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WASHINGTON, D. C.

'‘BIOLOGY OF THE INDIAN-MEAL MOTH
ON DRIED FRUITS IN CALIFORNIA

By J. C. Hamuin,! Asecciale Entomologist, Division of Cereal and Forage Insects,
W. D. Resp, Associcle Entomologist, and M. E. Parnrtes? Assistant Enfomolo~
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INTRODUCTION

The Indian-mesl moth (Plodia interpunciells Huebner) ? iz one of
the most destructive pests attacking dried fruits in storage in Cali-
ia, It has been found in varymg numbers in every dried-fruit
%I;ing egtablishment examined.
economic investigation of the insect pests of dried fruits in
Collifornis was undertaken in July, 1922. The generasl remedial
riehsures nesded were quite obvious in view of the conditions of
storage, state of enfomological sanitation, and packing-house routine
ehxbuntered, and varied control experiments under different condi-
{i0hs were promptly initiated.

Later, in September, 1925, & study of the biology of the Indian-
mesl moth was undertaken to reveal any unusual features of its life
which m.i%ht be valuable from the contro] viewpoint, to determine

its rate of multiplication, and to supply the literature with much-
needed information on the life history of this important insect.
During this study, which was completed in June, 1927, raisins,
prunes, and figs were used as food.

* Droetur Hamlin, who wag in charge of dried-freil insect inveatigations in the Division of Stored Product
Insects from July, 1924, to July, 1927, outlired and divected the study hersin reported.

! Mr. Phillips was in charge of dried-fruit insoct investigations from June, 1922, to November, 1923,
when he resigned on aecount of i healtk. ‘The descriptions of the steges of $he insect snd velzebls ohsarve-
tiong uzed in this bulletin are drawn from his work,

1 Order Lepidopiers, family Phyeitldae.

43631—31—-1
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Fresno, Calif., the center of the driad-fruit industry of the United
States, waas selected as the scene of operations. Fresno is situated
in the San Joaquin Valley, an exténsive district having unusual con-
ditions of temperature and humidity. The summer temperatures
are among the highest in the country, with s wide daily range,
whereas the winter temperatures are moderate. Atmospheric mois-
ture is extremely low during summer and extremsly kigh in winter,
its range between these seasons being greater than thai in any other
district of the United States. These conditions combine to make
the valley suited to dried-fruit production and are likewisa important
factors in insect development,

HISTORY AND DISTRIBUTION

Working in the Sacramento Valley, the climate of which is very
gimilar to that of the San Joaquin Valley, Parker (20)* published in
1815 brief notes on the biology of the Indian-meal moth, As early
as 1895, Chittenden (4, p. 285) had recorded the species as a pest of
dried fruits, and since that time further mention of its relationship
to dried fruats has been made by De Ong (6, 7), Essig (10; 11, p. 712)
and Fovett (19).

The identity of the Indian-meal moth has been confused in many
early citations, so that references to it can not always be separated from
those relating to Fphestia kuehniella Zell.,, the Mediterranean flour
moth. This confusion led to an article by Riley and Howard (22)
in 18890 setting forth the distinguishing characters of the two species.
Plodie interpunctelle was fivst described by Huebner in 1827 (6,
Pl. 45). 1t was redescribed by Fitch (12, p. 820) in 1856 under the
aame of Tinea zeae, and by Gregson (14, p. 318) in 1873 as Ephestia
roxburghit. Since that time it has also been known under the names
of Eplestie zeae and Hphestia interpunclella.

Fitch was the first to refer to this species ss the Indian-meal
moth, giving it this name because he found the larvae feeding in corn
meal. Other common names, such &8s peach worm and pantry moth,
have been used by different writers. .

The Indian-meal moth is & native of the Old World. Hulst (17,
p. 201) says that it is found everywhere, and indeed its food habits
and adaptability to varying conditions have assured an almost
universel distribution.

DESCRIPTION OF STAGES OF THE INDIAN-MEAL MOTH
THE EGG

The egg v grayish-white, ranging from 0.3 to 0.6 millimeter in length and almost
perfectly ovate. The surface, a8 geen through the binoculnr mierescope, showe a
granular texture which diffracts light in many colors. The wall itself is not
wholly opaque, as the developing larva may often be seen inside.

