into 64 oblong sections 8 inches wide and 15 inches

long. This made it possible to be sure that the whole surface was
inspected and saved considerable time in making collections of

larva? that were caught on the trap.
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Finally, the whole surface was covered with a coating of com-

mercial sticky tree-banding material about one-fourth inch in thick-

ness to serve as a trap for the caterpillars.

Later, improvements were made by setting the traps practically

level, with an additional center support running longitudinally and

serving as a ridge, which gave a slight pitch to either side, forming

a perfect watershed. They were also raised to stand about 2 feet

above the bog surface, particularly to facilitate inspection.

No. 10, the solid-surface vertical trap, was constructed of wall

board, with the upper edge of the trap 9 feet above the surface of

the bog. Twelve 8-inch holes were cut through the wall board and

covered with |-inch mesh wire screen in order to reduce the force

of the wind, 'but more particularly to prevent a cushion of air from

forming in front of the trap. The whole surface, wall board and

wire, was given a coating of commercial sticky tree-banding material

as in the case of the horizontal traps. (PI. Ill, Fig. 1.) Trap No. 11

was constructed in the same manner as No. 10, with the exception that

three-fourths inch mesh wire netting was used for a surface. (PI.

Ill, Fig. 2.) All traps, with the exception of Nos. 10 and 11, were

erected with the longer dimensions running east and west. Nos. 10

and 11 were erected verticall}'^, facing east and west. In order to

obtain information regarding the number of caterpillars and how far

they were blown onto the bog, these traps were located at varying

distances from the bog border.

RECORD OF TRAP OBSERVATIONS.

Trap observ^ations have yielded information in regard to the num-

ber of caterpillars carried by the wind and as to the conditions under

which they are carried.

The time of hatching the gipsy moth caterpillars is governed

by the temperature. It is evident that in order to control infestations

on bogs careful attention must be given to this factor. (See Table 1.)

Table 1.

—

The rnriation of time in liatching and dispersion of gipsy moth
eaterpillars during the period covered by observations at Muddy Pond Bog,
Carver, Ma^s.

Year.
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As a result of these observations it will be seen that the time of

<rreatest dispersion follows from 13 to 14 days after liatchin*^. It

should be noted, however, that on uplands independent observations

have shown that this period is shorter.

With the exception of the 3^ear 1917, the woodland surrounding

Muddy Pond Bog was lightly infested with the gipsy moth. Dur-

ing that year there w^ere a few scattered pockets on the western edge

of the bog where a medium infestation existed. No heavy infesta-

tions were noted during the years that these experiments were con-

ducted. The results of the observations for 1917 may therefore be

taken as illustrating what might reasonably be expected in any sim-

ilar infestation, and are given in detail in Table 2.

Table 2.

—

Trap record for the season of 1917 giving the total number of'gipi^i/

moth larrce taken from each trap and total for each day of dispersion, Muddy
Pond Bog, Carver, Mass.

Trap No.
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carried b}^ the wind, should be determined by horizontal rather than

vertical traps.

A total of 1,288 first-stage larvse were taken on 385 square feet of

horizontal trap surface, or an averag^e of 3.3 larvae per square foot.

Table 3 summarizes the information secured on the horizontal

traps exposed on Muddy Pond Bog during the years 1916 to 1919.

It will be noted that the number of larvae caught in 1917 far exceeded

the total for any other year. This was largely due to a slightly

heavier infestation and more favorable weather for wind dispersion

when the larvae were in the first stage.

Table 3.

—

Wind dispersion data for gipsy moth larvw collated for the four-
year (1916-19) period.

Year.
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Tower Surrounding White Oak Tree, from Which the Feeding Habits
OF First-Stage Gipsy Moth Larv/e Were Studied.

THE GIPSY MOTH ON CRANBERRY BOGS.
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periods, viz, 9 a. m. to 12 m. and 2 to 5 p. m. ;- and, furthermore,

the observations of four consecutive years give substantially the same

results. The small number of larva> dispersed from 12 m. to 2 p. m.

is not due to lack of favorable conditions either of temperature or

wind velocity, for the mean temperature and wind velocity for that

period of the day have both been found very favoral)le for heavy

dispersion. The two periods of dispersion arc due to a movement in

search of food and are discussed more fully under the heading
" Feeding habits on white-oak foliage" (p. 10).

The data from the traps secured from 1916 to 1919 prove that in

order to have caterpillars dispersed in large numbers it is essential

to have, first, a " medium " to

" heavy " infestation ; second, a j^

miles per hour. It has been found ^^^^jj^^af^^

FEEDINGT HABITS ON CRAN- ^^^^^^^^H^Hf

cessfully carried through the sev- ,,, ., ™ . , , ^ , , , ,•^ to
_

! k;. S.—Terminal bud of cranberry plant

eral stages on cranberry foliage showing injmy caused hy first-stage gipsy

alone. This information was ob- """' '""'^"•

tained in 1914 by F. H. Moslier and recorded in Bulletin Xo. 250 of

the U. S. Department of Agriculture. In obtaining this information
Mr. Mosher used feeding trays devised by W. F. Fiske, formerly of

the Bureau of Entomology, with cranberry foliage inserted in crook-

necked vials, filled with water, in order to keep the food fresh.

Bog observations have shown that the young first-stage larva? begin
their feeding on cranberry by attacking the contents of the terminal
buds. The}^ first eat through or between the bud scales, and then
consume the tender undeveloped leaves within, leaving nothing but a

shell formed by the bud scales. (Fig. 3.) By the time the cater-

pillars have reached the second stage the terminal buds not already

-All ohservations recorded in this bulletin were made according to Eastern standard
time.

10848.".°—22 2
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destroyed will have expanded into new shoots, and feeding is then

confined almost entirely to the stems of these shoots, not to the leaves

and buds. (PI. I, Fig. 1.) In this way a large percentage of the new-

growth may be entirely destroyed, provided the infestation is suffi-

ciently heavy. The same habit of feeding is continued through the

later stages, until the supply of new growth is exhausted, then the

older leaves may be attacked, and the vines stripped, provided, again,

that the caterpillars are numerous enough to be forced to seek this

less attractive food.

It is obvious that a few caterpillars can do a great amount of dam-
age, first to the terminal bud from wdiich is produced the season's

fruit, and second by causing a branching growth of the plant. This

damage to the terminal bud may occur before the owner realizes that

his bog is infested.

FEEDING HABITS ON WHITE OAK FOLIAGE.

In the observations made in 1916-19 concerning the dispersion by

wind of first-stage gipsy moth larvae, it became evident, from the

count of larvse taken from the traps, that there are two periods of

the day during which maximum dispersion occurs. From this fact

it was inferred that there are, correspondingly, two daily periods

of activity, as the larvae would be more likely to be carried by the

wind when crawling over leaf surfaces, limbs, or trunks of trees

than when at rest. To verify this inference it was decided to make
a study of the habits of first -stage larvae as they are found in tree

tops, where the earliest feeding usually appears, and where also

the relation between the feeding habits and wind dispersion could

be more satisfactorily studied.

A white oak about 30 feet high was selected near the border of

Muddy Pond Bog. Around this tree was erected a tower 16 feet

square at the base, 8 feet square at the top, and 25 feet high. A
flooring was placed around the branches on top of this tower, thus

bringing the upper 5 feet of the terminal branches in position for

close examination and observation of the movements of young
larva?. (Pi. IV.)

,

On May 19, 1919, when observations were started, the leaves on

this tree had begun to unfold, some of w^hich would measure an inch

in length, giving considerable protection to the young larvae, as

well as supplying food. It was found that the first feeding by first-

stage gipsy moth larvae after reaching the foliage was confined to

the leaf hairs, principally on the underside of the leaves. After

feeding in this manner for a day or two they began to feed on the

tissue of the leaf, later eating through the tissue. The information

relating to the feeding periods of first-stage gipsy moth larvae, col-

lated for the whole period of observation, furnishes what can be
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considered as a continuous record from ?>A') a. m. until 7.30 p. m.

