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The account of the potato tuber moth (Phthorimaea operculella 
Zell.) given in the following pages is the result of an investigation 
of this insect carried on in southern California from 1912 to 1916.? 

During the latter part of 1911 the late H. M. Russell conducted a 

few life-history experiments at Compton, Cal., but the work was not 

taken up as a special project until the following year. The laboratory 

work was conducted almost entirely at Whittier and Pasadena, 

Cal. The material for rearing and collection of parasites, however, 

was collected from the following counties: Los Angeles, Orange, 
Riverside, San Bernardino, and Ventura. 

HISTORICAL. 

The tuber moth was first mentioned in literature by Capt. H. 

Berthon (1)? who described it, under the name of the ‘‘potato grub,” 

as being very damaging to potatoes in Tasmania in 1854, and con- 

1 Resigned Jan. 16, 1916. 

2 The writer wishes to express his indebtedness to Dr. F. H. Chittenden for suggestions throughout the 

work, and for the use of notes from his files; practically all the data on the occurrence of the tuber moth 

within the United States outside of California being taken directly from his notes. 

Acknowledgment is due Mr.S.S. Rogers, Assistant Plant Pathologist of the University of California 

Experiment Station, for allowing the writer to collect data relative to the tuber moth in the experiment field 

at Van Nuys; to Mr. B. L. Boyden of the Bureau of Entomology, who conducted all the rearing experi- 

ments from December, 1913, to April, 1914, and to Mr. F. R. Cole for illustrations of the moth in its ditter- 

ent stages and parasites, and for assistance in rearing. 

3 Figures in parentheses refer to similar numbers in the “ Bibliography,”’ p. 52. 

Note.—This bulletin is of interest to entomologists and to potato growers especially in the warmer 

sections of the country. 
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cluded that it was probably the same insect which had in previous 
years caused so much trouble in New Zealand. 

The tuber moth has been known in California (San Francisco) 

since 1856,! and in southern California at least since 1874. 
Mr. William Wood, commissioner of Los Angeles County, reports 

that in 1874 when planting potatoes in the vicinity of Whittier, 
Cal., the seed potatoes were badly attacked by the larva of this 
insect, and in most of the eyes the sprouts had been killed. He 
states that the Chinese who planted a majority of the fields were in 
no way worried by the presence of the insect, so he did not consider 
it a new arrival. The description of the injury given, and the fact 
that Mr. Wood is quite familiar with this insect, would indicate that 
the tuber moth was well distributed in southern California before 1874. 

The first recognized technical description of the species was made 
by Zeller (5) in 1873 from specimens collected in Texas. In 1874 the 
insect was redescribed from specimens collected in Algeria. 

An article published by David Gunn (66) mentions the tuber moth 
as occurring in Canada in 1878. Staudinger and Rebel (39), in their 
catalogue of Lepidoptera published in 1901, also list this locality. 
As yet, however, these statements remain unverified, and the tuber 

moth is not at present known to exist in Canada. 
In California the potato tuber moth has been reported as established 

and working on potatoes in the following counties: 
Alameda, Contra Costa, El Dorado, Ketn, Los Angeles, Modoc, 

Monterey, Napa, Orange, Riverside, Sacramento, San Benito, San 
Bernardino, Santa Clara, Santa Cruz, San Diego, San Joaquin, San 
Luis Obispo, Shasta, Sonoma,’ Stanislaus, Ventura, and Yolo. 

DISTRIBUTION. 

In literature the tuber moth has been given the following distribu- 
tion, the date appended being either that of the publication, or the 
time its occurrence was reported. 

New Zealand, ‘‘Some years before 1854.’’ | Florida, 1897. (35) 
(apy North Carolina, 1897. (33) 

Tasmania, 1854 (Capt. H. Berthon). (1) | Virginia, 1897. (36) 
California (San Francisco), 1856. South Carolina, 1897. (36) 
Texas, 1872. (4) South Africa, 1898. (37) 

Algeria, 1874. (6) Hawaii, 1905. (50) 

California, 1874. India, 1906. (59) 
Australia, 1878 (‘‘Some years back”). (7) | Southern Europe. (59) 

California, 1881. (13) Italy, 1906. (Some years before.) (73) 

(Los Gatos, Santa Clara County, 1888). | Cuba, 1907. (94) 
(21) France. (88) 

(Alameda County, 1891). (24) Spain. (88) © 

(Bakersfield, Kern County, 1891). | Canary Islands. (88) 
(23) Azores. (88) 

1 California Orchard and Farm, September 15, 1893. 

2 Localities furnished by Mr. E. O. Essig, of the University of California. 

3 Numbers in parentheses refer to similar numbers in the “‘Bibliography,”’ p. 52. 
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POSSIBLE ORIGIN. 

A study of the literature shows that the tuber moth was known to 
be present almost simultaneously in Australasia, the United States, 
and Algeria. It is indeed strange that, considering this fact and, in 
addition, the fact that this country is the home of a wild potato 
and tobacco, of all the entomologists who have studied the tuber 
moth, only one, Gerald McCarthy (31), who found the tuber moth 
mining tobacco in North Carolina in 1897, should claim that this coun- 
try is its native home. McCarthy also found the moth in Solanum 
carolinense, a native weed common in the southeastern part of the 
United States. Speaking of the tuber moth, he says, “‘This insect 
probably inhabited its present range prior to the coming of the white 
man.’’ 

Dr. Picard (83, 84), a prominent authority on this insect, says that 
a Mediterranean origin for this species must be excluded. Consid- 
ering the fact that he has not found a specific natural enemy, in the 
shape of a parasite, on the insect, his opinion must be given consider- 
able weight. He mentions either Australia or the United States as a 
possible origin for the tuber moth. 

Analyzing the facts as presented by these two countries, it is seen 
that it was reported from both places at practically the same time. 
Edw. Meyrick, one of the earlier authorities on the Microlepidoptera, 
states that it is not an Australian form. In addition, there is no 

- mention of any natural enemies of the species, which is quite signifi- 
cant, considering that many competent entomologists have worked 
on it in Australia. | 

On the other hand, in the United States there are several parasites 
on the tuber moth, and, as previously stated, this country is the home 
of a wild potato and tobacco, its two favorite food plants. When it 
is considered that it was not until the sixteenth century that the 
potato was introduced into Europe, and that it was not until many 
years later that the use of the potato became at all general, it seems 
only reasonable to suppose that the rapid dissemination of the tuber 
moth came about by following the potato “‘ around the world.” 

Furthermore, the tuber moth is an insect which could be introduced 
easily from one locality to another, as once it infests potatoes it is 
assured of food enough to carry it through several generations; and 
as the insect can stand lower temperatures than the tubers, it would 
never be in danger of being killed by freezing. : 

The entire economic history of the tuber moth is another indication 
that it originated in America. Losses reported to potato crops in Al- 
geria, India, Tasmania, South Africa, Australia, and New Zealand 
are far heavier than any ever reported from California or Texas. 
Climatic conditions being equal, it is generally true that a pest is more 
injurious in an adopted home, for a time at least, than in its natural 
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one, since the change always favors its being freed from some of its 
natural enemies and checks. This is especially true of the tuber 
moth, since most of its parasitic enemies aid in reducing it only when 
it appears as a leaf miner, and if it were introduced into a new locality 
in the tubers, these would be left behind. 

When all these facts are considered, there is some argument in 
favor of considering America as its native home.! 

NATURE OF INJURY. 

Injury by the tuber moth is accomplished through two widely dif- 
ferentiated methods of attack: (1) To the growing plant, and (2) to the 
tuber (fig. 1). The injury to the plant is incident to the mines in the 
leaf and petiole and to the tunnels in the stem. As a rule the egg 
is deposited on the leaf, and the larva as soon as hatched starts to 
mine in the leaf. As the larva grows the leaf becomes too thin for 
mining, and if there is not another leaf near by to tie up, the larva 
either rolls the leaf or enters the petiole. If the larva confines its 
work to the leaves it injures one-third to one-half a leaf during its 
larval life, but where necessity drives it to mining the petiole it kills 
the entire leaf. Once started in the petiole the larva rapidly works 
its way to the main stem, which it begins to tunnel. (Fig. 2.) 

The larva generally works downward in the stem, although in a very 
few cases where the stem is thick and succulent it may turn and work 
upward. Wherever a larva works within the stem for several days 
before becoming mature the terminal section of the stem cate 
dies. It is easy to see that wherever this occurs generally over a 
field while the potato plants are young considerable injury might 
result through the reduction of leaf surface and a weakening of the 
plants. | 
A factor which would make this possible would be the stacking of 

a large amount of infested potatoes from the first crop near fields 
where the second crop of potatoes was just beginning to come up. 
Only one instance of this type of injury has been noted, although in 
1912 conditions were as bad as they would ever be allowed to become. 

In one small field (about 7 acres) at least half of the plants were 

materially injured and the yield was probably reduced one-fourth to 
one-third. The moths were very abundant in this field at the time 
the potato plants were coming up, and several could be found on 
each plant. The reason that more injury was not caused was prob- 
ably due to the fact that vigorous young potato plants are quick to 
erow away from any injury. 

1 Notwithstanding the opinions above expressed there are, perhaps, equally good reasons for supposing 

that this species is of exotic origin, and since it was first reported in New Zealand it would be natural to 

look to that vicinity for its natural habitat. It has been somewhat generally credited with being native 

to North Africa, and with reason, since the flora of that continent is particularly rich in solanaceous plants. 

In fact, the tropical regions of Africa and South and Central America include among their native plants 

nearly nine hundred species of Solanaceae.—F. H. Chittenden. 
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Fic. 1.—Potato section showing injury by larvee of tuber moth (Phthorimaea operculelia). (Original.) 

Fic. 2.—Injury by tuber moth to potato plants, showing mines in leaves, petioles, and stem. 
(Original. ) 
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In large fields near the one mentioned above larve could be found 
in most of the plants, but apparently the vigor of the plants was not 
noticeably affected and the amount of damage done, if any, was 
certainly small. Taking all things into consideration, the damage 
done by the tuber moth to the growing plant in southern California 
is slight in comparison to that caused to tubers. 

The tuber-feeding larva injures the potatoes themselves by tunneling 
through them, so filling these tunnels with excrement and fungus that 
the potatoes, even if not severely injured, are very unsightly and of 
small market value. The character of the injury (figs. 3-5) does not 
seem to be influenced by the condition of the tuber or climatic condi- 

Fic. 3.—Potato sliced to show advanced injury by potato tuber-moth larve. (Original.) 

tion, some larve digging subepidermal channels while others tunnel 
directly through the substance of the tuber. The loss consists not 
only of the actual substance of the tuber which is channeled and 
ruined, but is also due to the fact that badly injured tubers are 
unsightly and undesirable for food. 

ECONOMIC IMPORTANCE. 

Since the first report of the tuber moth, large losses have been 
reported from various sections of the world. Analysis of these reports - 
shows beyond a doubt that in mild, dry climates the tuber moth 
works very serious injury to stored potatoes. In similar climates, 



—— ————————————_——————————————ee—— tte ~ — _ ‘ 4 MBE REESE PR ee eee eee 

‘THE POTATO TUBER MOTH. 7 

Fig. 4.—Potato in more advanced state of infestation by tuber moth. Larve of second gener- 

ation reared from this tuber pupating. (Original.) 

Fic. 5.—Potato showing rot (at left) following attack by potato tuber moth. (Original.) 
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but where potatoes are not habitually stored, the tuber moth is more 
in the nature of an annoying pest, causing minor losses practically 
every year, but becoming of primary importance only where condi- 
tions favor its increase. Careless planting, late and slow harvesting, 
and poor markets with the consequent holding back of the crop, would 
bring about such conditions. 

The tuber moth is reported to have done much injury to potatoes 
in Tasmania in 1855, and it was then stated that it ‘‘has of late years 
been making ravages amongst tubers in New Zealand”’ (1). 