THE LARVA

The larvae vary much in size and coloration, When full grown they average
about 13 millimeters in length but range from about 9 to 19 millimetets. Most
epecimens are a dirty white, but ntany vary toward a pinkish-brown or greenish
};ingf;le. These color variations are doubtless due in large part $o the nature of the

ood.

The well-defined prothoracie ghield is pale brown and is distinetly divided into
lateral halves by a line of lighter ¢olor. The anal segment bears a dorsal plate
of about the same color as the prothoracic shield. Ter abdominal segments are

{ Jtilie pumbora in parenilieses rofer Lo Litornture cited, p. 28,
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present, the third to the sixéh, and the last, sxch bearing a pair of shart prolegs.

Theae are gonieal and wrmirate in ap oval fringe of hooklets, Spiracles are

;&;esent on the prothorax and on each abdominal segment except the nirth snd

nth. The whole body is apsreely covered with iong, fine hairs. The skin

sarface of the larva is slightly granuler., Newly batshed larvae are only slightly

over 1 millimeter in longth, and this, together with thefr 4ransparency, venders
them very inconspicucus to the unaided eye.
THE PUPA

The light-brown pups has u glossy surface thwoughout, the sutures being
marked by fine lines of a darker color. Generally the posierior half iz darker.
During the early part of the period, the pupa is straw colored on the veniral
surfacc and aleng the sides, ranging to light brown on the dorsal surface. In its
later development there is & genersl darkening, especially in the wing regions,
which become almost black just before emergence, The developing eompound
eyes are large and prominent, first showing dark brown and gradually changing
to black. The pupae range in length from gbout § to 11 mmn, .

The pupae are ordinarily inclosed in silken cocoons, but naked individuals sre
oceesionally found.

THE ADULT

The adult insect is of moderate size and distinctive coloration. The average
wing expanse is about 16 mm. The basal half, or a liitle lese, of the fore wings
is & silvery white or gray with oceasional minute dark spots; the outer portion is a
reddish bronze with irregular dark bands. The hind wings are uniformly siiver
gray with a long silky fringe. This fringe is much longer on the inper margin,
and its base shows a narrow band of lighter coloy, giving it a detached appear-
ance. The abdomen is much the same color as the hind wings, snd the thorax
somewhnt darker with s cloak of reddish scales anteriorty. '"The hind tibise are
robust. The slightly fapering antennae are slender and measure nearly two-
thirds the length of the body.

This woth is easily distinguished from others of similar habits, with the possible
exceptions of Ephestia buehnielle Zeller end F. cuutelle Whalker; but these species
are less strikingly marked and present much less color confrast in the fore wing.
In cases where the color pattern of the wings does not suffice for distinguishing
the species, the generic differences in the palpi provide an excellent means of
separating the Indinn-meal moth from the other two species, In the former
the palpi exiend forward horizontally and with a fuft of scales form a sort of
beaklike cone about the length of the head, whereas in Ephestia they sare erect,

FOOD HABITS

The Indian-mesl moth is one of the most general feeders among
insects attacking stored products. It has been reporied as feeding
upon grein and grain products, garden seeds, greham creckers, dried
fruits, preserved fruits, nuts, edible acorns, dried vegetables, dande-
lion Toots, garlic heads, dried botanical specimens, dried insects,
beebread, yeast cakes, powdered milk, spices, ¢cinnamen bark, cacao
beans, sweetened chocolate, chocolate marshmallows, and ochercandies,
Larvee introduced Into a jar containing raisins, dates, dried peaches,
apricots, and figs became uniformly distributed througbout the mass,
with the exception that the raisins were somewhat less attacked.

Several instances of cannibalism have been observed. Most of the
individuals fed upon were pupse or quiescent larvae in cocoons. 'The
attack on pupse was more commeon, the contents of the abdomen
being partially or entively consumed. These cases of cannibslism
occurred mainly in crowded rearings, and it is doubtless infrequent in
nature except in packing houses supporting very heavy larval infesta-
tions, such as prevailed at Fresno 1n 1926 and 1627.