These observa:tions determined that feeding began soon after day-

light, gradually increasing as the temperature increased, until it

reached its maximum from 9 to 11 a. m. when it began to diminish,

reaching a minimum during the midday, then gradually increas-

ing again, reaching its maximum from 3 to 5 p. m., and gradually

decreasing after this hour, a majority of the larvae seeking shelter

on the underside of the leaves by 7 p. m. Wind dispersion records

cited show practically no movement of small caterpillars between

11 a. m. and 3 p. m., the period when there is practically no feeding

and very little activity.

INJURY BY A GIVEN NUMBER OF LARVAE.

When a new cranberry bog is i)lanted the vines are usually set in

rows 12 inches apart, and the same distance in the row. The in-

crease of the vine area is by runners radiating out from each plant,

in all directions, eventually forming a dense mass of vines over the

whole bog surface. From these runners upright shoots grow, and

under normal conditions increase in height by growth from a ter-

minal bud, and it is upon this new growth that the fruit is borne

each season. It is evident that any injury to the terminal buds re-

duces the amount of fruit in proportion to the number of buds de-

stroyed. With the object in view of obtaining some definite infor-

mation on this question an experiment was undertaken to determine

the amount of damage to cranberry vines that would result from a

heavy infestation of gipsy moths. Three pens were built 3 feet

square, inside measurement, with sides 2| feet high. On the out-

side of each pen, 6 inches from the top, four strips of board were

attached at an angle of 30 degrees. Each pen was then forced into

the bog about G inches and the sand firmly tamped both inside and

outside of pens to prevent escape of larvae. On the underside of this

overhang and 6 inches from the top on the inside of each pen bands

of commercial sticky tree-banding material were applied in order to

prevent the escape of larvae that were placed on the square yard of

vines inclosed and to [.revent other insects from gaining entrance to

the pen. (PI. V, Fig. 1.)

From 3'ear to year during the period covered by these studies

varying numbers of first-stage larvae have been placed in these pens

each season and the injury to the vines, as well as the feeding habits

of the larvae on cranberry foliage, has been carefuly noted.

The results of these experiments have shown that an infestation

of two larvae to the square foot has destroyed nearly all the new
growth of cranberrv foliaije. An infestation averairiuff one larva



12 BULLETIN 1093, U. S. DEPARTMENT OF AGPJCULTUEE.

to the square foot would materially reduce the crop and would
necessitate flooding or spraying in order to prevent damage

Plate VI, Figure 1, shows a section of the surface of the vines in the

above-mentioned pen and when compared with Plate VI. Figure 2,

showing a similar area just outside of the pen, on the bog proper,
with the vines in full bloom, the loss of the new growth is manifest.

MORTALITY OF FIRST-STAGE LARV^.

General observations on Muddy Pond Bog, particularly in connec-

tion with the pen experiments, have shown that there is a varying
percentage of mortality among the seA^eral larval stages of the gipsy

moth, after they reach the cranberry vines. This mortality is prob-

ably greatest in the first stage, owing to several factors. The princi-

pal factor is reduced vitalit}^, since larvae hatching from egg masses

that were deposited upon conifers or other nonfavored food species

had used up a considerable percentage of their vitality in searching

for food before they were blown from the tree onto the vine surface.

Their vitality was further reduced in craAvling over the vines before

approaching starvation finally forced them to feed upon the Ixids or

new stalks of the cranberry vines. While in this weakened condi-

tion the larvae are more susceptable to cold, particularly when ac-

companied by rain. That there is quite a difference between the

temperature at the tops of trees and that at the bog surface was
demonstrated by the use of recording thermometers. The platform

at the top of the tower constructed around the white oak tree on

which feeding observations were made was about 50 feet above the

bog level. A comparison of the thermometer records made at the

top of the tree and at the surface of the bog shows that the tempera-

ture averaged 5.2° F. cooler at the bog surface than at the top of

the tree for the night period during the 6 days of heaviest wind dis-

persion, viz. May 25 to 30, inclusive. From 6 p. m. May 29 to 5 a. m.

May 30 the average temperature was 11.3° F. lower at the bog sur-

face than at the top of the tower. At 1 a. m. May 30 it was 15° F.

lower at the surface of the bog than in the tree top, the maximum
difference in the locations during the period. This was the coldest

night of the period, and gave the greatest range of temperature.

The above temperatures were obtained from the thermometers in

latticed shelters.

There is also a high mortality among first-stage gipsy moth larvae

on cranberry bogs due to disease, predacious enemies, and other

causes that are not Avell understood. All of these agencies, together

Avith the rather unfavorable nature of the cranberry foliage as a food,

combine to bring about an enormous reduction of the wind-blown

larvae.
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Fig. I.

—

Pen Used to Confine Gipsy Moth Larv/e While Studying
THE Injury Caused by Their Feeding on Cranberry Plants.

Fig. 2.

—

Showing an Unevenly Graded Cranberry Bog Flowed to
Destroy Wind-Borne Gipsy Moth Larv/e. Exposed Portions Should
Be Sprayed to Insure Complete Protection.

THE GIPSY MOTH ON CRANBERRY BOGS.
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RECOVERY OF CRANBERRY VINES FROM GIPSY MOTH FEEDING.

The soils of cranberry bogs are bound to vary in different bogs,

oAving to location, character of the peat constituents, and variation

in grading. Often it is necessary to remove nearly all the peat in

some sections of a bog in order to get the proper grade. "When

such conditions occur there is an uneven distribution of water ; con-

sequently the resulting crop will vary and the recovery of vines after

injury will vary.

]\ruddy Pond Bog would be rated as a dry bog during the whole

period that observations have been carried on. AVhenever defoli-

ation has occurred it has meant the loss of a crop for two years.

After the buds or new groAvth were destroyed the vines would make

a second growth from dormant buds, but would not form fruit l)uds.

The second year, if no feeding occurred, the vines would make a

normal growth and develop ^rong fruit buds, which would produce

a heavy crop of berries the second year from defoliation, provided no

climatic or insect injury prevented. Observations on wet bogs with

a controllable water supply have shown that when the vines suffer

the loss of the terminal fruit bud or of the later new growth, they

usually make quick recovery, putting forth a strong second growth,

and develop vigorous fruit buds. In a number of such instances a

heavy crop of fruit has been produced the year following.

METHODS OF CONTROL.

The first requisite in the fight against a noxious insect is an accu-

rate knowledge of its life history and all that pertains to its increase

or decrease in the field. It is usually found that at some particular

stage of its life it is more vulnerable than at any other. After this

stage has been determined, the most effectual measure for control or

extermination can be employed

Observations on the mortality of first-stage gipsy moth caterpillars

have demonstrated the fact that soon after hatching from the pro-

tective eg:g mass they are very susceptible to injury by cold, and

large numbers are destroyed at this time; particularly is this true

should beating rains occur accompanied by low temperatures. .4/

fhJs stage of their developTu^nt they are most readUy killed hy a

thorough appJkation of an arsenical poison, and a comprehensive

grasp of this fact is of vital importance to cranberrj/ growers for

i^fjicient and economical control of this pest on cranherry hogs.

HOW TO DETECT AN INFESTATION.

It is very difficult to detect first-stage gipsy-moth larvse on cran-

l)erry foliage owing to their habit of dropping to the surface of the
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bog wheil the vines are disturbed. One may obtain an approximate

idea of the degree of infestation on his bog by either of the follow-

ing methods, the accuracy of the estimate depending upon the care

taken in performing the operation.

Pan Method.

Place a bright tin pan carefully among the vines, holding it with

the right hand, inclined to the right at an angle of 45 degrees. With
the left hand give the vines directly in front of the pan two or three

quick slaps ; then remove the pan and note the number of gipsy moth
larvse taken. Repeat this operation every 10 or 20 feet, until the

whole bog is covered. By keeping a record of the number of larvae

taken and the number of times the pan was used, one may estimate the

degree of infestation quite accurately.

Insect Net Method.

The degree of infestation on bogs may be determined also by the

use of an insect net. Care should be taken to make even sweeps with

the net, covering the same amount of vine surface with each sweep.

By counting the number of larvae taken after making a number of

sweeps and estimating the area of vine surface covered by each sweep,

one may estimate the infestation on the bog as a whole. The accu-

racy of this estimate will depend on the care taken in making the

sweeps and the percentage of bog area covered. Whichever method

is used, the line of collection should be from the shore line of the bog

toward the center, as the infestation is usually heaviest nearer the

shore.

CONTROL ON WET BOGS.