In 1875 it was reported to have been injurious for the preceding 
years in Algeria. Specific instances give the losses at El-Bear as 
three-fourths of the entire crop (6). Meyrick (9) mentions large 

losses caused by it in Australia in 1878-79, and gives an authenticated 
case where four-fifths of the crop in one field was destroyed. The 
tuber moth was reported as destructive to potatoes in California in 
1881 and 1882 (13), and in 1901 (87). 

In 1897 the tuber moth was noted mining in tobacco in North 
Carolina (31) and in 1899 was mentioned as being destructive to 

tobacco and eggplant in Florida (83). In 1898 it was reported from 
South Africa as being common in potatoes, but, due to the fact that 
the potatoes were marketed very quickly, seldom causing much damage. 
Literature further records damage by the tuber moth in India in 
1906 (62). 

In Australia, India, Tasmania and New Zealand the damaging 

outbreaks have been of periodic occurrence from the time the tuber 
moth has been reported. Usually some explanation is given for 
this condition, and it is noticeable that the outbreaks generally occur 
during dry years. Authorities seem to agree that the tuber moth is 
a dangerous pest only to stored potatoes. 

This probably explains why the tuber moth attracts so little at- 
tention in thé United States, where it has long been present. In the 
warm, dry sections potatoes are never habitually stored, and as 
these districts supply early potatoes for the neighboring States, 
under normal conditions the entire crop is harvested as early as pos- 

sible. 
Records of the Los Angeles County Horticultural Commission show 

that the importation of potatoes is twice as great in the fall as is the 
exportation in the early summer. This alone shows that normally 
potatoes once harvested are not held-sufficiently long to permit in- 
festation by the moth, or once infested they are used up before their 
food value is materially impaired thereby. The tuber moth can 
become of importance only during times of poor market conditions, 

when the potatoes are held for a rise in price. 
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CLASSIFICATION AND SYNONYMY. 

The tuber moth belongs to that very large and cosmopolitan family 
of Microlepidoptera, the Gelechiidae. The genus Phthorimaea was 
founded by Meyrick in 1902 (43), the tuber moth being made the 
type. 

There seems to be not a little difference in the synonymy given 
this insect by various authors, so the following list has been selected 
from the literature cited in the bibliography: 

Phthonmace operculctia Zell.) Meyr.. VO02.! sei. ese ee en (43) 
Gelecivosterrella Walk. 1864 Soe. a5. see ss eee ad So Se ee bere (2) 
Gelecima-opencwlella Hew I8i Sus 22.5 bo fo. hee ete eee eit A era (5) 
BS ROURO DRONSOLaNe LG Gis: VOVALS a8 2u sara i S80 522 eee ei eee teens ie Ase or (6) 

JEG SOG ALITE WEN pe ONT se es ocean yee ete a) a ee en (9), Gd) 
Giclee iano acl NRA SNS AO are cag oe oR ate re Ret et eee aye te apa (10) 
Mion OuacclOnName LSS) os 20 88 GM yee ee eee eee ces ea ke el (15) 

Geicchiasovancila Mevr 886225. sa "2 eae eee ae ek ee ce (16) 

The foregoing synonymy does not take into consideration the (ele- 
chia similiella (3) and the G. solaniella (4) of V. T. Chambers, which 

were described in 1872 and 1873, respectively. G. similiella was de- 
scribed first and the name subsequently changed to solaniella when 
the larva of this form was found mining in Solanum carolinense. 
Later, in 1878 (8), Chambers adds to his description of G@. solanvella. 
Specimens were collected in Kentucky and Texas. It appears from 
the life notes he adds that the insect in question might be Phthori- 
maea operculella, but there seem to be no types in existence to sub- 
stantiate this. 

DESCRIPTION. 

THE EGG. 

The egg when freshly laid is opaque, pearly white in color, and 
with a faint iridescence. As the egg becomes older it becomes yel- 
lowish and the iridescence becomes more pronounced, so that at the 
time of hatching it is nearly lemon-yellow with the iridescence 
strongly marked. As hatching time approaches the thin shell 
sometimes becomes more or less distorted, and the outlines of the 
embryo within can be distinguished. Due to the habit of the moth 
of ovipositing on rough surfaces, the eggs are often distorted and the 
shape varies greatly. Two masses of eggs on the surface of a potato 
are shown in figure 6. 

The egg is ellipto-cylindrical in shape, the bluntly rounded ends 
closely resembling each other. An average of several measurements 
gave a length of 0.48 mm. and a width of 0.36 mm. 

1 Oldest name, but a homonym, 

008892 bull, 427—l/——-2 
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THE FULL-GROWN LARVA. 

The full-grown larve (fig. 7, left and right) are slightly fusiform in 
shape, and plainly constricted at the segments. 

The head is dark brown, with the exception of the frons, which is 
lighter in color. The cervical plate is black, with a pale narrow me- 

Fic. 6.—Egg masses of the tuber moth on the surface of a 

potato. Enlarged. (Original.) 

dian line, and the thoracic 

legs are black. The venter 
and sides of the abdominal 
segments are a waxy white 
and the dorsum is gener- 
ally a light pink, though in 
some larvee there is enough 
green present to give the 
dorsum a very light green- 
ishtinge. Thespiraclesare 
small, dark, and inconspicu- 
ous. There are about 10 
to 14 small light hairs on 
each segment, at the base 
of each of which there is a 
small black spot. There 
are five pairs of prolegs, 
and near the base of each, 

on the outside, is a small black projection armed with three stout, 
short, black hairs. The anal plate varies from a yellow to dusky 
yellowincolor. The full- 
grown larva is from 9.5 to 
11.5 mm. in length, and 
when fully extended is 
even slightly longer. At 
the widest point the aver- 
age is about 1.5 mm. in 
width. 

As pupation approaches 
the entire larva becomes 
greenish in color, and 
much shorter. 

THE PUPA. 

When first formed the 

pupa (fig. 7, center; fig. 8) 
is white, with green mark- 

- COLE. Da ae 

Fic. 7.—The potato tuber moth: Ventral view of larva at 

left; dorsal view at right; pupain middle. Larva much 

enlarged; pupa still more enlarged. (Original.) 

ings, but soon changes to deep uniform brown. In general form it 
is spindle-shaped, being broadly rounded at the head, widest at the 
thorax, and tapering evenly to the last abdominal segment. The 
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cases for antenne and legs fold closely on the venter and are rather in- 
conspicuous. The wing cases are also closely folded and generally 
reach the distal end of the fourth abdominal segment. The tips of 
the wing cases and the eyes are darker in color. All the segments of 
the abdomen are armed with a few weak hairs, and the anal segment, 
aside from its short, stout dorsal hook, bears many light hooked 

spines arranged in a circle. 
THE COCOON. 

The cocoon (fig. 9) is white, rather loosely woven, and very thin. 
The exposed portion is more tightly woven and much thicker, and is 

Fic. 8.—Mass of potato tuber-moth pup. (Original.) 

covered with excrement or débris to such an extent that the white 
silk of the cocoon is seldom visible. The cocoon is therefore more 
nearly tectiform than complete and is generally torn in two when 
the upper part is lifted. As the larva generally seeks some depres- 
sion in which to pupate, this heavier part 1s seldom more than half 
of the entire cocoon and more often less. 

The covering of the cocoon is generally composed of particles of 
the material surrounding it. 
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THE MOTH. 

The moth (figs. 10, 11, 12) is small, having a wing expanse of a 

little more than a half inch (12 to 16 millimeters). The general color 
is gray. The forewings bear on the outer half a fringe of light gray as 
wide at the base as the width of the wing. The surface is more or 
less spotted and mottled with black and ocher. The hind-wings are 
much shorter and narrower and have a still stronger fringe of buff. 

Fic. 9.—Cocoons of tuber moth on exterior of potato, showing method of grouping many cocoons 

closely under black excrementitious webbing. (Original.) 

The antenne are long and slender and the palpi are comparatively 
long and conspicuous. The abdomen is also slender. 

The following description is a translation of Zeller (5): 

The male bears on the upper side of the anal segment a large oval disk, from each side 

of which protrudes a readily perceptible tuft of crumpled hair. The somewhat lighter 
female—if it is the female—has somewhat wider fore-wings, and the dot on the cross- 

vein and the one before it darker in color, the one toward the inner margin distinctly 
lighter. 
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Of the size of the smallest [species] terel/a or of the largest [species] senecte/ia. Head 
whitish, mixed with a little ocherous, brighter on the dorsum. Ocelli I can not per- 

ceive. Antenne gray, lighter on the undersides, with well-defined joints. Palpi 
whitish, second joint flattened, with noticeably channeled bristles, and having a gray 
efflorescence on the outer sides near the end. Third joint more than half as long as 
the second, awl-shaped, finely pointed, with a brown spot between the base and middle. 
The four front legs light gray, the outsides dusted with brown, tarsi brown, the joints 
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Fig. 10.—The potato tuber moth (Phthorimaea operculella). Greatly enlarged. (Original.) 

with whitish ends. The hind legs pale yellow, the tibize with small light-colored 
hairs, and the tarsi brownish at the joints. Abdomen yellowish dust-gray, grayish- 

white beneath, the last joint, in the male, as long as one-third of the abdomen, bright 
ocher yellow. Two elliptical, somewhat hollowed disks lying with their hollows 

upon one another. The lower projects somewhat from beneath the upper and is 
clothed on the upper side with a rich covering of somewhat loose-lying hairs, appressed 
above and projecting over the margin. On both sides of the base of the upper disk 
stands an outwardly crumpled brush of hair reaching nearly or quite to the end. In 

the female the anal joint is of 
the usual length, and is of the 
form of a truncated cone, the 

ovipositor slightly projecting. 
Fore-wings 24 to 24 ’” in 

length, smaller in the male 

than in the female, light gray, 
dusted yellowish gray, particu- 
larly toward the base, in the 

Fic. 11.—The potato tuber moth: Natural position at rest, Middle pure ocherous. Along 
Much enlarged. (Original.) the middle fold les a longi- 

tudinal blackish streak, in- 

closed at both ends with whitish dashes.. Above this lie two small blackish dots, 
the lower nearer the base than the upper. On the cross-vein is a larger dot, nearly 
ringed about with light gray. At the rear margin is an indistinct row of blackish, 

somewhat larger dots. Fringes light gray, inwardly dusted with darker, and espe- 
cially near the tip. 

Hind wings hardly as broad as the fore-wings and with underturned hind fringe, 

bright gray. Fringe longer than the width of the wing, with a yellowish sheen toward 
the base. The entire underside uniform gray. 
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In a doubtful female the whole dorsum is of the same color as the head, the abdomen 

as before stated. The broader fore-wings are lighter at the front margin, plentifully 
sprinkled with uniform gray without the usual ocherous color in the middle, and the 
general ocherous tone of the whole. At the fold les a black dot with a whitish border. 
Obliquely behind and over this dot there is no double spot, but a separate stronger 
deep-black ringlike dot, bright and strikingly inclosed. The cross-vein dot is smaller, 
but also black and similarly ringed with light color. Since the hind fringes are almost 
entirely broken off, I can not say further about the markings. The hind wings are 
sensibly broader than the fore-wings, and less finely pointed. 

Fig. 12.—Potato tuber moth details: a, b, Views of the face; c, antenna; d, tip of abdomen of female; e, 

tip of male abdomen; /, hind leg: g, foreleg. All much enlarged. (Original.) 

FOOD PLANTS. 

Prof. F. Picard (83) gives the following food plants for the tuber 
moth: 

Potato (Solanum tuberosum), S. commer- 

sont. 
Darwin potato (Solanum maglia), Bitter- | 

sweet (S. dulcamara), S. miniatum. 

Eggplant (S. melongena). 

Tomato (S. lycopersicum). 

| Red pepper (Capsicum annuum). 

Tobacco (Nicotiana tabacum), N. sylves- 

tris. 

Henbane (Hyoscyamus albus), Matrimony 

vine (Lycium europaeum), Fabiana wm- 

bricata. 