Immediately after hatching, even upon suitable food, the tfiny
larvae begin to disperse. Within a few hours they begin feeding and
establish themselves in various ways upon different types and con~
ditions of dried fruits, On raisins and prunes they place themselves
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in crevices of the wrinkled exterior, where they puncture the skin and
feed superficially within or near & tunnellike cese formed of frass
thrown out and webbed together with silk. An individual may con-
gtruct more than one such tunnel. On processed figs, also, which are
relatively soft and moist and form & compact mass, the attack is
made chiefly upon the exterior in small erevices between individual
figs. Thus the insect is essentially & superficial feeder, slthough on
processed raisinssmall larvae occasionally enter at the point from which
the stem has been removed and burrow into the center of the berry, and
slso on stored raw-stock figs they enter through the‘“eye’’® of the fruit,
which is externally tough and dry, and infest chiefly the interior.

After feeding is cormpleted the grown larvee crawl to the surface of
masses of dried fruit stored in piles or in bins, where they are con-
spicuous against s dark background. Some larvae spin cocoons near
the surface of the fruit mess, and others in near-by cracks of bins,
walls, stored box shooks, and elsewhere.

NATURE OF DAMAGE

The Indian-mesl moth causes serious losses to the dried-fruit
industry each year. These losses arise not so much from the quantity
eaten by the insect as from the lowering of quality and the extra
expense involved in processing the fruit before 1t is marketed. Fruit
infested by this species not only contains living worms, but is increas-
ingly polluted by excrement, cast skins, webbing, dead individuals,
and often the cocoons of parasites. Back and Cotton (7, p. 25) have
iHlustrated webs spun en corn made by well-grown larvae. Production
expense is increased by the need of fumigation and the extra handling
involved, and sometimes great loss results from the rejection or seizure
of shipments. .

Beyond these more or less direet losses is the greater, though less
tangible, detriment to the industry through curtailment of the market
for dried fruits by public discrimination against wormy fruit {8).
Even o fow larvae in a package may by their profuse webbing give
to the contents a very repulsive appearance. These contaminated
packeges are usually not returned, the housewife discerding them
and teldng the immediate loss. These, however, become practically
direct losses to the dried-fruit producers through subsequent discrimi-
nation against the brand involved.

During & period of ¢xceptional abundance of the Indian-mesal
moth in the spring of 1927, figs in carried-over crops from three
packing houses showed contemination by this species atone of 12, 19,
and 28.2 per cent, with an average of 18 per cent. Lovett (19, p. 119)
reported that English walnuts held in storage for eight months have
developed es high as 95 per cent infestation. Such injury results
in serious loss to the owners of the infested material.

PLAN OF BIOLOGICAL STUDIES

Before undertaking the biological study it had been noted that much
variation in the intensity of infestation existed between different |
packing houses. These differences were due in part to conditions of
handling and storage of the fruit, and appeared also to be related to

#Ths entire fig |5 & modlfied hollow stem hearing the fowers on the inside, and the secalled oye Is the
orifice st the onter end of this infloresgance receptacle,
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the ldnd of fruit stored. Figs seemed to be mors abundantly infested
by this species than the other dried fruits. Accordingly the study was
designed to reveal differential rates of development on raisins, prunes,
and figs, these being the more important products in the San Joaguin
Valley: as well as the rate of multiplieation of the species and its
life history and seasonal relaticons.

For convenience in determining the rate of multiplication the suc-
cessive generations ® were segregated in the laboratory. Thus, except
in one instance, rearings for each generation were made from among
the earlier emerged moths of the preceding generation. But, while
useful for determining theoretical increase, the generational data are
of secondary prectical importance, sincs thers is no separation of
generations in nature. The data are therefore arranged primarily
w'th reference to sessonal conditions.

The study was initiated with larvae hatched in the fall of 1925,
which were reared through the winter in individual containers. In
the spring of 1926 zeveral of the earlier emerged female moths were
mated shortly after emergence with males that emerged at very
neatly the same time. Records were made of the longevity of mated
gairs, the daily deposition of eggs by individual females, and of the

atching of the daily lots of eggs laid by each female. This general
procedure was followed in all of the subsequent laboratory generations.