It has been demonstrated that no hatching occurs from gipsy moth

Qgg masses placed among cranberry vines on bogs that are flowed from

December 1 to May 1, while check experiments have shown normal

hatching. It has also been found that egg masses placed under sand

on dry bogs fall only 6 per cent below normal hatch.

These determinations were made during the winter of 1915 to

1916 and in 1917 by F. H. Mosher, who carried on experiments at

North Saugus, Mass., and East Carver, Mass., to obtain information

on this phase of gipsy moth investigations.

It is, therefore, evident that the methods of control adopted by the

cranberry grower must be governed by the kind of bog infested,

whether wet or dry. Owners of cranberry bogs located near an

abundant supply of water, where flooding either by gravity or pumps
can be quickly accomplished, have at hand the cheapest and most

effective method for the control of this pest : First, by winter flowing,

by means of which the partially developed larvae in all eggs depos-
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iter! on the bogs (liirin<2; the previous season are destroyed ; and, second,

by holding the flowage until after the maximum time of wind dis-

persion has passed, which will result in drowning the young cater-

pillars that fall in the water. It is probable that the low temperature

of the water is an important factor in the death of the caterpillars.

It may be desirable to hold the winter flowage late, say from the 1st

to the 15th of June, in order to control the blackhead cranberry

worm {Rliopohota tuierana Ilbn.). ^Mien this is found desirable, it

is evident that the gipsy moth infestation may be controlled at the

same time. It is also probable that some of the other cranberry in-

sects may be controlled in combination with efforts against the gipsy

moth.

Observations have demonstrated that the maximum dispersion of

first-stage larvtB of the gipsy moth occurs about V^ or 14 days after

the first hatching is noted, but this period varies with the season ; if

there are 5 or 6 days when the temperature ranges from 75 to 85° F,^

or higher, rapid hatching will occur, and if it continues quite warm,

the larvae will reach the tops of trees sooner, resulting in an earlier

dispersion. The best guide to determine when this may occur is the

development of white oak leaves. "^AHien the leaf buds begin to un-

fold it is safe to assume that the temperature has been high enough

to cause hatching of gipsy moth eggs.

Should the spring be late and the average temperature be low be-

fore hatching, and continue so after hatching, then the dispersion

period will be correspondingly delayed, and extended over a longer

period ; in any case, however, there is a time of maximum dispersion,

and this will occur, as stated, about 13 or 14 days after the first hatch.

The closer the bog owner watches the upland conditions the better

able he will be to control effectually an infestation on his bog.

In control by flooding, only complete submergence is effectual. If

through lack of sufficient water, or irregularities in the surface of

the bog, there are sections where a considerable number of vine termi-

nals are olit of water (as shown in the right center of Plate V, Figure

2, and to a less degree through the central section) , even with a light

to medium infestation on a bog these terminal shoots become actual

life rafts for hundreds of larvae that have crawled up the vines as the

flooding gradually progressed, or reached them as the larvae were

blown over the surface of the water by the wind. When any con-

siderable number of these terminal shoots project above the water

it is imperative that the larvae be brushed from the vines by using

a common hand hayrake, drawing and pushing the vines under

water several times with the back of the rake head. Unless this is

done, there is likely to be considerable damage on these partially

submerged sections of the bog. In the immediate foreground and
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on the right of Plate V, Figure 2, there Avill be noted sections of the

bog entirely out of the water. Flooding will not control an infesta-

tion in such cases. These must be controlled by spraying.

CONTROL ON DRY BOGS.

Gipsy moth infestations on dry bogs can be controlled only by
intelligent application of some arsenical poison, either in the wet or

di-y form. It is probable that with more efficient apparatus for the

application of dry poison, it will be the most economical and satis-

factory way of applying poison to cranberi-y foliage. The leaf of

the cranberry vine being glabrous, it is very difficult to get poison

spray to adhere in sufficient quantities for satisfactory results un-

less the poison is applied in mist form. Great care should he

taken not to allow the mist to continue long enough in one section

to reach heyond the dew point. If this should occur^ the liquid will

run off^ leaving only a very thin deposit of the poison on the leaves.,

not enough to destroy the larvae, present.

Observations have shown that in case of an infestation on a dry

bog, resulting from egg masses deposited the previous season, it is

imperative that the application of poison should be made soon

after hatching is noted on the uplands, and also that it should be

applied in a mist form in order that the largest amount of poison

possible may settle on the terminal bud. It is important that the

bud be covered thoroughly in order that the larvae may get enough
poison to cause death before they can eat so far into the buds as to

cause injury. Six to eight pounds of arsenate of lead paste (or

one-half of this amount of dry lead) to 100 gallons of water should

effectually control gipsy moths in the first two larval stages if

properly applied.

If during the first stage only light winds prevail, dispersion will

be minimized, and the central areas of medium or large sized bogs

may not become infested to such a degree that spraying will be

necessary over the whole area. Careful tests should be made by

the pan or net method to determine the degree of infestation along

the bog border nearest the infestation on the upland, should there

be any, and spraying operations governed accordingly. This applies

to wet bogs in case it is not desirable to control an infestation by
flooding.

Should a bog be infested with the later larval stages of the gipsy

moth, from whatever cause, the only recourse is to spray with a

strong solution of arsenate of lead—using from 12 to 15 pounds
of lead paste to 100 gallons of water, and using the same care in

application as advised for the first larval stage.
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CONTROL ON UPLANDS.

After the gipsy moths have reached the second stage, and

all danger of wind dispersion is reduced to a minimum, heavy in-

festations may occur on the upLmds in the vicinity of cranberry

hogs, and if heavy enough to cause defoliation the caterpillars, in

their march for a supply of food, may move in the direction of a

bog, and owing to the large amount of food necessary to maintain

the hordes of larvae, may become a serious menace to the bog itself.

There are several methods of control that may be used to advan-

tage in such an emergency, and one or more of those mentioned below

should be adopted in order to protect the bog.

The woodland border of the bog may be cut back for the space

of 100 feet or more, and possibly the section of woodland from

the edge of this cutting to the infested area may be sprayed. If,

however, this distance should happen to be only a few hundred feet,

tiie spraying would not accomplish the desired result, because only r,.

few of the thousands of larvse present would consume enough

of the poisoned foliage to cause death. The others would march on

in search of more food.

When such conditions occur, an open ditch on the upland, back

from the bog border, may be dug, 12 to 15 inches deep and 18 inches

wide, the earth being thrown toward the oncoming horde of larvae,

and the side of the ditch nearer the bog being made perpendicular.

At the top of this perpendicular side a board about 1 foot wide

should be placed at an angle of 45 degrees, overhanging the ditch,

supported by stakes driven into the soil; earth should be banked

on the outside of this board in such a way as to close up all spaces

at the base of the board caused by the irregidarities of the surface

of the ground. The unclersu'rface of the board and supports should

be well smeared with a commercial sticky tree-banding material

before being placed in position. The larvae upon reaching this band
will fall into the ditch, and should be sprinkled wath crude oil from
an ordinary watering pot. In case of extremely heavy infestations

it may be necessary to clean out the mass of dead larvae before the

last hordes reach the ditch. (Fig. 4.)

If a protective belt is already cut around the bog it is highly

desirable that all sprout growth be kept down by bruising the sprouts

from the stumps for two or three years, using a dull ax with which

to perform this operation, mowing all other small growth close to

the ground, and burning all the debris. This well-cleaned border

may help greatly in controlling some of the other insects that breed

on the upland border, thereby reducing their ravages on the bog
itself.
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WTien light infestations are present and the immediate upland

border is clear of overhanging brush, border ditches may offer all

necessary protection, provided they are in proper condition. To be

effectual they should not be less than 15 inches wide and from 15

to 20 inches deep with the bog side of the ditch perpendicular and as

smooth as possible, in order to give little foothold to the crawling

larvae. If not detrimental to the vines or crop, a few inches of

water should be maintained in the ditch with a little crude oil on

the surface. The larvae dropping from the land side into the ditch

will become smeared with oil and suffocate. Should some larvae

reach the bog side and attempt to crawl up the smooth surface, being

weakened by partial suffocation they will drop back into the oil bath.

Fig. 4.—Cross section of an upland trench, with board in position.