To this list may be added nightshade (Solanum nigrum), which 
has been noted as an occasional food plant for tuber-moth larve in 

Southern California. 
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In the files of the Bureau of Entomology there are also records of 
this species boring into the stems of poka or Cape gooseberry (Phy- 
salis peruviana), made by Mr. Jacob Kotinsky in Hawa. The species 
has also been found mining the leaves of Physalis mollis and Solanum 
elaeagnifolium, at Brownsville, Tex., by Messrs. McMillan and Marsh, 

of this bureau. 
The tuber moth is unable to increase rapidly on plants which 

confine its activities to mining the leaves, owing to the abundance 
of its parasitic and predacious enemies. In California, therefore, 
only the potato, tomato (figs. 13, 14), and eggplant (fig. 15) may be 
considered as affording suitable protection to the larve, and of these, 
the potato only is of primary importance. While adults have been 
reared from tomato and eggplant fruit, no important infestations 
have been noted under field conditions, even where moths were 
abundant and close at hand. 

LIFE HISTORY AND HABITS. 

THE EGG. 

The egg, under outdoor conditions, is deposited early in the spring 
on the underside of the foliage of young potato plants. Sometimes 
the eggs are placed on the stems or petioles of the leaves, but more often 
the body of the leaf is selected. In such cases the eggs are placed 
singly, though two or more may be quite close together. Three is 
the largest number that has been noted ona single leaf in the field. 

In bins, or in stacks of potatoes, oviposition takes place through- 
out the winter, but is most general during the warmer months. 
The eggs are usually deposited in the eye or a rough scar on the potato, 
-and when placed in this way are generally grouped, as many as 30 
having been found in one eye. In sprouting potatoes the eggs are 
often placed in circles around the base of the sprout. In this way 
they are protected on all but one side. 

Another favorite place for oviposition is at the point of scab in- 
jury, and the narrow deep cracks caused in this way are very often 
filled with the eggs of the tuber moth. Here also they are pro- 
tected. Where the eggs occur in more or less of a mass, scales from 
the wings and body of the moth are thinly scattered over them. 
This probably is not due to an effort of the moth to hide the eggs, but 
is the result of her moving about during the deposition of the egg 
mass. 

In potato bins eggs are often found on the sacks, in depressions 
on the sprouts, and on débris occurring on or between the potatoes. 
However, very small number's of eggs are found deposited in such 
places, and they generally occur singly. 

The eggs are usually deposited during the evening, night, or early 
morning, although in cool weather and in darkened bins oviposition 
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takes place at all hours of the day. Daylight oviposition out of 
doors occurs only on cold and dark days. A single moth under labor- 
atory conditions will deposit 150 to 250 eggs with the extremes of 38 

Fig. 13.—The potato tuber moth as a leaf-miner on tomato. An uncommon form of injury. (Original.) 

for the minimum and 290 for the maximum; oviposition is completed 
in from 6 to 17 days, and by far the greater number of eggs is usually 
deposited in about 4 days. 
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The largest number obtained in one day from a single female was 
68, and this female on two consecutive days deposited 112 eggs. 

Fic. 14.—Tender stems of tomato killed by potato tuber-moth larvee. Uncommon form of injury. 
(Original. ) 

The length of the egg stage varies with the temperature. 
Eggs deposited in midwinter may require 34 days to hatch, while 
those deposited during July and August may hatch in 5 days. There 

59889°—Bull. 427—17—3 
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are, naturally, all degrees between these extremes. There seems 
to be no true hibernation of the egg, those which develop slowly 
passing through about the same color changes and requiring about 
the same time in proportion as those which develop very quickly. 

There is more or less regularity in hatching of the eggs deposited, 
even where the period cf incubation is the longest. In the case of 

i those which took 34 
days, all which were 
deposited during one 
night hatched during 
36 hours. Practi- 
eally all the uninjured 
eges hatch success- 
fully. From acount 
kept of those depos- 
ited under laboratory 
conditions only 5 out 
of 730 eggs failed to 
hatch; of these 4 were 
sterile, and the other, 
after partial develop- 
ment, collapsed. 

The shells of the 
eggs, as indicated by 
the color changes be- 
fore hatching, are 
very thin and collapse 

. shortly after the lar- 
ve leave them. 

THE LARVA. 

EMERGENCE AND FEEDING 

HABITS. 

The larva emerges 
by eating a_ hole 
through the eggshell. 
The newly hatched 

Fic. 15.—Potato tuber-moth injury to exterior of fruit of eggplant. . as 

(Original.) larva is about 1 milli- 

meter in length and 
is quite light in color with the exception of the head, which is dark 
brown; it is inconspicuous and very difficult to detect when on the 
surface of a potato. 

The larve are quite active and begin feeding almost at once. They — 
seldom move far from where they hatch before they begin to burrow. 
When the egg is laid on a leaf there is slight chance that the larva 
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will migrate to another leaf or to the petiole before starting a mine. 
In the case of a tuber the larva generally begins where the egg was 
located, since the irregularity chosen by the moth for oviposition 
affords a favorable location for starting a tunnel. For this reason 
the damage to potatoes first becomes evident in the eyes. The fact 
that the entrance hole is very small and webbed over makes it difficult 
to detect infestation in potatoes shortly after the eggs have hatched. 

After a few days a pink coloration may be detected around the 
injured eye, and closer examination evidences the presence of excre- 
ment held in the web at the entrance to the burrow. The larvee first 
burrow straight through the skin and into the substance of the tuber. 
Some then turn their mines so that they follow close under the skin of 
the potato. A fungus grows in the burrow and discolors it so that the 
course of the work may be easily followed. Later the skin of the 
potato partially dries and sinks so that the scar becomes very promi- 
nent; this is commonly called subepidermal injury. This type is the 
most noticeable, but is not so injurious to the tuber as the deeper 
channel; and as it dries out more easily, it is not so apt to be the cause 
of rot. 

The channel of the tuber-moth larva is as a general rule deeper and 
may even go through the center of a large potato. This form of 
injury is more difficult to detect from the outside than the sub- 
epidermal form, but from its greater injury to the potato is the more 
important. The surface injury may be cut out without much loss 
to the tuber, but to remove the burrow through the center, the tuber 
must be cut to pieces and much of it lost. 

There seems to be no definite course followed by the larva which 
might determine the character of injury or the direction taken in the 
tuber. Some channels are partly subepidermal and partly deep, while 
other larve construct subepidermal channels and still others deep 
ones. | 

The channels or galleries generally measure 1 to 3 inches in length 
and are quite tortuous. The portion occupied by the larva is fresh 
and white, but the older parts are covered with a matlike brown 
fungus and often partially filled with excrement. In older injury the 
mycelium of the fungus may entirely fill the channel. The growth is 
very compact, and if the tuber is cut in such a way that the injury 
is exposed the fungus may be lifted out in one piece. 

It should be added at this point that, in its occurrence in Cali- 
fornia, the larva does not prefer to feed upon the tubers in the ground 
as long as the potato tops are green and succulent. However, as 
soon as the tops become dry and hard the larve do not hesitate to 
attack the exposed part of a potato, and will even dig through a thin 
layer of soil in order to reach the buried tubers. 
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EFFECTS ON THE TUBER. 

The immediate effect of the potato-tuber moth on the potato is in 
the-reduction of its market value. This takes place in two ways: 
(1) By ruining the substance of the part of the potato actually 
attacked, (2) by causing the entire tuber to be unsightly and, 
therefore, undesirable. Losses through the tuber moth may practi- 
cally all be classed under these two heads. It is true that the larve 
cause decay in the tubers, but when this takes place the infestation 
is generally so heavy and the injury so far advanced that the tubers 
have ceased to have value, either for food or for seed. 

The growing sprouts of seed potatoes also form a favorite point 
af attack. When thus attacked they are badly injured or killed, 
and potatoes which have too long been exposed to the attacks of the 
moth are likely to have their value as seed materially reduced. 

NUMBER OF LARVZ DEVELOPING IN TUBERS. 

Since several generations of the insect may develop in a single 
tuber, it is difficult to determine the maximum that a tuber of average 
size will support. Mature larve have been noted, apparently of 
normal development, in tubers which contained no appreciable 
moisture and which were simply a network of pith holding together 
the dried burrows of previous generations of tuber worms. In onegen- 
eration 121 pupex and 3 mature larve were taken from a tuber 4 cm. 
by 6 cm. by 9 cm. The substance of the tuber had been so com- 
pletely destroyed that on removal from the breeding jar it collapsed. 

DEATH OF LARVZ IN TUBERS. 

The normal rate of mortality among the larve while tunneling in 
tubers is very low. Whenever too many develop in a tuber and a 
putrid condition ensues, very few of the partially developed larve 
escape. Some may leave the tuber and go im search of other food, 
but most of them remain in the decaying tuber and die. 

Larve mining in potato tops are very susceptible to change of 
weather, and in short cold and rainy periods most of the larve in the 
leaves are killed. Those in the stems, being better protected, are safer 
from weather changes. 

LENGTH OF FEEDING PERIOD OF LARV. 

The length of the feeding period varies with the temperature. 
During July and August the active larval life requires as few as 14 
days, while during December and January the same period some- 
times lasts 69 days. This much greater length of the larval stage 
in winter is a result simply of retarded development and can not be 
considered hibernation, as the larva is active and feeding at all times. 
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METAMORPHOSES. 

The instars of the insect show the greatest irregularity, even where 
conditions as regards food and temperature are kept as nearly uni- 
form as possible. In determining the molting periods, a large num- 

ber of larvee, hatched on the same day, were placed on tubers and on 
each succeeding day the larve were dissected from a tuber and pre- 
served in formalin. For the first two days the larve were of approxi- 
mately the same size, but from the time of the first molt the greatest 
variation was noticeable; when some had reached the last instar 

others hatched on the same day and feeding on the same tuber were 
only half grown. 

This variation was also very noticeable in the life-history work. 
Where the first mature larve appeared in 18 days, there were mature 
larve leaving the tuber for the succeeding 6 days. © Table 1 shows 
the variation in the length of the larval period with larve from 
the same egg masses. 

TABLE 1.—Length of larval stage of the potato tuber moth with larvxe from the same egg 
Masses. 

Number Numaber 
of Dates between which they | 025% 

Eggs hatched. mature appeared. in emer 

larve. een period. 

1913. 
TORING) Aas eS ra ee a es 41 | Dec. 16 and Jan. 4.........-- 19 
TD YSOS SY so eee po ee Al 2) A te ear ae Aan 8 | Feb. 3 and Feb. 21........-- | 18 

1914 
SEER ON DS Se yaa eS ae nes ae 7 | Mar. 2and Mar. 28........-- 26 
JIS Os) Pee ace errr eras SEN ed seaee Rune ie Mansel Glande Atpr 4 ese sees 19 
Wikyr, Io eos besos ouebesecscoorese Fie Neinia sis Beyaee eee ct 67 | Apr. 21 and May 2.....----- 12 
INGO NGO A GAINS nei ae Om mee behets Hie ne. eee eae snes Sears 23) (Mayland Mayall.) 22-22 == 11 
SULT aye a NS CN eR ee SRO 18 | June 2and June 10.....---.-: 8 
FIRSTS TD) SIS AN aE eR Soa A et eae eee 477 \ JulyaGiand Sullysl4s225 22225 = 8 
ub Goses sess ate es oa ee eee eee eae Sa asa 20niqualye2ican Gd dulliye 27st 6 
INU se Se Gn SAS UOMO ae meri ei a Seems e ee 380 Aue. Loran Anton 232 eee eee 5 
SHE] Og dU SNS 2s ee NM GD ch CSIR ee ea ie a 44 | Sept. 21 and Sept. 30....--.-. 9 
OG is Sho SAE Sei Gee ce eee So rea eee epee 19) | Nove 3'and Nova 16: 22-222 -=- 13 

As has been suggested, the rapidity of growth of the larva seems 

not to be influenced by the amount of food. Larve developing 
in leaves, stems, or petioles, grew more rapidly than those in the 

tubers. In these experiments the larve were kept on potted plants 
indoors, and those in tubers were placed in a breeding jar beside the 
plant. The experiments were carried on under the same temperature, 
but the larvz in the leaves were more exposed to changes in tem- 
perature, and whether the greatest difference in the time of develop- 
ment was caused by a variation in temperature or a difference in the 
character of the food,it would behardtodetermine. Itseems probable, 

however, that the larve in the potato tops had the most succulent 
food, and that this made some difference in the time of development. 
The results of the experiments are shown in Table 2. . 
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TaBLE 2.—Length of larval stage of potato tuber moth; comparison of larve reared on 
tubers and larve reared on potato tops. 