Thedried fruits used as food in this study were seedless raisins, prunes,
and Calimyrna figs {(commercial name for the Lob Ingir or common
Smyrna fig as grown in California), all processed. The data on raisins,
being most complete, are presented in detail and comparison is made,
where warranted, with the corresponding data on prunes and figs.

‘When moths from 2 particular generation and fruit were unobtain-
able, others of similar genecational status from parallel or bulk
rearings on the other fruits were substifuted.

The excessively low humidity in ths open air during the summer
in the San Joaqun Valley is doubtless tempered somewhat within the
mssses of drieﬁ fruit, near the surface of which the larvae live, It
was not practicable, however, to provide such masses of fruit in the
individual laboratory rearings. Therefores, all rearings were conducted
in a tightly closed laboratory room in which the atmospherie moisture
was slightly increased by evaporation from & water surface of approxi-
mately 2 square feet, Effort was made to maintain the relative humid-
ity at about 40 per cent, and this was fairly closely approximated.
This precedurs was employed frorm April 15, 1926, when the natural
bumidity began to deerease severely, until the following fall, when
the outside humidity again increased above 40 per cent. The tempera-
tura in this room deviated but slightly from that in the other, un-
humidified, parts of.the laboratory.

The temperature and humidity in the rearing room were recorded
by a hygrothermograph. Both conditions have been recorded in
the accompanying tables, but, since the relative humidity varied
inversely with the temperature, only the latter factor will be mentioned
in discussing the various activities of the insect.

REARING METHODS

Oviposition and hatching took place in “capsule vials,” 4% inches in
length and 1 inch in diameter, fitted with compression metal caps.
In each vial a pair of moths was confined with a small quantity of

2 Tha torm “genoration’ refers to a complets egg-larva-papa-adult eycle.
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uninfested fruit for.one day. On the following day the fruit was ex-
amined for eggs, and if any were found it was replaced in the same vial,
which then served as an incubation cage. The moths were transferred
to -a similar vial for the succeeding day’s oviposition. A covering of
batiste, & thin, closely woven cloth, held in place by a rubber band
now replaced the metal cap. The counting of eges was facilitated.
and danger of their displacement lessened by handiing the prunes and
figs with forceps end by impaling the raisins upon insect pine.

Hatching records were made by daily count and removal of all
larvae from the incubation vials. Examination was discontinued
after 21 days from the initial hatching in each instance because if, was
established that eggs not hatched in that interval became so severely
shriveled and discolored as to preclude the possibility of hatching.

Larvel rearings were established with newly hatched larvae from the
incubation vials. The larvae were confined with fruit in white,
opaque glass jars 2 inches deep and 2 inches in diameter, fitted with
metal screw tops.

SEASONAL HISTORY

The Indian-meal moth passes the mild California winter in the larval
stage in unhested situations. The rate of development isirregular, the
lervae ranging from one-eighth to five-eighths of an inch in length by
midwinter, when sll become inactive for & period of approximately three
weeks. Pupation of the overwintered larvae begins early in March and
ends du:fiﬂic;l the latter half of May, the adults emerging from late
Merch to the end of May. Eggs laid by the moths that were among
the first to issue in the spring hatched, and the larvae from these ma-
tured during the latter half of May. Thus at the very outset there
i1s opportunity for the mixing of generations, since both the more
retarded overwintered individuals and the more advanced ones of ths
first summer generation issue as adults during the latter half of Msy.

This irregularity of development obtains with succeeding genera-
tions, with the result that in nature the generational status of in-
dividuals is thoroughly confused. All stages of the insect may be
found in stored.dried fruit from spring to fall.

All eggs hatehing as late as June produce adults the same summer.
Of those which hatch later, an incressing percentage, and virtually all
of those hatching in the fall, overwinter as larvae and produce the
spring brood of moths the following year.

In the fall of 1925, individusl rearings were sterted with newly
hatched larvae on raisins, prunes, end figs, 200 on each fruit. These
larvae hatched in the period from September 25 to October 3.