Should the infestation prove too heavy to be controlled by the oil

and water a board about 1 foot wide may be set against the smooth

surface of the bog side of the ditch, resting on stakes driven in the

bog at an angle of 45 degrees, care being taken to make tight joints.

The underside of the board and stakes should be smeared with a good

coat of commercial sticky tree-banding material. It is obvious that

with an infestation heavy enough to require the use of the board, the

ditch might have to be frequently cleared of the dead bodies of the

larvae in order to remain effective.
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The method to be used for the control of an upland infestation

must be decided by the owner of each bog. He must be goA'erned by

the condition and particular suiToundings of the l)o<r iu question.

Any of the foregoing methods should give satisfactory results if at-

tended to properly.

SUMMARY.

Infestations of gipsy moths upon cranberry bogs are due princi-

pally to wind dispersion of first-stage larvse, which occurs only when

conditions of wind velocity and temperature are favorable. The

time when maximum dispersion prevails is usually not longer than

from two to five days. Because of the activity of the young cater-

pillars in seeking food there are two daily periods of maximum dis-

persion, between 9 a, m. and 12 m. and betw^een 2 and 5 p. m.

INIortality of first-stage larvae is very great, large numbers perish-

ing from low temperatures, unfavorable food, predacious insects,

and disease. The embryos in all gipsy moth eggs deposited on cran-

berry bogs are killed by winter flowage, Avhen the bogs are flowed

from December 1 to May 1.

Upon deciduous foliage in general the feeding of the first-stage

larvae is upon the leaf hairs, but the injury to cranberry plants is

caused by feeding upon the terminal buds, and later upon the new

growth. As a rule vines recover more quickly from injury upon wet

bogs than upon dry ones.

Flooding is the most effective method of control upon wet bogs;

but spraying is the only method which can be employed on dry bogs.

In order to obtain the most satisfactory results^ sjjraijing should he

done hefore wind disjfersion hegins.

ADDITIONAL COPIES
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INTRODUCTION.

Malaria is responsible for important losses in returns from agri-

cultural crops in the Delta region of the lower Mississippi Valley.

The disease is, as well, a great handicap to the further development
and extension of agriculture in that region. The prevailing system
of labor in the Delta is that of the negro tenant farmer, and it is

among this class that the disease is highly prevalent, causing losses

1 Resigned May 15,. 1922. The writer wishes to acknowledge his indebtedness to George
S. Yerger, owner of Hecla plantation, for his interest and cooperation in the work ; to
Alexander Clark, manager of Hecla plantation, for the supervision of the work of clearing
the bayou and the construction of the cross levee and spillway of tlie dam ; to Haw Kirk-
patrick for the photographic work in connection with the project ; to Dr. B. E. Coker,
Dr. A. F. Shira, and F. M. Barnes of the U. S. Bureau of Fisheries for the cooperative
work on fishes ; to the U. S. Bureau of Plant Industry for the plant determinations ; to
the IT. S. Geological Survey for the topographical maps of the region ; and to H. H.
Kimball, A. H. Jennings, E. Foster, and F. H. O'Neill, formerly of this bureau, for
assistance in the survey work.
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in time and in reduced efficiency of the plantation liands during the

season of the year when the crops are most in need of attention.

The bayous or streams of the region are an important source of

the Anopheles mosquitoes which convey malaria, and since the higher

ridges offered by the bayou banks are the logical locations for the

plantation roadways, the homes of the tenants are located along these

banks. While control of the breeding of Anopheles in a bayou is but

one factor in the ultimate control of the malaria mosquitoes in the

Delta, it is an important factor, for these bayous offer a near-by

source of Anopheles in locations on the plantations which are other-

wise favorable in respect to distance from breeding areas of these

mosquitoes.

Since the general topography of the Delta and the slight fall in

the bed of the bayous do not permit drainage, the common practice

in disposal of surplus surface water, it became necessary to devise

some method of control, practical from the standpoint of plantation

management, to prevent breeding of Anopheles in bayous. The
Bureau of Entomology has demonstrated that the breeding of Ano-
pheles mosquitoes can be controlled in a bayou by clearing the vege-

tation and impounding the water. The work was located on Hecla

plantation at Mound, Madison Parish, northeastern Louisiana. This

bulletin deals with the natural conditions of the bayou before the

work was done and with the changed conditions brought about by
the work, especially with reference to the breeding of mosquitoes.

It also discusses the impounding of water in a bayou from the stand-

point of plantation economy,

TOPOGRAPHY AND FORMATION OF THE REGION.

To gain an idea of the relation of the streams of this region to

the surrounding topography, it is necessary to discuss in a very gen-

eral manner the formation of the region. The soil is an alluvial

deposit of considerable depth and the formation is characteristic of

delta accumulations. There is a slight fall in the general direction

of the main stream, the Mississippi Eiver. This river in times past

has followed an irregular, winding course through the Delta of its

lower valley, often forming new channels. The old channels are

marked by the ridges which are peculiar to the region. The bayous,

or streams, of the region are in reality old spillways of the river

when at flood, formed before the days of the protective levee system by
the tendency of the river at stages of high water to break through its

built-up banks and form new channels for the surplus water. Before

the levees were built, the river and these bayous overflowed their

banks at regular seasonal intervals. The heavier particles carried

by the water in suspension were deposited first and in larger quan-

tity. The finer particles were deposited in smaller amounts as one
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proceeds from the banks of these streams to either side. The

deposits from these overflows account for the ridges along the bayous

and the ancient channels of the river. There is, therefore, a gradual

fall from these ridges to the lands that lie on either side. These

lower lands are extensive swamp areas in the basins of which are

found permanent swamp " lakes " which are extremely shallow. The

banks of the bayous are formed with a steep declivity toward their

channels in contrast to the gi'adual slope toward the swamp areas

that lie parallel to them. The region is further characterized by

narrow, crescent-shaped lakes within well-defined banks of the old

beds of the river, known as " ox-bows " or " cut-offs, " formed where

the action of the river has cut a new channel through the neck of

one of its many horseshoe bends. The ends of these " cut-off " lakes

are usually shallow, showing marshlike conditions, but the main

body of water is open and comparatively deep. The bayous are

not connected wuth these lakes except during periods of high water.

The swamp lakes tend to drain into the bayous at points lower down

in the courses of these streams.

FAVORABLE CONDITIONS FOR MOSQUITO DEVELOPMENT.

The swamp areas and the channels of the bayous are attended by

a rank growth of vegetation consequent upon the fertile nature of

the alluvial deposit and the prevalent moisture which, with the re-

sulting sediment and vegetable debris, promotes an ideal environ-

ment for the development of certain species of mosquitoes under

favorable climatic conditions. The situation becomes increasingly

emphasized by reason of the imperfect drainage due to the slight

fall of the land. Among the mosquitoes, Anopheles are found to

thrive, and the disease which they convey is prevalent among the

inhabitants of the region.

LOCATION OF CULTIVATED LANDS, ROADWAYS, AND DWELLINGS.

In the Delta the timbered lands are practically synonymous with

the swamp areas. The open lands, or lands under cultivation, are

confined to comparatively narrow strips along the ridges that form

the banks of the river, the bayous, and the old courses of these

streams. These lands are known as the " front " lands and from

the nature of their deposits are sandy in character. The lands lying

toward the swamp areas are known as the " back " lands and are a

heavy clay, impervious to water, called " buckshot."

The roadways of the region follow the higher lands and, wher-

ever practical, are carried along the bayou banks. The open land

is cultivated under the negro tenant system, each tenant living upon

the land assigned to him for cultivation. It is therefore logical to

find the homes of the tenants on a roadway along the bayou where
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one of these streams bounds or sections a property. The houses

thus located are in the higher and more open' portions of the plan-

tation and usually at maximum distance from the timbered and
swamp areas on either side. It is evident that such location of the

habitations is favorable in respect to distance from the breeding

areas of Anopheles mosquitoes, with the exception of those mosqui-

toes that originate in the bayou itself.

PROBLEM OF ANOPHELES CONTROL IN THE REGION.