LARVA REARED ON TUBERS. 

| 

- Eggs hatched. aoe ee 

Days. 
ING VAHL ORI OT puke see ete ee ae ices eee Pee aah eee ee ees Vee es | ee Re es 8 Dec. 13 33 
SU PEs WE) ZS Ba SS oh ee ee He eee ee A oj ps a Se eee | July 14 16 

INoyenl 0; IOUS ate Mrs. Sco. Soo. sae o se anette babes seen Sees oes See eee | Dec. 7 27 
alsys el 9 idee ee = asa dios on ante Se Gue ek oO So eae ee Oe | July 18 

| 

The process, of molting is similar to that in other lepidopterous 
larve, the skin splitting down the dorsum of the first few segments, 
and the larva working its way out through this opening. By far 
the greater time is taken up in preparation for molting and in 
resting after the operation. 

LEAVING THE TUBER. 

“When the larve become mature they usually leave the tuber for 
pupation. If they remain in their channels they come out toward 
the opening, so that the head of the pupa is just under the skin of 
the potato. When the larve leave the tuber they are very active 
and seldom remain exposed very long. If they are disturbed in any 
way they throw themselves about until they reach shelter of some 
kind. They are especially active when parasites are near, and 
should the latter approach, contort themselves wn ee the 
parasite has disappeared. 
When a suitable place for pupation is discovered, an operation which 

may consume from an hour to a day, the larva begins a cocoon at 
once, working so rapidly that very soon it is covered with a thin 
mesh. If disturbed, it will often leave its partially completed cocoon 
and seek another place to pupate. Sometimes one larva will interfere 
with another spinning a cocoon to such an extent that the partially 
constructed cocoon will be deserted by both. Parasites, however, 
cause the desertion of the greatest number of cocoons by attempting 
oviposition before the cocoon is completed. . 

Cocoons containing pupe of the tuber moth were noted in an old 
bin in the following places: (1) In the eyes of potatoes; (2) between 

potatoes (where they touched or almost touched); (8) between 
potatoes and bin walls; (4) between potatoes and sacks; (5) in folds of 
sacks; (6) in cracks in bin walls; (7) in nail holes of bin walls; (8) onbin 

walls; (9) in rubbish on floor; (10) on open floor (mostly naked); (11) 

in end of burrow with cocoon partly protruding; (12) in old burrows 
under dry skin of potatoes. 
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In the field, where the larvee were working on potato tops, the pupz 
were noted in the following places: (1) In curled dried leaves on the 

plant; (2) under clods and rubbish, and (3) protruding from old 
burrows in the stem. 

Under field conditions most of the pups were found in the dried 
leaves which still clung to the potato plant. 

After the larva has completed its cocoon it spends a period varying 
from two days to a week or more before changing to the pupa. The 
larva becomes greenish all over and sometimes takes on a faint blue 
tinge. It also becomes much shortened and constricted at the seg- 
ments, and loses nearly all its activity. This stage varies very much 
with the temperature, being much shorter in summer than in winter. 
The larva is helpless at this time and can not move within its cocoon 
sufficiently to ward off the attacks of parasitic enemies. During 
this period the greatest amount of parasitism of the mature larva 
takes places. 

THE PUPA. 

_ As the time of pupation approaches, the skin on the dorsum of the 
anterior segments of the larva splits, and the pupa works the skin off 
in ashort time. The cast skin occupies a small space in the posterior 
end of the cocoon. 

The pupa when newly formed is white with greenish markings. 
It soon begins to darken and in a few hours’ time is uniformly dark 
brown. When first formed it remains quiet until it becomes hard- 
ened, but is very sensitive and if disturbed turns itself around by 
moving the tip of its abdomen in a circle. The hooks at the tip of the 
abdomen are sometimes fastened in the cocoon, so that even if part 
of the anterior end of the cocoon is torn off, the pupa will not neces- 
sarily be dislodged. Just before emergence it is quite active and 
turns itself around quickly if disturbed. As the time for emergence 
approaches the pupa becomes still darker in color and is less active. 

The period of pupation varies greatly with the temperature and 
even when under constant temperature. Lots of pupz formed on 
the same day vary to such an extent that the last to emerge often 
requires twice as long as the first. Experiments undertaken to de- 
termine the influence of sex on the length of the pupal period gave 
entirely negative results, as both sexes were practically evenly divided 
at all periods of emergence. 

Extreme variations for the pupal period indicated 8 days for 
July and 56 days for December and January. Variations during 
one month include 12 days for the shortest and 29 days for the 
longest period. 

Kven where the pupal stage is of the longest duration the ratio 
of this to the increased length of the other stages of the moth re- 
mains so nearly constant that it seems development within the 
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pupa must continue all the time, though, of course, at a greatly 
reduced rate. For this reason this longer pupal stage must be 
classed as retarded development and could hardly be termed true 
hibernation. 

THE ADULT. 

EMERGENCE: 

The skin of the pupa splits along the dorsum of the thorax, and the 
moth by contracting itself draws its head from the pupal case. From 
this time on it is never quiet, contracting and expanding its abdomen 
and withdrawing its legs from their cases on the venter of the pupa. 
When the legs are free and the body has started to move in the case, 
the whole insect is free within a few moments. The freshly emerged 
adult generally moves very little until it has expanded its wings to 
their normal size. Sometimes the latter process is quite slow, but 
generally within a short time the wings reach beyond the tip of the 
abdomen. Even after development is apparently complete the 
moth prefers not to attempt flight for some time, but if disturbed 
either feigns death or seeks a place of concealment with a character- 
istic Sle running movement. 

For some time ae emergence the adult spends most of the time 
in hiding, but if sweetened water is placed near it the insect will feed 
readily. 

HABITS OF THE MOTH. 

Under field conditions the habits of the msect are well adapted to 
protect it until the eggs are deposited. During the day the adult 
hides beneath rubbish, or if the fields are clean, under clods of earth. 
Its coloring is very protective, and it is difficult to locate the adults 
even after they have been observed to alight. They seldom fly in 
the field during the brighter hours of midday, unless disturbed, and 
then the flight is short and jerky, and on alighting they seek con- 
cealment. When they fly to the potato vines they hide beneath the 
leaves, so that they are seen with difficulty. Under field conditions 
they have not been noted to take food. The activity increases with 
the temperature, being greatest durmg warm nights. 

PROPORTION OF THE SEXES. 

The proportion of the sexes during the year remains very nearly 
constant and almost equal. Pupz selected at random at various 
times of the year gave the results shown in Table 3. 

TABLE 3.—Proportion of sexes of the potato tuber moth. 

eae 
Number Not Month. : of pupe. | Male | Female. em erging. 

SU ERTNUI T asee so Sep te cee eS tee ee | 127 69 | ol 7 
INTE soe 2es . SS oo ae ERE oe te Se ee ee 200 111 86 3 
[BL ce oti rae er ee ge ae ei TE ai es an SR eae 200 9a 104 i 

OGtobers< 2 see 2 Ce ee eee 100 52 43 5 
! 
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REPRODUCTION. 

Mating takes place within a day or two after emergence. During 
the summer months this time may even be reduced. Sexual attrac- 
tion is quite strong, the males being readily attracted to the females. 
Pairs may mate several times, frequently promiscuously. Mating 
is most common during the morning and evening. Mating pairs 
have been noted in the field, generally under clods and rubbish, at 
temperatures of from 59° to 65° F. 

Oviposition takes place within from 24 to 48 hours after mating. 
Generally only a few eggs are deposited the first night, from 10 to 20 
in number. The maximum number is deposited the second, third, 
and fourth nights. Oviposition by a female when fed on sweetened 
water may last for two weeks, but even in these cases it will be found 
that over half of the eggs were deposited before the fifth night. 

The following record gives the oviposition record of an average 
pair: 

October 7.—Pair mating. ~ October 15.—5 eggs deposited. 
October 8.—7 eggs deposited. October 17.—11 eggs deposited. 
October 9.—31 eggs deposited. October 18.—3 eggs deposited. 

October 11.—57 eggs deposited. October 19.—0 eggs deposited. 
October 12.—39 eggs deposited. October 22.—Female dead. 

October 14.—34 eggs deposited. 

Oviposition takes place almost altogether at night, especially 
during warm nights. On cool dark there eggs are sometimes depos- 
ited, but these are few in number and very seldom are two found 
placed together. When the moths are kept in darkened cages they 
deposit a few eggs during the day, but even here the greater part of 
oviposition takes place at night. 

Adults in the act of ovipositing on potatoes were very commonly 
noted. The female generally sought the eye of the potato and after 
turning around a few times settled down and remained quiet for a 
few moments. Just before oviposition the tip of the abdomen was 
moved around slightly until a suitable place was found, then the - 
abdomen was contracted rapidly by drawing in the tip and the egg 
was extruded. 

The egg when first deposited is viscid, and translucent white, but 
hardens in a very short time. Generally the adult moves about 
after oviposition until another satisfactory place is found, but the 
same adult may deposit most of a night’s quotum of eggs in the same 
place. In case the adult discovers a narrow deep crack in the tuber 
the eggs are often placed within it in a chain. When the breeding 
jars are covered with cheesecloth it is always found that some eggs 
are deposited on the cloth. This is in corroboration of the fact stated 
by Picard (83), that oviposition is stimulated by a Bg Nee surface. 

50889°—Bull. 427—17——-4 
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RELATION OF FOOD TO OVIPOSITION. 

Experiments to test the effect of feeding on oviposition show 
that both the period of oviposition and the number of eggs laid may 
be increased by feeding. In these experiments some of the moths 
were kept in dry vials, some in vials with. a little water, and others in 
vials with sugar water. Those kept with water were under condi- 
tions more like those outdoors, while the ones in dry vials would be 
under extreme laboratory conditions. 

The results are shown in Table 4. 

TABLE 4.—Relation of food to oviposition of the potato tuber moth. 

Average 
Number} Total | number 

Nature of experiment. of eggs de- | of eggs 
adults. | posited. per 

female. 

A\T\TATTU AYO Fag (00,0 gees yee) SS Se ae a NS er Rr Ase 10 1,138 114 
DWWALCR os ssc ote ta Annes awe oneta Le ceusustee Lie Aaateeie cme ceee 10 1 472 147 
Sweotened awaterer 6 Sono coe see a. Secs «os ease oe Bee eee ee 10 a 094 209 

Temperature also has a very important effect, not only on the 
rapidity with which eggs are laid, but on the number as well. During 
the winter months, when the nights become cool, very few eggs are 
deposited by. an adult, and these are well scattered. The period of 
oviposition is longer during a season of cool nights, but even this 
does not make up for the fewer eggs laid, as will be seen in Table 5. Do~ 

TABLE 5.—E fects of temperature on oviposition of the potato tuber moth. 

Ovi- Total 
Pair of adults mating. position eges 

period. laid. 

Days 
JANUARY e ost Ss Ss SS SC oS Sie | Se ne ee ee eee eee ee 17 109 
ATO yon Ee ee ere ae rte eee ee ete SR eI ene Oh Sat aoa ce osDS sees dan ceeee 14 247 
| Ubt 01s Ae a ieee en ree Ae tea ee RD me = Bon Cee CS OOS EU EEE 8 262 
NUS USES os ajaicecis sob atts ob nse aos see See ase Bee Sa See Oe 5 ae eee oe or ee eee Saeer 9 294 
INOVEM bers 2 Sac: 56 1 2 ARR eR Re Ss Re a ee ee ee eee 8 142 

September and October also showed large egg records, 27 out of 35 
adults under observation depositing over 200 eggs each. 