Of course complete drainage of surface water is the logical method

of Anopheles control where that method applies, but in the absence

of a drainage outlet, and in the presence of surface water favor-

able for Anopheles breeding throughout the season, other means

must be given local consideration. In any consideration of drain-

age in the Delta it is necessary to note that the streams of this

region flow away from the river, that the slope of the land is

from the bayou bank toward the swamp areas on either side, and

that the fall in the bed of the bayou averages less than a foot to the

mile. Under these conditions the question of drainage involves an

extensive area ; it is not a matter which the plantation owners can

consider individually.

The idea of impounding water to suppress mosquito breeding is

rather foreign to the general conception of the effect of impounded

water upon mosquito production. The relation which impounded

water will bear to mosquito production depends altogether upon the

conditions under which the work is done and the changes brought

about in com.parison to the natural conditions. In the question of

impounding water in a bayou we must consider the natural character

of such a stream and the relation of the stream to the roadways of the

plantation and the habitations of the people who cultivate the land.

The bayou bank is the logical location for the houses of the tenants

and it is important to control the breeding of Anopheles in this near-

by source. The bayou under natural conditions favors mosquito pro-

duction but under impounded conditions does not. The change in

conditions is brought about by the preliminary clearing and by the

provision for a permanent water level sufficiently high to suppress

the growth of aquatic vegetation. Following these operations, the

maintenance of a clean margin is all important.

BAYOU WALNUT AND THE ANOPHELES SURVEY.

The work of the Bureau of Entomology was done in a section of

Bayou Walnut which quarters the southwest portion of Hecla plan-

tation. This bayou runs a very irregular course from a point slightly

north of Milikens Bend on the Mississippi River to Bayou Round-

away, joining the latter stream southwest of Tallulah. From the



Jul. 1098, U. S. Dept. of Agriculture. Plate I.

View along channel, Bayou Walnut, natural conditions, showing overhanging vegetation. Note
log and "floatage" on surface of water.

IMPOUNDING WATER TO CONTROL MALARIA MOSQUITOES.



Bui. 1098, U. S. Dept. of Agriculture. PLATE II.

Fig. 1.—View alon? channel, Bayou Walmif:, luitiinU cnii.iiiionN, ^llo\ving overhanging vege-
tation and aquatic vegetation in bed. Surface of water in foreground covered with duclsweed
{Lemna spp.) and with aquatic plant, Jussiaea diffusa, in background.

Fig. 2.—View across Bayou Wahuit, natural ronditions, sliowin
vegetatiuii, with aquatic grass, Zizdniupsix uii/iac

IMPOUNDING WATER TO CONTROL MALARIA MOSQUITOES.
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point of origin of the bayou to its junction with Roundaway, the dis-

tance in an air line is only 7| miles. The bayou, however, travels a

distance of over 31 miles. The section of Bayou Walnut in its course

through llecla plantation is shown in Figure 1. The average fall of

the bayou in this section is 0.6 foot to the mile.
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Fig. 1.—Map of section of Bayou Walnut near Mound,
and surroundings.

La., sliowing impounded area

During 1914 it was observed that under natural conditions there

was practically no breeding of Anopheles in certain restricted sec-

tions of the bayou where open water occurred, where the bed was

free of vegetation, and where the margins were clean. On the other



6 BULLETIN 1008, U. S. DEPARTMENT OF AGRKUTLTTTRE.

hand, breeding was found in those portions of tlie bayou where the

margins were grass-grown or supported a growth of overhanging

trees and vines ; where the water surface was covered with the result-

ing vegetable debris or floatage ; where the water was shallow enough

to support the growth of aquatic vegetation in the bed of the stream

;

where the channel was blocked by trees, logs, stumps, and brush ; or

where the bed was partially dry, permitting the summer rains to

maintain isolated pools in natural depressions, in hoofprints of ani-

mals, and in mud cracks. A comparison of these conditions in the

natural bayou is shown in Plates I and II and Plate III, Figures 1

and 2.

The collections of Anopheles larvae in the general survey work
during the years 1914 and 1915 gave, for Bayou Walnut within the

limits of Hecla plantation, the records which are shown in Table 1.
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These records indicate general breeding of Anopheles through-

out the course of the stream under natural conditions. Anopheles

quadrimacvZatus Say is the common species taken, and Anopheles

punctipennis Say is second in numbers. It is noted that one collec-

tion of Anopheles crucians Wied. was made. The undetermined col-

lections represent the Anopheles larvse which were collected but

which were not reared to the adult stage.

For convenience of the survey, the section of the bayou to be

cleared of all vegetation was divided into stations 100 yards in

length. The distance covered in the experiment was 1,600 yards,

nearly a mile. The plants collected from this section, before clear-

ing, during July and August, 1915, are shown in Table 2. The plants

listed in Table 2 are distributed according to their location and the

depth of water in the bayou in Table 3. The plant determinations

were made by the Bureau of Plant Industry of this department.

The natural conditions in the bayou, including the vegetation, water

levels, and other features, are shown in Plate III, Figure 3; Plate

IV ; and Plate V, Figure 1.

Table 2.

—

I'larUs frotn Bayou Walnut, Mound, La., 1915.

species. Common name.

Spirogyra sp
Lemiia valdiviana, Lemna gibba, Spirodela
polyrhiza, and Wolffia Columbiana

Jussiaea diffusa
Zizaniopsis miliacea
Cephalanthus occidentalis
SaUx nigra
Bignonia radicans
Brunnichia cirriiosa

Persicaria opelousana
Pliytolacca americana
Panicum colonum
Asclepias perennis
Ampelopsis aiborea
Belonging to family Euphorbiaceae

Algse

Duckweed
Primrose-willow

.

Aquatic grass. .

.

Buttonbush
Swamp willow..
Trumpet creeper
Buckwheat vine.
Smartweed
Pokeberry
Ditch grass
Milkweed
Peppervine
Spurge

Submerged.

Floating on water.
In water, roots in bed.

Do.
In channel and along margin.
Along margin, overhanging.

Do.
Do.

Along margin.
Do.
Do.
Do.
Do.
Do.

Table 3.

—

Vegetation and depth of water in Bayou Walnut, Mound, La., before

impounding, July-August, 1915.

sta-
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Fig. 1.—View aloiiK edge of Bayou Walnut, natural conditions, showing open water in channel
witli grass-grown margin.

Fig. 2.—View along channel of Bayou Walnut, natural conditions, showing clean margin on
opposite bank and vegetation along margin in immediate foreground.

Fig. 3.—Looking across Bayou Walnut, liuo y;irds aljo\u site of dam, before clearing.

IMPOUNDING WATER TO CONTROL MALARIA MOSQUITOES.
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Fig. 1.— Lo.tJaii- cLavu cluuiiiel <>i IJayoa Walnut, :jOi) yanis al>o\,. mIo of dam, liclore clearing.

Fig. 2.—Looking across Bayou 'Walnut, .000 yards above site of dam, beff)re clearing.

Fig. 3.—Looking across Ba\ou ^\alnut, '(00 \aids abo\e site of dam, before clearing.

IMPOUNDING WATER TO CONTROL MALARIA MOSQUITOES.
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Table 3.^

—

Vegetation (ind depth of icater in Bayou Walnut, Mound, La., before
impounding, July-August, 1915—Continued.

sta-
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FISHES OF THE REGION.

A survey of the fishes of this region was made by the United States

Bureau of Fisheries in cooperation with this work. This survey was

intended to cover the distribution of the top minnow {Gaonhusia

affmis) in this region ; the possible presence of fishes other than this

minnow that would be useful in mosquito destruction ; the fishes valu-

able as food in the deeper and permanent areas of water ; the survival

of Gambusia in the impounded area in Bayou Walnut ; and the possi-

bility of establishing in the impounded area fishes that would be of

value for food to the tenants on the plantation. This work was ac-

complished during 1916 and the early part of 1917. The fishes col-

lected in Bayou Walnut under natural conditions are listed in Table

4. It is seen that Ganibusia afjims is the prevalent species.

Table 4.

—

lAst of fishes taken in fi,ve collections in the natural area, Bayoit
Walnut, Mound, La., 1916-17.

Species. Common name.
Number
of eoUec-

Number
of speci-
mens.

Gambusia affinis

Dorosoma cepedianum.
Lepomis cyanellus ,

Lepomis humilis
Lepomis pallidus ,

Lepomis symmetricus.

,

Pomoxissp ,

Carpiodessp

Top minnow
Hickory sliad

Green sunfisli

Siinfish
Blue-gill sunfisri.

Sunflsh

A point of special interest in connection with the natural condi-

tions of the bayou is the fact that Gambusia is found in connection

with general breeding of Anopheles. The breeding of these mosqui-

toes in the presence of comparatively large numbers of this minnow

is accounted for by the protection afforded the mosquito larvsB by the

aquatic and marginal vegetation and the vegetable debris upon the

surface of the water. Further, the partially dry condition of the

bayou at certain seasons provides isolated pools and water in hoof-

prints of animals and in mud cracks from rains, to which the fish

do not have access.

A complete list of the fishes collected in this region, not including

the impounded area in Bayou Walnut and the Mississippi River, is

shown in Table 5.
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Tahle 5.

—

List of fishes inlcen in 38 collections from seasonal and permanent
waters {exclusive of Mississiijpi River) in the vicmity of Mound, La., 1916-

1917, by F. M. Barnes, I'nitcd States Bureau of Fisheries.

Species. Common name.
Number
of collec-

tions.

Number
of speci-
mens.

Gambusia afRnis
Lepomis cyanellus
Lepomis humilis
Lepomis mcKalotis
Lepomis pallidus
Lepomis symmetricus
Lepomis ischyrus
Lepomis euryorus
Dorosoma cepedianum
Notemigonus crysoleucas
Ameiurus nebulosus
Ameiurus melas
Pomoxis annularis
Pomoxis sparoides
Chaenobryttus gulosus
Signalosa atchafalayae
Aphredoderus sayaiius
Roccus chrysops
Hjrbopsis Hyostomus (sp. ?)

.

Micropterus salmoides
Micropterus dolomieu
Hiodon alosoides
Hiodon tergisus
Aplodinotus gruumens
Centrarchus macropterus
Ictiobus cyprinella
Ictiobus bubalus
Percina caprodes
Amia calva
Lepisosteus tristoechus
Labidesthes sicculus
Stizostedion vitreiun
Elassoma zonatiun
Fundulus chrysotus
Ictalurus furcatus
Carpiodes thompsoni
Carpiodes velifer

Eupomotis (sp. ?)
Serranidae(gen.?, sp. ?)

Top minnow
Green sunfish
Sun fish

Sunfish
Blue-gill sun fish

Sunfish
Sunfish
Sunfl.sh
Hickory shad
Roach, shiner
Common bullliead
Black bullhead
Crappie
Cahco bass
Warmouth bass, "goggle-eye"
Shad
Pirate perck
White bass

Large-mouth black bass, "trout'

Shad!!!!!!!!!!;!!!!!!!!!!!!!;;!!

Fresh water drum, "gaspergou'
Round sunfish
Common buffalo
Small-mouth buffalo
Log perch
Bowfin, "grinnel "
Alligator-gar
Skipjack

Pigmy sunfish.
Killifish

Blue cat

2,410
151
126
6
9

4

1

13

483

104
35

313
20
4
20
5

4
21
22
6
60
14

1

. 2

A comparison between the numbers of Gambusia in the natural

bayou and in all other classes of'water shows an average of 25 speci-

mens for each collection in the bayou and an average of 63 per

collection for all other places. These figures indicate that these little

fish are very abundant and very generally distributed in the region.

The larger average per collection for all classes of wat^r, as compared

with the natural bayou, is explained by the fact that certain collec-

tions were made at the season of Ioav stages of water which found

these fish highly concentrated in some locations.

CLEARING THE BAYOU.

The clearing of the bayou Avas done during August, 1915. It was
accomplished then for the reasons that the water in the stream was
at its lowest level and that the plantation had finished its cultivation

of the crops but had not as yet begun to harvest. This plan gave

minimum water conditions and a supply of labor for the work with-

out interference with the plantation operations. The smaller under-
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growth was removed first, piled along the banks, and burned when
sufficiently dry. The trees, logs, and stumps were then removed and
placed upon the banks in suitable lengths for hauling away for use

as firewood. In many instances the roots of the larger trees and old

snags could not be removed without an amount of effort which would
have added greatly to the cost of the work. These were sawed off

even with the bed of the bayou and allowed to remain. They might
have been removed rather cheaply by the use of dynamite, had the

facilities for that work been available. The photographs repre-

sented by Plate III, Figure 3 ; Plate IV ; and Plate V, Figure 1, give

a very good idea of the extent and nature of the work that was done.

The appearance of the stream during the operation of clearing is

shown in Plate V, Figures 2 and 3.

CONSTRUCTION OF THE DAM.

In making the fill, or cross levee, for the dam, advantage was
taken of a shallow point in the bed of the bayou used as a low-

water crossing by the tenants. The banks at this point were favor-

able—that is, high enough on either side to allow the water to

he raised to the required level. The required height of water was
gained by running levels along the banks above the site of the dam.

The dam was constructed to give a depth of 4 feet 10 inches at the

floor of the spillway. When one recalls that the fall in the bed of

the bayou in this section averages only 0.6 foot to the mile, it is

seen that the level at the dam was carried back over the course of

the stream for a considerable distance with only a slight variation

in depth. The impounding was effective for depth about ^ mile

above the zone included in the survey, with the exception of a ridge

which crosses the bed of the bayou just above the last station.

The details of the fill and spillway for the dam are shown in

Figure 2 and in Plate VI, Figures 1 and 2. The completed dam,

with bridge over the spillway, providing a roadway to the section

of the plantation lying on the opposite side of the bayou, is shown
in Plate VI, Figure 3. The labor and material involved in clearing

the bayou and in the construction of the fill and spillway for the

dam, are shown in Table 6. The bill of lumber for the spillway is

shown in Figure 2.

Table 6.

—

Cost of clearing a section of Bayou Walnut and impounding water

in same, 1915.

Preliminary survey, running levels, plan and specifications of spillway $45. 00
Clearing undergrowth and grass from bed and edges of bayou, includ-

ing piling and burning:

15 men, 6 days, at $1.25 $112.50

3 men, 5 days, at $1 1.5.00

127.50
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Fig. 1.—Looking up channel of Bayou AValnut, 1,.500 yards above site of dam, before clearing.
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Fig. 2.—Looking up cliaunel of Bayou Walnut during tlie work of clearing, from point 300 yards
above site of dam.

Fig. 3.—Looking up cliannel of Bayou Walnut from site of dam. after channel has been cleared
and undergrowth piled along banks.

IMPOUNDING WATER TO CONTROL MALARIA MOSQUITOES.
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Fig. 1.—View showing construction of spillway-box and downstream apron in dam.

Fig. 2.—View across Bayou Walnut showing wing walls of spillway and bridge over spillway
box.
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Removal of trees and stumps and cutting into suitable lengths for

hauling away:
16 men, 8 days, at $1.25 $160. 00

1 team and driver, 4 days, at $3 12. 00
$172.00

Raking edges and burning trash, 4 men, 6 days, at $1 24. 00

Fill or cross levee at dam, 6 teams and drivers, 5 days, at $3 90. 00

Lumber for spillway, 7,000 square feet cypress, at $18 per M 126. 00

Carpenter work on spillway:

1 carpenter, 6 days, at $2.25 13.50

1 helper, 6 days, at $1.50 9. 00

2 helpers, 2 days, at $1 4.00
26. 50

Total $611.00

MAINTENANCE WORK FOLLOWING CLEARING AND CONSTRUCTION.

A comparison of the cleared bayou, before the water backed up
over the bed, with the natural conditions that have already been

shown, may be made from the illustrations in Plate VII and Plate

VIII, Figure 1. These views were taken after the undergrowth had

been burned and the wood from the trees and logs had been hauled

away. Later in the year, at the onset of the winter rains, the water

began backing over the bed above the dam. This condition is shown

in Plate VIII, Figure 2. It is noted that quite an amount of debris

was floated to the surface. As the water level was raised, this float-

ing material collected along the margins, and this was cleaned out

with rakes and burned. The appearance of the bayou later in the

season, when filled with water, is shown in Plate VIII, Figure 3,

and Plate IX, Figure 1.