EFFECT OF FERTILITY ON OVIPOSITION. 

Unfertilized females were isolated at different seasons of the year 
to test the effect on oviposition. Almost all of these deposited eggs 
at some time during their lives, but the eggs were deposited irregularly 
and in much smaller numbers. 

Table 6 shows some of the greatest do as to be found in this 
connection. 
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TABLE 6.—Oviposition of the potato tuber moth by virgin females. 

Period 

between | otal | Period 
Female No. gee Saber | tonone fength 

are eggs. | position. 

position 

Days. Days. Days. 
1S OR ea OSes CEBU TEE Cee Ser Soccer ieee erent SS Sie 5 13 ¢ r¢/ 
Dh pti a aan ky VGN Mes a a 8 eo a Ec Ne enil 51 1 2 
Sethe les RGSS Bie © Ne SEI Er a PG er 3 6 5 13 
AEE SR Ee See sy BE ee at eo GL RS i CAS ayn NE 7 44 9 22 
Eis ee Nes eS, ue at ana Sad pe Nee Pa 4 1 1 11 
BSR O IARI aS A Se SI Oars Hee ctr ok MERIC 5 18 16 21 
USS Sa Gea poe SOE SS ROE DEE See tee 5 29 13 18 
SoS ECS USC AER IS EOC ee NE Oa a Noe aE 4 9 6 12 
en eee MER Peano rar OR DLE LIS AGN) 0 Rye 1 OE ape noe ena Deen Se RY pce NCEP serene ec (Ue) eee See ae 28 

Ll) Sapa rneher me pccae et TNeE et AT oN NRHN cei HL ite Ai be 6 32 10 17 

Examination of this table will show also that oviposition was 
delayed longer after emergence than in the case of fertilized females. 

POSSIBLE PARTHENOGENESIS. 

To corroborate the observations on parthenogenesis cited by 
Picard regarding this insect (83), unfertilized females were isolated 
during spring and fall, and all the eggs deposited were carefully 
watched. In these experiments 54 females deposited a total of 
486 eggs, of which 324 were laid during September and 162 during 
April and May. None of the eggs hatched, showing that while 
parthenogenesis may exist, it is not very common. 

LENGTH OF LIFE. 

Pairs of adults isolated proved that the length of life of the male 
is shorter than that of the female. This proved to be the case in 221 
out of 275 experiments carried out for egg records. In nearly every 
case where the female died first the egg record was poor, indicating 
that the female was abnormal to begin with. The length of life 
varies with the temperature, the warmest season giving the shortest 
life records. This is even more pronounced where the adults are 
not fed. 

The extremes noted for length of life were, for the male 1 to 14 
days, and for the female 2 to 22 days, in cases where the pairs had 
mated. In experiments using unmated individuals the length of life 
for the male varied from 3 to 31 days, and for the female, 2 to 28 days. 

In the case of the male which lived 31 days no food was given, and 
the individual was kept in a dry vial. This record was made during 
November when the weather was cool. 
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A fairly average record of a pair of adults which mated October 
29, 1914, is as follows: 

October 31.—40 eggs. 
November 1.—63 eggs. 

November 2.—28 eggs. 

November 4.—41 eggs. 

November 5.—18 eggs. 

November 8.—19 eggs. Male dead. 
November 10.—6 eggs. 

November 12.—3 eggs. 

November 13.—0 eggs. Female dead. 

SEASONAL HISTORY. 

NUMBER OF GENERATIONS. 

The number of generations in one year, as might be expected, is 
subject to the wide irregularity shown in the separate stages, and to 
temperature and other natural influences. 
By taking the first to emerge from each brood, six generations are 

theoretically possible. In reality this would include five complete 
generations, and the beginning of the sixth. 
By starting several generations in each month for almost three 

years, it was possible to determine the average length of generations 
for the different months of the year. 

Table 7 gives the results obtained: 

TABLE 7.—Length of generations of the potato tuber moth. 

Approxi-. | Approxi- ; Approxi- 

Month of starting 1 rat of | Month of starting I fee of | Month of starting l anet of 
generation. gen we | generation. gen era- | generation. gen eae 

tion. | tion. || tion. 

| Days. || | Days. || Days. 
UGiE his eee es eee 90: | Mayo a eee 50 || September.-.-.-.------ 45 
Kebruary. 2:2: 6c. - 44 for) @Unes S2ek ee eee 40° || Qetepers. = 222s. Re 70-75 
Manche ei Soa oo aes oe Gos] | hulls esses Soe 30-85 || November...--.------- 92 
PASPTIle me oe en eeh Suk e 55 || August........-.-.---- 30-30 }; December. -- 2. -..=-2<- 95 

Consecutive generations for a year, using the first to emerge, may 
be plotted as follows: 

Plot A. : 

ist Gen. 2nd Gen. 3d Gen. 4th Gen. 5th Gen. 6th Gen. 

{ | | | | | | Sal | | | 
Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. 

This shows plainly that even in the more severe years six genera- 
tions may be obtained, using the first to emerge from each brood. 
By using the last to emerge from each brood, the number of genera- 

tions is reduced as the following plot shows. 
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Pilot-B: 

ist Gen. 2nd Gen. 3rd Gen. 4th Gen. 5th Gen 

| | | | | | | | | | | | | 
Jan, Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. 

The gradual emergence of adults from a generation the larve of 
which all hatched on the same day may be shown from the examples 
which follow, one from midsummer and the other from midwinter. 

TaBLE 8.—EHmergence of adults of the potato tuber moth from two generations, the eggs 
of one hatching on July 7 and those of the other on December 8. 

Average mean temperature 72° F. Average mean temperature 51° F. 

1914 1914 
July 7. Eggs hatched. Dec. 8. Eggs hatched. 

1915 
Aug. 1. 2adults emerged. : Mar. 7. 2 adults emerged. 
Aug. 3. 21 adults emerged. Mar. 9. 4 adults emerged. 
Aug. 5. 18 adults emerged. Mar. 10. 2 adults emerged. 
Aug. 6. 4 adults emerged. Mar. 11. 1 adult emerged. 
Aug. 8. ladult emerged. Mar. 12. 6 adults emerged. 
Aug. 10. 2 adults emerged. Mar. 13. 3 adults emerged. 
Aug. 11. Oadults emerged. Mar. 14. 3 adults emerged. 

Mar. 16. 1 adult emerged. 
Mar. 18. 4 adults emerged. 
Mar. 20. 1 adult emerged. 
Mar. 23. 1 adult emerged. 
Mar. 30. 0 adults emerged. 

The records given above show plainly the difference in number of 
generations which may be caused by taking the first to emerge or the 
last to emerge in each life cycle. If the first eggs deposited by the 
‘first to emerge,’ and the last eggs deposited by the “‘last to emerge’ 
are taken for the second generations, the difference will be increased 
to such a degree that almost a month will elapse between the time 
of starting the two generations. 

Taking generations throughout the year gives the following periods 
(Table 9). The records are for 1914, and were made at Pasadena, Cal. 

TABLE 9.— Variation in life cycle of the potato tuber moth. 

Adults emerging. | Greatest 
Lengt. 

Month started. Eggs |___________| number | “+ ie 
laid. i emerg- 

First. Last. ing. eycle. 

1914 Days 
UBROUDW BAG Gn 2 AraC stan a eg eae Rey nom mayae ORV peer Jan. 4{ Apr. 6{ Apr. 30] Apr. 10 91 
J 1S) OY CUD LEW eh eaten ei ac gg er EUR eg Feb. 11 | Apr. 25 y 13 | Apr. 29 73 
Neri hiss ee et ee See R ie clas ies Sha aie Gag aaa Mar. 18 | May 18} May 81] May 21 61 
BAGO Tella er scenes Meenas Adee wee Nee ta) ROA tna set a aan Apr. 15 | June 9 | June 20} June 12 55 

EAE heeds a na Pea G See Re UREN mene a (Met ne a Wal May 16] July 4/ July 16] July 7 49 
PATE sa sya Ns tee oe eestor eh June 14} July 24; Aug. 3] July 27 40 
eb Uys ree ae ee ce ee eR July 13 | Aug. 15 | Aug. 23 | Aug. 17 33 
Ye UERCTISUE cay est aenent ceo at AR NE ALSO rset am Aug. 17 | Sept. 19 | Sept. 27 | Sept. 22 33 
DPPveImbere yay cee kes eS ei i Ee Sept. 14} Oct. 29} Nov. 10] Nov. 1 45 

1913. 
ORD erae eee cee ene oS bes eae Oct. 14} Dec. 24| Jan. 14] Dec. 31 71 
INGN ene Ree ee Gee eset al a Cos Nov. 7| Feb. 7] Feb. 22] Jan. 13 92 
Detentions ses es. Soenet pee. en See Sree. ee eee Dec. 12 | Mar. 19| Apr. 10] Mar. 25 97 
a ad i pa we A yh ge ee he 
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In examining this table it must be borne in mind that the results 
given are for a particular year, and great variations are possible from 
similar months in other years. One example will be sufficient to 
illustrate this point: Durmg the middle of April, 1914, the mean 
temperature averaged about 66°, and during this time eggs of the 
tuber moth were hatching in from 8 to 9 days. Durmg the same 
period of 1915, with the average mean temperature about 59° F., the 
ege stage lasted from 12 to 14 days. All stages of the insect vary 
so greatly that it is difficult to foretell how long a generation will 

take. eta 
OVERLAPPING OF GENERATIONS. 

From the foregoing examples it is evident that all stages of the 
tuber moth exist throughout the year in Southern California, and 
consequently the broods¢an not be distinguished. Many writers have 
estimated the numbers of broods or generations by the abundance of 
moths at different times of the year. If conditions are considered, 
it may be seen that food and temperature govern this condition. In 
summer, with an abundant food supply, the insect multiplies with 
ereat rapidity, adults become abundant, and the impression of the. 
emergence of a brood is given. If plots A (p. 28) and B (p. 29) are 
compared, the overlapping of generations may be understood. 
By placing one over the other as in plot C, the shaded areas 

show the time adults are emerging. The broken lines are from 
plot B. 

Ploi_€: 

1st Gen. 2nd Gen. 3rd Gen. 4th Gen. sth Gen. 

! | Y/ 

WM YMA 

Jan. | Feb. : Mar. | Apr. | May. | June. | July. ae tone. | Oct. | Nov. Dec. 

This diagram indicates that although the generations may secure 
an even start at the beginning of the year, by late summer and fall 
the first to emerge from the fifth generation are appearing at a time 
when there are still adults from the fourth generation emerging. This 

~ explains the presence of all stages of the insect at all times of the year, 
and indicates that from the economic side a knowledge of the life his- 
tory of the moth is of little importance, except as it shows the possi- 
bilities of reproduction. 

HIBERNATION. 

During the discussion of the effect of temperature on the various 
stages of the tuber moth the impression was given that there is no 
hibernation for any length of time in southern California. This is 
surely the case under normal conditions, though possibly there is no 
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noticeable development for a few days at a time when the average 
mean temperature is low. 

Experiments were carried on in the storage rooms of an ice company 
at Pasadena to determine if low temperature acting for some time 
would kill the various stages of the moth or whether they could 
hibernate successfully. For these experiments the following stages 
were taken: Adults, pups, mature larvee in cocoons, and eggs. ‘Two 
experiments were carried on at the same time. One lot was kept at 
32° F. for three weeks, while the other lot was kept for 35 days at a 
temperature of 38°—40° F. 

The results are summarized in Table 10: 

TABLE 10.—Effect of low temperatures on stages of the potato tuber moth. 

Tempera- Scus 
Time. ture Adults. Pupe. Malule Eggs. 

(constant). ; 

PANT AV SE cee ee SOc ee Most alive and active.........- ATIVESo.- ASV ses Alive. 
ain) CEN aevomesuooancese AQ cH ees as Over half were dead...........|..- douse BeOS Samocla 2X0: 

In the cases where the various stages were alive they developed 
normally when taken from storage. In both experiments develop- 
ment was stopped in all stages while the material was in storage. 
These results show that the tuber moth may hibernate successfully 
where conditions demand it and that no development takes place 
below 40° F. Prof. Picard (83) says that no development takes place 
below 50° F. 

DISSEMINATION. 

The tuber moth is disseminated by two means, natural and arti- 
ficial. Of these two the former (by flight of the moth) is much the 
slower and, as it can hardly be controlled, is relatively unimportant. 
The most important spread of the tuber moth takes place through 
the movement of infested potato tubers. In this way the insect is 
assured of an abundance of food, and since the tubers are not allowed 

to freeze, the temperature is always favorable. In interstate and 
international shipments the moth is given every opportunity to 
spread and has probably been introduced at some time into every 
civilized country on the globe. 

It is even possible that a careful inspection will show that it is 
established in many localities where it is now unknown. This is 
especially likely to be the case in districts where the climate is cold 
and wet and therefore unfavorable for the insect’s normal develop- 
ment. 

MORTALITY OF THE STAGES. 

The mortality in the various stages must be considered from the 
standpoint of whether the insect is working on potato tops or on 
stored potatoes. Under field conditions as a leaf miner the mortality 
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is so high that an increase of the insect from this source is highly ~ 
improbable.- Rains and sudden changes in climatic conditions kill 
many of the larve, and the large number of predacious and parasitic 
enemies further reduce the numbers of the insect. The figures will 
be considered later with the discussion of natural enemies. 
When the insect attacks stored tubers the percentage of insects 

developing safely is very high. Figures show that practically all the 
eggs deposited hatch. In storage there is always an abundance of 
food and all stages are protected from most of their enemies, so most 
of the larve develop successfully. 

POSSIBLE RATE OF INCREASE. 

The theoretical rate of increase for the tuber moth is very rapid. 
Taking 150 as the average number of eggs deposited and counting 
half the adults as females, the progeny of one pair would give about 
60,000,000 adults at the end of the fourth generation. 

While this theoretical rate is seldom even approached, it serves to 
show that under favorable conditions for reproduction tle insect may 
increase to damaging numbers im a short time. 

NATURAL ENEMIES AND CHECKS. 

Where the tuber moth works as a leaf-miner on the potato tops, its 
numbers are kept down very well by its enemies and climatic changes. 
Its numerous parasitic enemies play the most important part, rains 
and cold weather probably come second in point of importance, and 
the predacious enemies last. 

In southern California the parasitic enemies of the tuber moth 
form a fine series and work on every stage. The egg and pupa each 
has its parasite, while several attack the partially grown larve and 
at least two the mature larve. 

Only three of these work on the tuber worm infesting potatoes, 
and here they are only partially effective. The burrowing habit of 
the larva protects it from parasites except while spinning its cocoon 
and pupating. Parasites are also hampered by the storage of pota- 

_toes. Altogether it is doubtful if parasites could be of practical 
importance when the insect infests stored tubers. Certainly the 
stored potatoes examined have discouraged such a belief. 

Experiments to ascertain the percentage of parasitism in the potato 
tops show that the parasites, taken altogether, are valuable in the 
control of the tuber moth. The impracticability of direct methods 
of control necessitates the use of all possible measures to limit the 
number of moths before harvest. This is well accomplished by the 
parasites, resulting in lessened injury to the leaf surface and dimin- 
ishing the number present to infest the potatoes just before and during 
harvest. 
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PARASITES. 

Parasites vary in effectiveness. During 1914 Habrobracon johann- 
seni (fig. 16) was the most effective, and the following list probably 
gives them in the order of their importance for that year: 

Habrobracon johannseni Vier. ~— Apantales sp. (Chttn. No. 2230). 

Chelonus shoshoneanorum Vier. Microgaster sp. (Chttn. No. 2230). 
Sympiesis stigmatipennis Girault. Nepeira benevola var. fuscifemora Cushm. 

Campoplex phthorimaeae Cushm. Zagrammosoma flavolineatum Cwid. 

Bassus gibbosus Say. 

During early 1915 Dibrachys clisiocampae Fitch was discovered, 
and while not so well distributed, it seems to be well fitted to be an 

Fic. 16.—Empty cocoon of the potato tuber moth (large one) and cocoons of its parasite, Habrobracon 
johannseni. Much enlarged. (Original.) 

effective enemy. Ranking the parasites in the order of their im- 
portance for 1915 would give them the following order: 

Dibrachys clisio Chelonus shosh norum. ibrachys clisiocampae Of abort equ elonus shoshoneanorum 

Symptesis stigmatipennis importance. Bassus gibbosus. 
Campoplex phthorimaeae Microgaster sp. 
Apanieles sp. (Chttn. No. 2230%). Nepeira benevola var. fuseifemora. 
Habrobracon johannseni. Zagrammosoma flavolineatum. 

The last four species in each list were relatively unimportant 
during both years in the districts from which material was collected 
for study. These were as easily reared in confinement as most of 
the others, and there seems to be no reason why they should not be 
important equally with other species which oviposit in the tuber 
larva where it occurs as a leaf-miner. 
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DIBRACHYS BOUCHEANUS RATZ.! 

This well-known and cosmopolitan secondary parasite (fig. 17) 
emerged from the tuber-moth material collected during 1912, 1913, 
and 1914, and, as shown by dissection, from both Habrobracon 

Fic. 17.—Dibrachys boucheanus: a, Larva; 6, pupa; c, adult female; d, head of larya; e, antenna of 

male, highly magnified. Greatly enlarged. (After Howard.) 

johannseni and Chelonus shoshoneanorum, the former seeming to be its 
favorite host. This species was reared from the egg in the laboratory, 
where it attacked the mature larve of its hosts after they had spun 
their cocoons. Where the cocoons were not too thick to prevent it 
from reaching its host 
the parasite would 
often feed at the 
wounds caused by its 

ovipositor. 
When reared under 

laboratory conditions 
the hyperparasites in- 
crease rapidly, but 
under field conditions 
their numbers are not 
as large in proportion 
to the host as might 
beexpected. During 
1912 and 1913 the 

reentage of ara- Fig. 18.—Zagrammosoma fiavolineatum: Adult male, wiih lateral 

eee P view of head. Much enlarged. (Original.) 
sitism ran as high as 
50 per cent in the case of Habrobracon johannseni. With Chelonus 
shoshoneanorum the average was much lower, the highest running 
29per cent. During 1914 the percentages in both cases were much 
reduced, and while greater numbers ot its two hosts were reared than 
in the previous year, Dibrachys boucheanus was noted on only afew 

occasions. 
— 

1 Chittenden No. 22309. 



mmm tm LOO 

THE POTATO TUBER MOTH. 85 

During 1915 the parasitism averaged slightly over 1 per cent, as 
two individuals of Dibrachys boucheanus were reared, while 172 
specimens of Habrobracon johannseni issued in the parasite cages. 

Three or four specimens were commonly noted in one host, and 
in the material reared under laboratory conditions a single hyper- 
parasite was rarely reared from one host. 

The following record shows the development of a fall generation: 

1913. 

October 27.—D. boucheanus parasitizing mature larvee of H. johannseni. 
November 8.—D. boucheanus larvee mature. 
November 14.—D. boucheanus larvee pupating. 
December 7.—2 D. boucheanus adults issued. 

December 8.—7 D. boucheanus adults issued. 
December 10.—4 D. boucheanus adults issued. 

December 11.—1 D. boucheanus adult issued. 

Life cycle 40 days at average mean temperature of 62° F. 

ZAGRAMMOSOMA FLAVOLINEATUM CWED.! 

During 1914 and 1915 Zagrammosoma flavolineatum (figs. 18, 19) 
was noticed issuing from cages containing some Phthorivmaea operculella 

Fig. 19.—Zagrammosoma flavolineatum: Adult female, with lateral view of head. 
Much enlarged. (Original.) 

material. Ifforts to rear it from the tuber moth were failures at first, 
so numerous tuber-moth larve were taken from leaf mines and placed 
on tubers so that there might be no danger of getting mixed material. 
No specimens of this parasite emerged in these cages, and it was 
supposed that it was issuing from some other host. 

—:: 

1 Chittenden No. 2230°, 
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Finally a parasite pupa was noted in a leaf mine with the remains of 
a tuber-moth larva. _When the adult issued it proved to be Zagrammo- 
soma flavolineatum. More experiments were carried on, using only 
material where the tuber-moth larve occurred as leaf-miners and 
were less than half grown. The parasite was seen to oviposit in 
these larve, and it was successfully reared through to the adult. 

This parasite thus far has not proved to be of much importance, 
and seems unpromising, as the adult is so slow and deliberate in its 
movements that a tuber-moth larva in a large mine can move about 
and often escape the ovipositor of the parasite. 

The following record gives the length of its life cycle: 

1915. 

August 17.—Zagrammosoma flavolineatum ovipositing in tuber-moth larva. 
August 29.—1 Zagrammosoma flavolineatum adult issued. (Male.) 
August 30.—2 Zagrammosoma flavolineatum adults issued. (Males.) 
August 31.—1 Zagrammosoma flavolineatum adult issued. (Male.) 
September 1.—1 Zagrammosoma flavolineatum adult issued. (Female.) 
September 2.—2 Zagrammosoma flavolineatum adults issued. (Male and female.) 
Liie cycle 13 days at average mean temperature of 75°F. 

- SYMPIESIS STIGMATIPENNIS GIRAULT.? 

During 1914 and 1915 tuber-moth material collected at Pasadena 
during late fall gave great numbers of a small parasite, the male of 

which (fig. 20) had 
branched antenne. 
At about the same 
time an examination 
of mines on potato 
leaves often showed 
a parasitic larva (fig. 
21) feeding extern- 
ally on a partially 
grown larva of the 
tuber moth. When 
‘these were reared 
they proved identi- 
cal with those issuing 
in the parasite cages. © 

The parasite was” 
reared with ease in 
the laboratory, and 

it oviposited readily in leaf-mining tuber-moth larvee when half grown. 
or slightly smaller. The host is soon killed and within a short time 
becomes name ees and the development of the larva is very rapid. 
When mature (fig. 22) it crawls into a corner of the mine and, without 
spinning a cocoon, pupates. 

Fic. 20.—Sympiesis stigmatipennis: Male. Much enlarged. (Original.) 

1 Chittenden No. 2230%, 
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The pupa (fig. 23) is very flat and black. Several individuals may 

issue from one host. Under field conditions about equal numbers. 

of males and females 
issued, but in the labo- 

ratory males greatly 
predominated. Mating 
takes place as soon as 
the adults issue, and 
oviposition shortly 

after. The females (see 
fig. 24) probably obtain 
moisture from the 
wounds made in the 
epidermis of the leaf by 
their ovipositors, as 
they were often noted 
after oviposition to 

Fig. 21.—Sympiesis Fic. 22.—Sympiesis Fig. 23.—Sympiesis 

back up and apply their stigmatipennis: stigmatipennis; Stig matipennis: 

mouth parts for some Immature larva Mature larva. Pupa. Much en- 

: feeding on larva Much enlarged. larged. (Original. ), 
time to the hole made of tuber moth. (Original. ) 

in the leaf. As _ the Much enlarged. 

tuber-moth larva had = ‘™#™*!) 
generally moved away by this time, it could not have been possi- 
ble for it to have obtained food from the wound in the larva. 

Fig. 24.—Sympiesis stigmatipennis: Female. Much enlarged. (Original.) 

This parasite issued in great numbers in 1914 and 1915, and gives 
promise of doing much to control the leaf-mining tuber worm. The 
following record gives an average life cycle: 

1915. 

January 26.—Tuber-moth larva parasitized by Sympiesis stigmatipennis. 
February 21.—3 Sympiesis stigmatipennis adults issued. (Males.) 