The only maintenance work, in so far as vegetation is concerned,

was the clearing of the " floatage " along the banks following the

first rise of water and cutting back a comparatively small amount
of second growth, mostly grass (Zisaniopsis 7mliacea) and willow

shoots that found their way to the surface of the water the follow-

ing spring. These shoots were removed by the use of a boat and a

curved knife on a long handle. Maintenance work has been re-

quired on the dam by reason of the work of crawfish, Ganibarus sp.,

about the spillway, and this difficulty, as well as the effect of the

work of the crawfish on the water level above the dam, and in turn

the effect of the change in water level on the marginal vegetation,

will be discussed later.

SURVEY OF ANOPHELES BREEDING AFTER IMPOUNDING.

A comparison of the Anopheles breeding in the impounded area

and in the natural bayou is shown by the collections in the general

survey work for the years 1916 and 1917. The records for these col-

lections are listed in Table 7.
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It is seen that the collections are confined to the sections of the

bayou below the dam and to the backwater above the impounded
zone. No specimens Avere taken in the collections in the impounded
area proper. The section of the bayou above the impounded area

was clear for a distance of about | mile and the backwater gave

favorable conditions for nonbreeding in this distance with the ex-

ception of a limited area just above the last station where a ridge

crosses the bed of the bayou and where the aquatic grass {Zlzaniopsis

Tnlliacea) persisted, as shown in Plate IX, Figure 2. The maximum
depth where this grass survived was about 1 foot. Below this point

to the dam, a distance of nearly a mile, an average depth of 3^ feet

was maintained which was sufficient to suppress this grass as well

as all other vegetation in the channel. Another location of Ano-

pheles breeding found above the impounded zone was some distance

above the growth of grass mentioned, among willows and other

vegetation characteristic of natural bayou conditions. This location

is shown in Plate IX, Figure 3.

FISHES IN THE IMPOUNDED AREA.

A survey of the fishes in the impounded area in Bayou Walnut,

the results of which are given in Table 8, shows that the top minnow
{Gambusia afftnis) finds no difficulty in establishing itself under the

conditions of deeper and open water. The fish collections in this

water also show that the larger fishes of the region, those of value

for food, have found their w^ay to the impounded area in some num-
bers. The more valuable of these for food are the crappie or " white-

perch" {Pomoxh annularis), the calico bass {Pomoxis sparoides),

the large-mouth black-bass or "trout" {Mlcropteims salmoides), and

the warmouth bass or "goggle-eye" {Chaenohryttus gulosus).

These game fishes are largely predacious and of course take their

toll from the Gambusia, but this feeding of these larger fishes upon
the little top minnows must not be viewed so much in the light of the

reduction of the mosquito-eating minnows as from the standpoint

that the patrol work which they do serves to keep the little fishes

in the shallow water along the margins. In the open water of the

impounded area there is no mosquito breeding and since the salva-

tion of the little fishes depends upon their remaining along the

margin to escape the larger fishes, the value of the larger fishes as

an indirect aid in mosquito control is seen.
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Fig. 2.—View across Bayou Walnut, after clearine, -^nn yards above site of dam. Compare with
Plate IV, Figure 1.
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Fig. 3.—View across Bayou Waluut, alter > h luii-. mki \ml il, ,\, lU m dam.

IMPOUNDING WATER TO CONTROL MALARIA MOSQUITOES.
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Fig. 1.—View across Bayou AValnut, after (Icariiii;, l,Ono yaids above site of dam.

Fig. 2.—LookiiiR up channel of Bayou Walnut, after first rise of water, from point 300 yards
above site of dam. Note "floatage'' along margin. Compare with Plate IV, Figure 1, and
Plate V, Figure 2.

Fig. 3.—View above dam, Bayou Walnut, with bayou filled with water. Compare with Plate V,
Figure" 3.

IMPOUNDING WATER TO CONTROL MALARIA MOSQUITOES.
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Fir.. ].—View toward dam and spillwav, "Ravon \Valnul, fr<

with water.
itreain, shnwinj; bayou lilled
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Fig. 2.—View across Bavou Walnut, showinc; a(|uatif sras.s, Ztaniopsis miliacea, in bed of bayou,
ih()\e uniioun<l( il /lint

Fig. 3.—View along margin of Bayou Walnut, above impounded zone, showing natural bayo
conditions.

IMPOUNDING WATER TO CONTROL MALARIA MOSQUITOES.
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Table 8.

—

TAM of fishes taken in 12 collections in the impounded area. Bayou
M'alnut, Mound, La., 1916-17, hy F. M. Barnes, U. 8. Bureau of Fisheries.

Species.

Gambusia afllnis

Lepomis cyanellus
Lepomis humilis
Lepomis pallidus
Lepomis isch ynis
Lepomis symmetricus
Lepomis megalotis
Pomox'is annularis
Pomoxis sparoides
Ameiunis nebulosus
Dorosoma cepedianum . .

.

Notemigonus erysoleucas

.

Aphredoderus sayanus. .

.

Mlcropterus salmoides—
Micropterus dolomieu
Chaenobryttus gulosus. .

.

(ommon name.

Top minnow
Green suniish...
Sunfish
Blue-gill sunfish.
Sunfish

do
....do

Calico bass
Common bullhead
Hiclcory shad
Roach, shiner
Pirate perch
Large-mouth black bass.

Warmouth bass, "goggle-eye'

Number
of collec-

tions.

Number
of speci-
mens.

In the comparison of the numbers of the top mmnows found per

collection in the natural baj^ou and in all other classes of surface

water it was seen that for all classes of water there was an average of

63 Gambusia per collection and for the natural bayou 25 specimens

per collection. From the figures in Table 8 we find an average of

14 specimens of Gambusia for the 12 collections made in the im-

pounded water. Just as the comparison of the numbers of these

fish in the natural bayou and in all other classes of water is influenced

by the fact that some of the collections in the latter case were made
in locations where the fishes were highly concentrated, so in the

impounded water, as compared with the natural bayou, we must con-

sider the effect of great dilution in the former. It is sufficient for

the practical results of the work to note that the Gambusia sur\dved

in important numbers the effects of the impounding, and that the

presence of the game fishes in the area serves the purpose of keeping

the top minnows along the margins where they are useful in the

marginal control of mosquito breeding.

FACTORS PREVENTING MOSQUITO BREEDING IN THE IMPOUNDED
WATER.

The nonbreeding of Anopheles in the impounded water is due to a

number of factors which have not as yet been definitel}^ measured.

In general, as has been stated, the important difference between the

impounded section of the bayou and the natural bayou is just the

difference between lakelike conditions which do not favor the de-

velopment of Anopheles and swamplike conditions which do favor

such development. The factors which are considered to operate

against mosquito development are the greater freedom for action

on the part of the predators, the fish and the aquatic insects ; wave
action; depth, which influences temperature of the water; absence

110446°—22—

2
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of the vegetable shelter, which operates against the concentration of

adults along the bayou and consequent oviposition; and depletion

of the larval food of Anopheles furnished by the decaying vegetation

and the low forms of aquatic life, both plant and animal, common to

the swamplike conditions of the natural bayou.

LEAKAGES CAUSED BY CRAWFISH AND MEANS OF PREVENTING
THEM.

The work of maintenance at the dam due to the action of crawfish

about the boxing of the spillway has been mentioned. The crawfish

burrowed through the fill below the level of the water above the dam
to the lower side of the fill. The action of the water through these

openings in carrying away the dirt caused serious leakage, which re-

sulted in a decidedly lower level of water above the dam. In several

instances the level of the bayou was lowered materially before proper

repairs in the dam were made. This damage was not serious the

first year following the completion of the dam, but during the fol-

lowing years, up to 1920, considerable expense was involved in pre-

venting the leakage in the dam due to the work of the crawfish. In

1920, a double course of sheet piling with overlapping joints was

driven below the fill, leaving an opening for the spillway, the boxing

of which was carried through and over the sheet piling. This served

to prevent the crawfish from working to the outside, below the fill,

and to hold the water above the dam at a permanent level.

An important biological observation was made in connection with

the variable water level caused by the leakage in the dam due to the

crawfish. It was found that when the water was lowered, after re-

maining at one level for a period, the water found a clean edge free

from debris and grass and, further, that the drying out above the

new level served to destroy the aquatic and semiaquatic vegetation

that had gained a foothold. Then when the leakage had been re-

paired and the water level raised to its original height, it rested

against comparatively clean margins. The growth of marginal vege-

tation was thus discouraged by this variable water level, and this ex-

plains thv'i lack of any maintenance work on control of marginal

vegetation in the impounded area. Thus, the expense in the mainte-

nance work on the dam was offset in part by the saving in the work

on the margins.