38 BULLETIN 427, U. 8. DEPARTMENT OF AGRICULTURE. 

1915. 
February 23.—1 Sympiesis stigmatipennis adult issued. (Female.) 
February 25.—3 Sympiesis stigmatipennis adults issued. (Males.) 
Life cycle 26 days at average mean temperature of about 52° F. 
Longest life cycle noted, 45 days. 

CAMPOPLEX PHTHORIMAEAE CUSHM.! 

During 1913 a very few adults of this species (fig. 25) were reared 
from tuber-moth material collected near Puente, Cal. These speci- 
mens could not be reared in the laboratory. In 1914 and 1915 
the parasite became very abundant, and was reared from tuber-moth 
larvee, proving it to be a parasite of this species. 

Fig. 25.—Campoplex phthorimaeae; Adult female, with lateral view of abdomen. Much enlarged. 
(Original. ) 

Tests under laboratory conditions showed that it oviposits in the 
tuber-moth larve only where they act as leaf-miners, and prefers those 
about half grown. The adult has been noted ovipositing both in the 
field and in the laboratory. It is so active that the tuber-moth 

1 Chittenden Nos. 2230 and 22303, 
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larva seldom escapes. The parasitized tuber-moth larva is readily de- 
tected when it becomes mature and seeks aplace to pupate. A large 
dark or reddish spindle is apparent, fillmg most of its abdomen, and the 
larva is very restless and seldom stays in one 
place long enough to spin a cocoon. Finally 
the host loses all power of locomotion and dies, 
and within a few hours the mature parasite 
larva (fig. 26) forces.its way through the skin of 
its host and begins spinning its cocoon (fig. 27). 
As the parasite larva is almost the size of its 
host, only one develops on each tuber worm. 

The cocoon is completed within a day or two. 
It is very heavy, ellipto-cylindrical in shape, 
light gray, and with a lighter band around the 

middle. The pupa, Fig. 26.—Campoplex phthori- 

removed from its co- maeac; Lateral view of ma- 
: h in fig ture larva with view of face. 

coon, 1S shown Im fg- Much enlarged. (Original.) 

ure 28. 

This parasite assisted greatly in reduc- 
ing the numbers of the tuber moth in the 
potato tops during 1914 and 1915. 

An average life cycle is given below: 

December 15, 1914.—Tuber-moth larva parasitized 

by Campoplex phthorimaeae. 
February 5, 1915.—1 Campoplex phthorimaeae adult 

issued. (Male.) 

February 6, 1915.—1 Campoplex 

phthorimaeae adult issued. (Female.) 
Fig. 27.—Cocoon of Campoplex phtho- : 

rimaeae, parasite of potato tuber Life cycle 52 days at an average 
moth. Much enlarged. (Original.) mean temperature of about 54° F. 

HABROBRACON JOHANNSENI VIER.! 

This is probably the best known parasite of the 
tuber moth, both where it occurs as a leaf-miner and 
as a pest of stored potatoes. It is well distributed, 
having been reared from tuber-moth material collected 
over most of southern California. 

It oviposits in the mature larva of the tuber moth 
after it has spun its cocoon. As many as 13 parasite eS 
larvee have been observed to develop on a single host. Fic. 28—Campo- 
The adult female is very active, but seems to prefer 27 PMlortimacne: 
to work only in the light, for the parasite has never pupa. Much en- 

been reared from material kept in darkened bins. sg ae 
The larvee may develop either externally or internally, the host 

seeming to depend on the position of the egg. After the tuber-moth 

1 Chittenden No. 22309. 
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larva has been parasitized it does not pupate, but soon breaks down 
and becomes semiliquid. : 

The mature larva spins a light but tough white cocoon within the 
cocoon of its host, thus being well protected. This apparently 

——— a 

Fic. 29.—Chelonus shoshoneanorum: Adult female. Much enlarged. 

(Original.) = 

explains its comparative immunity from the secondary parasite 
Dibrachys boucheanus. 

The adult feeds quite often at the oviposition wounds of its host. 
The adults are very hardy and the female is long lived. One female 
lived from July 19 to September 21, 1914, a period of 64 days, and in 
this time 291 adults were reared from this one specimen. When the 

Fig. 30.—Chelonous shoshoneanorum: Female ovipositing in egg of tuber 

moth. Much enlarged. (Original.) 

mortality of the stages under laboratory conditions is considered, it 
will be seen that this species is quite prolific. This female was fed 
sweetened water four times during this period. The life cycle varies 
from 10 to 38 days in length. 
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The record of a shorter life cycle follows: 

ONS: 
September 15.—Tuber-moth larva parasitized by Habrobracon johannsent. 

September 18.—Parasite larve nearly mature. : 

September 19.—Parasite larvee spinning cocoons. 

September 20.—Parasite larvee pupating. 
September 25.—4 parasite adults issued. 
September 26.—17 parasite adults issued. 

Life cycle 10 days at an average mean temperature of 78° F. 

CHELONUS SHOSHONEANORUM VIER.* 

This parasite (fig. 29) has been consistently abundant every year from 

1912 to the present time. Efforts to rear it from the larve and 

pupe of the tuber moth 
failed, and, at the sug- 

gestion of Dr. Howard, 
the insect was placed 
with eges of the tuber 
moth. Oviposition (fig. 
30) took place at once, 
the parasites usually 
feeding on the moisture 

which collected at the 
wound caused by the 
ovipositor. 

The eggs of the tuber 
moth hatched normally, 
and the young larve at 

: Fig. 31.—Larve of tuber moth para- Fia. 32.—Chelonus sho- 

Once burrowed Into the sitized by Chelonus shoshoneanorum. shoneanorum: Mature 

tuber. Later the mature Much enlarged. ( Original.) larva. Muchenlarged. 

tuber-moth larvee began ees 
to leave the tuber and start their cocoons. Some of the larvee ap- 
peared restless and darkened spindles were noticeable in their bodies 
(fig. 31), quite similar to those in the case of Campoplex phthorimaeae. 
None of the larve pupated, and soon the mature parasite larva (fig. 32) 
emerged and spun its white cocoon within the cocoon of its host. 

This parasite promises to be of value in controlling the tuber moth 
in the field. It apparently does not work in darkened bins. 

The life cycle is divided as follows: 
1914. 

July 26.—Tuber-moth eggs parasitized by Chelonus shoshoneanorum. 
July 31.—Tuber-moth eggs hatched. 
August 16.—Chelonus larve mature. 

August 18.—Chelonus larve pupating. 
August 26.—1 Chelonus adult issued. 
August 27.—3 Chelonus adults issued. 
August 28.—2 Chelonus adults issued. 

Life cycle 31 days at an average mean temperature of about 72° F. 

1 Chittenden No. 22309. 
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BASSUS GIBBOSUS SAY.! 

Bassus gibbosus (figs. 33-35) attacks the half-grown tuber worm 
in leaf mines. Like Zagrammosoma flavolineatum, it is apparently of 
minor importance, and probably for the same reason. 

Adults placed on potato leaves containing larve of the tuber moth 
attempted oviposition, but frequently without success. The parasite 
is rather slow in oviposition, and the larva within the mine is given 
opportunity to escape the ovipositor. 

Fig. 33.—Bassus gibbosus: Adult female. Much enlarged. (Original.) 

This parasite appears in the greatest numbers during the late fail 
and winter. For this reason its life cycle is of rather long duration, 
as the following record shows: 

1915: 

February 8.—Tuber-moth larve parasitized by Bassus gibbosus. 
April 2.—1 parasite issued. (Male.) 
April 3.—1 parasite issued. (Iemale.) 
April 7.—1 parasite issued. (Male.) 
Life cycle 53 days at an average mean temperature of about 53° F. 

The parasite seems to be well distributed throughout southern 
California. 

1 Chittenden No. 2230. 



THE POTATO TUBER MOTH. 43 

APANTELES SP.! 

This small active parasite (figs. 36-38) was not observed until 

1914, and seems quite scarce except in the vicinity of Pasadena. 
The half-grown leaf-mining tuber- 
moth larve are attacked. When 
the parasite has discovered a leaf 
mine, it cautiously examines it until 
it has located the position of the tu- 
ber-moth larva. The parasite then 
quickly inserts its ovipositor in the 
mine. In case it strikes the larva, 

it oviposits; otherwise it quickly 
withdraws its ovipositor, inserting 
it again in a new place. This is 
repeated until the larva is parasi- 
tized, although the difficulty in lo- 
cating the larva may require a sec- 
ond examination of the mine. 
Should the parasite discover a larva, 
however, it seldom leaves until it 
has been successful in oviposition. 

This Apanteles is a most promis- 

Fig. 34.—Bassus gibbosus: Fic.35.—Bassus gib- 
Mature larva. Much DOGMA S Iw). 

enlarged. (Original.) Much enlarged. 
(Original. ) 

ing parasite. The record of an average winter life cycle follows: 
oy ~ 

Fig. 36.—A panteles sp. (Chttn. No. 223007), a parasite of the potato tuber moth: 

Adult female. Much enlarged. (Original.) 

1915. 

January 25.—Tuber-moth larve parasitized by Apanteles sp. 
March 3.—1 adult Apanteles sp. issued. 
March 5.—2 adult Apanteles sp. issued. 

(Female. ) 

(Males. ) 

March 6.—1 adult Apanteles sp. issued. (Male.) 
Length of life cycle 37 days at average mean temperature of 53° F. 

1Chittenden No. 223097. 
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MICROGASTER SP.} 

This, the most active parasite attacking the tuber moth, pre- 
fers half-grown leaf-mining larve. This parasite seems the best 
fitted naturally to be a dangerous enemy of the tuber moth, butdur- 
ing three years’ observation has not reached expectations. 

The adults (fig. 39) are readily reared at any time from late summer to 
spring, but never in large numbers. The adult has the shortest length 

of life of any observed. Even when fed, 
only one individual lived as long as 11 days. 
It seems to be fairly well distributed through 

the San Gabriel Valley. 
The record of a typical life cycle follows: 

1915. 

August 18.—Tuber-moth larvae parasitized by Micro- 
gaster sp. 

September 3.—1 adult issued. (Male.) 
September 4.—2 adults issued. (Male and female.) 
September 6.—1 adult issued. (Male.) 

Life cycle 16 days at anaverage temperature of 73° F. 

DIBRACHYS CLISIOCAMPAE FITCH.” 

Fig. 37.—Lateral view of mature The last well-ascertained parasite of the 

No 2800), with view of fan a, tuber moth was Dibrachys clisiocampae 
left below. Much _ enlarged. Fitch. During 1913 one fe- 

pene) male was reared from tuber- 
moth material, but could not be bred through, and as 
no more issued, it was given up. 

In the winter of 1914 specimens were captured on 
potato foliage, and it was later noticed breeding on 
stored potatoes in the insectary. The parasite ovi- 
posits in the mature larve in cocoons, and in pup 
and issues from both stages, but usually from the 
mature larve. This parasite works both in the field 
and in storage. It seems to prefer piles of potatoes, 
working all through them, and also has been noted to yf 
oviposit in dark bins. The egg is shown in figure 40. re. 38.—A panteles 

The adult (fig. 41) is persistent, and if driven away =P. (Chtin. No. 
; : 2 i mnie : 223007): Lateral 

from a cocoon will return again and again until 1t Ovi- — view of pupa. 

posits. Fourteen mature larve (fig. 42) haye been Much enlarged. 
: (Original. ) 

reared from one host. These pupate (see fig. 43) with- 
out spinning cocoons, and within the cocoon of their host. The 
parasite does not seem to be very well distributed, having been 
found only in Whittier and Pasadena, Cal. It seems at first glance 
to be the most effective parasite of the tuber moth, but probably this | 
is not the case. It is not as effective a: others under field conditions, 

1 Chittenden No. 22309, 2 Chittenden No. 223099. 
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Haehinety ap SY 
eatin SON Tay 

Fic. 39.— Microgaster sp., a parasite of the potato tuber moth: Adult female. Much 

enlarged. (Original.) 

Fig. 40.—Dibrachys clisiocampac: Egg, lateral view. Greatly enlarged. (Or ginal.) 

Fig, 41,—Dibrachys clisiocampae: Adult female. Much enlarged. (Original.) 
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and on stored potatoes conditions are such that any parasite is of 
doubtful value. In addition, it seems to have one unfortunate habit, 

that of becoming at times a hyperparasite on Campo- 
plex phthorimaeae. This habit is so unusual, however, 
as to be unimportant. 

The record below gives the length of a life cycle: 

1915. 

August 8.—Tuber-moth larve parasitized by Dibrachys clisio- 
campae. 

August 16—Parasite larve mature. 

August 18.—Parasite larve pupating. 

August 25.—4 parasite adults issued. (Male and female.) 
August 26.—7 parasite adults issued. (Male and female.) 
August 27.—1 parasite adult issued. (Female.) 

Length of life cycle 13 days at an average mean temperature of 
7o° F. 

OTHER PARASITES. 

Other parasites ' were reared from time to time in 

a rer ag small numbers from tuber-moth material collected in 
clisiocam pae: Ma- : = 
turelarva. Much the San Gabriel Valley. They never became at all 

enlarged. (Orig common. Efforts to rear them in the laboratory have 
nal.) 

been unsuccessful thus far. Both have been seen on 

occasion to oviposit in small leaf-mining tuber-moth larve, but no 
parasites have issued, and so they have not as yet been proven to be 
parasites of the tuber moth. 

NEPEIRA BENEVOLA VAR. FUSCIFEMORA CUSHM.? 

For some time this parasite (fig. 44) was considered 
identical with Campoplex phthorimaeae Cushm. The 
differences noted seemed to be variations within the 
species. While Mr. Cole was making drawings of the 
parasites, henoted that there were threeseparate types. 

Nepeira benevola var. fuscifemora Cushm. closely 
resembles Campoplex phthorimaeae, both in appear- 
ance and life history, but has never become as abun- 
dant as the latter. It oviposits in half-grown leaf- 
mining tuber-moth larve. 

Larvee parasitized November 12 have given adult 
parasites December 12, a length of life cycle of 30 
days, at an average mean temperature of about 63° F. 

Fig. 43.—Dibrach:'s 

clisiocampae: Pupa, 

lateral view. Much 

enlarged. (Origi- 

nal.) 

PERCENTAGE OF PARASITISM. 

The percentage of parasitism has fluctuated so 
greatly in the time it has been under observation that 
it is difficult to give even approximate figures. The lowest parasitism 
noted was 40 per cent and the highest was 95 to 100 per cent. The 

1 Chittenden Nos, 22309 and 223001, 2 Chittenden No, 22302, 
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parasites are undoubtedly of value in limiting the increase of the tuber 
moth while it works in the tops, thus decreasing infestation of the tubers. 

Fig. 44.—Nepeira bencvola: Adult female. Much enlarged. (Original.) 

A review of the parasites shows that they attack the tuber moth 
under the following conditions: 

On leaf-mining tuber moth. On storage tubers. 

12230". Zagrammosoma flavolineatum. 
2230. Sympresis stigmatipennis. 
2230" and 2230°. Campoplex phthori- 

maene, 
2230". Habrobracon johannseni. 1 293094, Habrobracon johannseni. 
2230. Chelonus shoshoneanorum. 1 9230. Chelonus shoshoneanorum. 

1 2230°. Bassus gibbosus. 
2230". Apanteles sp. 

1 2230°8. Microgaster sp. 
2230. Dibrachys clisiocampae. 12230. Dibrachys clisiocampae. 

12230. Nepetra benevola var. fuscifemora. 

1Of doubtful importance. 

PREDATORS. 

Predacious enemies of the tuber moth appear economically unim- 
portant and will be considered very briefly. 

Truphleps insidiosus Say and the larva of Chrysopa calif ornica Coq. 
have on a few occasions been noted to destroy the eggs and newly 
hatched larve. As both these insects prefer aphids to the tuber 
moth, and as aphids are generally present on the potato tops, it 
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seems that the destruction of the tuber-moth eggs and larve is more 
accidental than natural. 

Several species of spiders which are found in the fields spin webs in 
which dead tuber moths have been noticed, and in a few cases the 
spiders have been observed killing moths caught in the webs. 

ARTIFICIAL CONTROL. 

INDIRECT METHODS, GOOD FARMING. 

A study of the literature of the tuber moth shows that many writers, 
beginning with Capt. Berthon (1), have recommended good farming 
and careful harvesting and storing of tubers as the best remedies 
against the tuber moth. The powers of reproduction of this insect 
have given weight to these arguments, and a study of cultural methods 
in relation to tuber-moth infestation has proved the correctness of 
their recommendations. 

Through the kindness of Mr. S. S. Rogers, of the University of Cali- 
fornia, the writer was enabled to compare the results of different cul- 
tural methods. The test field, situated near Van Nuys, Cal., had 
every concéivable variation in culture. Planting depth varied from 
2to16inches. Each plat contained both flat and ridged culture and 
was harvested in three parts, so that each variation in culture had 
early, medium, and late harvesting. 

The results may be briefly summarized as follows: 
Taking the entire field as an average, the percentage of infestation 

in the plats having ridged culture was 8 per cent less than in those 
having fiat culture. 

In the same way the plats harvested early had 4 per cent less infes- 
tation than those harvested at the medium period and 9 per cent less 
than those harvested late. | 

In the experiments with depth of planting results were even more 
striking. In the plats planted 2 inches deep (many tubers were ex- 
posed) the vines were dead, and the percentage of infestation of the 
tubers varied from 98 to 100. From this the percentage of infestation 
became steadily less, as the depth of planting was increased, until at 
a depth of 6 inches a minimum was reached, several plats giving ~ 
entirely clean potatoes and the average of infestation being low. In 
the plats where deeper planting was used, the potatoes seemed to grow 
as near the surface as where 5 to 6 inches planting depth was used, 
and consequently there was no difference in freedom from the moth. 

Results from the experiments as to time of planting varied so 
greatly that it was evident several other factors have more to do 
with determining infestation than the time of planting. The same 
might be said of the variety test, except that the tubers of varieties 
where the vine stayed green the longest suffered least from the 
moth. e 
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On an average the results show the value of the recommendations 
given for fighting the tuber moth by culture. 

These may be stated as follows: 
(1) Plant as deep as practicable (5 to 6 inches). 

(2) Use ridge culture, 7. ¢., ridge the rows (fig. 45). 
(3) Harvest as early as possible. 
(4) Harvest before the potato tops become so dry as to drive the 

partially grown larvee to descend and work on the tuber. 
In harvesting the tubers, several rules must be followed to keep 

the tubers from infestation: 
(1) The sacks should never be covered with potato tops, as the 

larvee leave these when they wilt, and enter the potatoes. 

Fig. 45.—Potato field showing careful hilling. Walker, Cal. (Original.) 

(2) The sacks should be sewed as soon as possible and hauled 
from the field. 

(3) Potatoes should never be left in the field or exposed to the 
moth over night. 

(4) All cull potatoes should be gathered up within two weeks and 
either fed to stock at once or destroyed. If left in the field they are 
a menace to the neighbors, and to the grower himself, for the follow- 
ing crop. 

After the potatoes are harvested they should be marketed at once, 
unless the grower has storage facilities and is willing to take the 
trouble to treat the potatoes. 

While there are good reasons for destroying the potato vines yet 
there appear to be even better reasons for not doing so. Destroying 
the potato vines kills all stages of the tuber moth within, but it also 
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kills the parasites. The tuber moth is more apt to pupate under 
clods and rubbish in the field than are any of the parasites, hence 
the destruction of potato tops would be a more serious check to 
the parasites than to the tuber moth. It seems that if growers 
destroy waste tubers and keep the rest protected so that the tuber 
moth must breed on potato tops, the parasites will keep the tuber 
moth from becoming dangerously abundant. 

DIRECT CONTROL METHODS. 

Experiments were made to determine a cheap practical method of 
treating tubers infested with the tuber moth. As the tuber takes up 
odors and flavors readily, and retains them for indefinite periods, 
only a few methods were tried. 

The only promising unobjectionable applications tested were for- 
malin dilutions and water used as dips, and carbon disulphid and 
hydrocyanic-acid gas as fumigants. Of these four, the only one which 
was at all successful was carbon disulphid. 

Carbon disulphid naturally has many advantages as a fumigant 
for potatoes. It does not injure the tubers, it can be applied for 
long periods and thus penetrate thoroughly, and finally, it is heavier 
than air and if liberated at the top will go entirely through a pile to 
the floor. Various dosages and periods were used for fumigation, 

but it was early apparent that for all-around results the material 
should be used at the rate of 2 pounds to 1,000 cubic feet, and fumi- 
gation should last 48 hours. At this strength the larve and adults, 
and practically all the pup and eggs, will be killed, and the long 
exposure to the vapor insures thorough penetration. 

If potatoes are to be stored they should be fumigated promptly. 
Cheap gas-tight bins may be made by lining temporary structures 
with tarred paper and painting the seams. If the tubers are notice- 
ably infested the fumigation should be repeated in a week in summer, 

or in two weeks in winter. Careful watch should be kept, and if the 
tuber moth is still working, another fumigation should be given. 

In fumigating with carbon disulphid the liquid should be placed 
on top of the sacks in shallow tin pans, and care should be taken not 
to expose the gas to fire, as it is explosive when mixed with air and 
ignited. 

OTHER REMEDIES. 

TRAPPING THE ADULTS. 

As the adult is attracted to light, some authors recommend trap- © 
ping with lanterns. This remedy is of questionable value, as not 
all the adults could be trapped, and there is much doubt as to whether 
the numbers could be sufficiently reduced to make a difference at 
harvest time. In this connection it must be remembered that it is the 
multiplication of the insect in storage that causes practically all the 
loss. 
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QUARANTINE. 

Quarantine as a method of keeping out the tuber moth has 
attracted considerable attention in the Western States in recent 
years. A quarantine of one district against another when the 
tuber moth is established in both places is of little value, as the 
numbers of this insect in any one year are not influenced as greatly 
by its numbers the preceding year, or by any that might be introduced, 
as by food and climatic conditions. The great interstate shipment of 
potatoes throughout the West proves that the potato question is a 
factor which affects many of the people living in those States, and 
a hasty or ill-advised quarantine might cause losses which would 
more than offset any advantages to be gained from it. 

In conclusion it should be said that while the tuber moth is always 
a menace in warmer climates, it is by no means a fatal potato pest, 
and its damage, if not totally eliminated, can at least be minimized 
by rational farming methods and a knowledge of the habits of the 
insect. For this reason whenever there has been an outbreak of the 
moth in anew district the conditions! in this district should be studied 
and means devised to prevent a recurrence of injury. 

~ SUMMARY. 

(1) The tuber moth injures the potato by destroying the leaf 
surface and tunneling in the substance of the tuber. 

(2) Its life history is variable, but in southern California all the 
stages exist at all times of the year. 

(3) The numbers of the msect should be reduced by practicing 
good farming and leaving no tubers exposed for the insect to work on. 

(4) Potatoes should be harvested and marketed as rapidly as possi- 
ble, unless the grower has facilities for storage and is prepared to 
treat the potatoes if necessary. 

(5) Once the tubers become infested the best way of ending the 
damage is to fumigate with carbon bisulphid, using 2 pounds to 1,000 
cubic feet of air space (measured before storing the tubers) and allow- 
ing 48 hours for fumigation. 

(6) Clean or uninfested potatoes should be kept away from the 
moth. 

(7) Potatoes should never be left in the ground after they are 
ripe and where the soil is dry. 

(8) When tubers are infested and facilities are lacking for storing 
in bins, the progress of infestation can be checked by holding the 
potatoes in cold storage. The temperature should be about 37° to 
40° F. This should be adopted only as a temporary method in 
keeping potatoes from deteriorating in value while they are being held 
for a rise in price. | 

1 This refers especially to various methods of storing potatoes. 
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