The experience with the crawfish suggests two improvements to be

considered in any further work on impounding water in a bayou in

this region. The first is the prevention of injury to the fill in the

dam on the part of crawfish. This can be accomplished by a core

wall extending below and to each side of the spillway box in the

center of the fill. The second is provision for controlling the water

level above the dam. The object of this is to make use of the effect
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of a variable water level on marginal vegetation and marginal breed-

ing. This is obtained by a change in the water level from time to

time. This can be accomplished by a sluiceway through the fill below

the level of the floor of the spillway. The flow of water through the

sluiceway can be controlled by a gate. If the sluiceway is placed at

the level of the bed of the bayou, in the center of the fill, it will act

efficiently in lowering or raising the water level above the dam, and,

also, the current of water through the sluiceway at this point will

flush out and carry away the mud and sediment that tend to accumu-

late in the bed immediately back of the fill.

ADVANTAGES OF IMPOUNDING, APART FROM PREVENTION OF
ANOPHELES BREEDING.

A special advantage to the plantation, apart from the control of

Anopheles breeding in the bayou, is the fact that the impounded
water gives an ample supply of good water for the live stock through-

out the dry summer season. The land lying between the roadway
and the bed of the bayou is ordinarily used for pasture purposes by
the tenants living along the stream. Except in some instances where

clearing has been done in a comparatively wide strip of land found

between the road and the channel of the bayou, the pasture along the

stream is limited in extent and the grasses are crowded out by weeds,

bushes, trees, and vines. During the seasons of dry weather the

water in the natural bayou is shallow and stagnant. The supply is

often difficult of access by reason of the tangle of overhanging and
aquatic vegetation. The animals often become bogged in seeldng

the water, and the more shallow and isolated pools are converted

into wallows, particularly where hogs are pastured along the bayou
side. The situation under these conditions is unsightly and insani-

tary and the supply of water is limited in amount and of the

poorest quality. With the limited pasturage the animals do not

thrive, and often die. The pasture for the plantation stock—that not

owned by the tenants—is the wet land lying between the cultivated

areas and the timber and swamp. These pasture lands extend into

the timber and the live stock depend upon the swamps and the shal-

low lakes in the basins of same for water. In any prolonged dry
season this supply becomes greatly restricted and as objectionable

in quality as that in the bayou. AAHien this situation becomes acute

it is necessary for the plantation- to drive wells throughout the

pasture areas and pump water. This adds greatly to the expense of

taking care of the stock. On Hecla plantation, following the clear-

ing of the section in Bayou Walnut and impounding the water, the

management not only extended the fencing to include the entire im-
pounded area, but also arranged the fencing of the pastures in one
section of the plantation so that by a system of gates the live stock
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from the regular pastures could visit the impounded water. The
impounding was effective for depth, in so far as an abundant and
good water supply is concerned, for a distance of nearly 2 miles and

thus furnished water for all of the stock of the tenants living along

the stream and for the larger portion of the plantation live stock

during the dry seasons as well. The clearing served to increase the

amount of available pasture, particularly of value to the tenants

for their cows and work animals, and the feeding of these animals

along the impounded water aided in the suppression of the mar-

ginal vegetation. The management of the plantation has stated

that the advantage of a permanent supply of good water for the

live stock would alone justify the expense of the clearing and the

impounding project.

The owners of Hecla plantation are also operating a lumber mill at

Mound. Before impounding the water in Bayou Walnut, the source

of water for the boilers at the mill was a driven well. This water

proved undesirable for boiler purposes by reason of the salts which
were precipitated in the generation of steam. This caused some ex-

pense and considerable loss in time at the mill. A pipe line was
laid from the bayou to the mill and the impounded water pumped to

same for boiler purposes. The management of the mill has stated

that the saving in the mill expenses would more than justify an an-

nual expense equal to the cost of the project. In fact, the mill

management contributed very largely the funds for maintenance at

the dam made necessary by the injury from the crawfish.

A further advantage is gained in that the impounded water offers

a source of fish for food. The bass, or " trout," and the crappie, or
" white perch," are now present in some numbers. The " buffalo "

{Ictiobus cyprinella) has been caught occasionally and will no doubt

increase in numbers, and the sunfish {LepoTnis spp.), or "bream,"

are common. The tenants are able to do a considerable amount of

line fishing and every catch adds to the supply for their tables, fur-

nishing a valuable food and a saving in meat.

An advantage not to be overlooked is the great improvement in the

property which adds to its value. The further value of the im-

pounded area of the bayou as a place of recreation for the tenants is

a very practical point in plantation economy Avhich should be given

consideration.

SUMMARY.

The bayous, or streams, of the Delta region flow away from the

river, their banks are higher than the surrounding lands, and the

fall in their beds is very slight. The shallowness of water in these

streams, with prevalent aquatic and overhanging vegetation, favors

the development of Anopheles mosquitoes. The peculiar relation
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of these streams to the surrounding topography does not permit

drainage. In the absence of a drainage outlet, the Bureau of Ento-

mology conceived the idea of clearing a section of one of the bayous

and impounding the water to note the effect of a change from the

swamplike conditions of the natural bayou to the lakelike conditions

of the impounded area, on the capacity of the bayou for Anopheles

production.

It is important to control breeding of Anopheles in bayous for the

reason that these streams offer a near-by source of mosquitoes, since

the houses on a plantation in the Delta are located on the roadways

along the bayou banks, where one of these streams sections or

bounds a property.

A section of Bayou Walnut at Mound, La., was cleared of all

vegetation and the water in this area impounded by means of a

cross-levee, or fill, and spillway. This served to keep the water over

the bed of the stream above the dam at a sufficient height to suppress

the further growth of vegetation.

It was found by comparative studies that this clearing and im-

pounding was effective in preventing the breeding of Anopheles in

the bayou where formerly such breeding was common.
Cooperative work on the part of the United States Bureau of Fish-

eries demonstrated that the mosquito-eating top minnow {Gamhusia

ajjinis) is generally distributed in the region, but that under natural

delta conditions this minnow is found coincident with prevalent

breeding of Anopheles. It was also demonstrated that this minnow
has established itself in important numbers along the margins of the

impounded area. One of the important factors in the natural con-

trol found to exist in the impounded water is believed to be the

greater freedom for action which the condition of an open surface of

water gives to these fish and to aquatic predacious insects. The fish

are noneffective in control under natural conditions by reason of the

protection afforded the mosquito larvae by the aquatic and marginal

vegetation and the vegetable debris upon the surface of the water.

Other factors in the natural control in the impounded zone are con-

sidered to be wave action, influence of a greater depth on breeding,

absence of shelter for adults along the course and consequent reduc-

tion of oviposition, and the depletion of the food of Anopheles larvae.

The important points to be considered in impounding water in a

bayou for mosquito control are the preliminary clearing of all vege-

tation, the provision for a permanent level of water sufficiently high

to suppress the further growth of aquatic and semiaquatic vegetation,

and the maintenance of a clean margin.

A further jDoint in the construction of the dam is provision to pre-

vent the work of crawfish, which, otherwise, work through the fill

and cause serious leakage. The water level in the project under dis-
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cussion varied greatly at times, due to failure to make such provision.

However, from this variable level which occurred, the experience was
gained that such fluctuation in level operated as an aid in the control

of the marginal vegetation which otherwise would have gained a foot-

hold and would have required an expenditure for the maintenance of

clean margins. The suggestions are made that the crawfish injury

can be prevented by a core wall through the center of the fill to

either side and below the box of the spillway in the dam, and that a

variable water level can be secured by a sluiceway, with control gate,

through the fill and core wall.

Advantages to the plantation from the impounding work, apart

from the control of Anopheles breeding, are a permanent supply of

good water for live stock during the dry season ; an extension of the

land available for pasture; the deeper and more extensive water of

the impounded area, which offers a favorable place for game fish and
thus furnishes a source of food ; and the lake-like body of water which
offers recreation to the plantation people and adds to the attractive-

ness and value of the property.
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