The overwintering larvae were examined five times &t approximately
3-week intervals from December 9, 1925, to March 3, 1826. When
examined January 20 to 22, 1926, all were inactivo and were of ap-
proximately the same size as when exemined December 31, 1825, to
January 2, 1626, at which #ime also nearly all wers insctive. The
mean temperature between these exsminations was 47° F. There
is thus & period of at least three weeks in midwinter when the larvae
do little, if any, feeding. Some of the inactive larvae were in cocoons,
wherees others were dormant in their feeding tunnels. Bioletti
(2, p. 8) has said, “*It is probeble that the insect passes the winter in
this [the pupal]} stage, but in warm situations the larvae may live
over the winter.”” The writers have observed no pupae overwintering.
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The rate of development was very uneven. Thus, on March 3,
1926, a considerable percentage of Iarvae on each fruit was only one-
fourth inch in length, and on prunes one individual was one-eighth
inch long, while the great majority on each fruit were from three-
eighths to one-half ine%‘, and a very few specimens five-eighths inch in
length. The larvae feeding on figs averaged slightrlg larger at each
examination than those on raisins and prunes. This mors rapid
development on figs is discussed on page 17.

PUPATION OF THE OYERWINTERED LARYAE
Table 1 shows the dates of pupation of the 293 overwintered in-
dividuals which Iater produceg adults. This table also shows the
cumulative percentages which had pupated on each date of the pupa-
tion period, extending from March 6 to May 20, 1926. The great
majority of these larvae pupated during March.

Tasus 1.—Pupation of overwiniered larvae of the Indian-meal moth reared on raising,
prunes, end figs, Fresne, Calif., 19261

Pupation record

Reared on ral- Roared on Pearad on fAgs:

sins: Larvae | prunes: Larvae | Lacvae batched

hatched Sept. | “hatehed Bept. | 8spt. 30-Oct. 3,
2526, 1926 26-30, 1823 1925
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Date of pupation 1
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lative bar Intiva lative
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E
pupgatad pated pupated pated pupated
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]

TBYBRNEDERBRR

Per eent
ki
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i3
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1 Approrimately 5 por cant of thess which pupated did not emerge. ‘Thess have been omitted,
1 Dates on which ne¢ larvee pupated bave been amitted from the table,
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From Table 1 it is also apparent that pupation of individuals resred
on raisins lagged considera}il) y behind that of larvae reered on prunes
and figs; for instance, on March 31, over 93 per cent of the latter had
pupated as compareti with 76.3 per cent of the former.

EMERGENCE OF SPRINZ ADULTS

_Table 2 shows the emergence of spring adults resulting from over-
wintered individuals. Here it is seexn that emergence was very uneven,
being spread over a period of two months.

TasLr 2.—Emergence of apring adulls of tha Indian-meal moth, Fresno, Calif., 1928

Emergenos of spring adults from larvas reared on—

Daily temperstura

Ruoisins Prunes Flgs
Date of
GIIErgencs 1

Cumula- Cunluia- Cumula-
Numberitive per-] Number|tive per-| Number|tive per- Minl-
emerged | celioge | emerged| cenlnge | omerged; centago mum
an.ciged emerged emerged
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12, -
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3 S
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R ENENERNB R E P
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FRBER
GRS

P R E RS D D 0 G e O B G T G0 O £ O O e £ 7 G0 0 bk B b e e 13 D

BERE! BREZIINE

RERERIUBRRERE

H
B3
o

{ Detes on which oo moths emerged have been omitted from the table,

The period of emergence of individuals reared on raising began
earlier and ended later than that of those reared on prunes and figs.
During the major emergence period, from March 30 to April 21
onl{ 74.6 per cent of the raisin-fed individusls emerged, as compnrec{
with 90 per cent or more of those fed on prunes and figs. These
fizures agree reasonably well with observations upon the emergence
of moths in packing houses.

Although emergence was slower in the raisin rearings, it was more
complete, 57 per cent of them producing adults, as compared with
apli)lroximately 45 lper cent of those reared on prunes and fige. The
earlier emerged of these spring moths produced the eggs used in
initiating the life-history studies.
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LIFE-HISTORY STUDIES
THE ADULT

COPULATICN

Copulation may occur in 1 hour after emergence end ordinarily
does occur within 24 hours. When ar unmated male and female are
placed together in a vial some hours after emergence they usually
copulate readily, the observed interval ranging from one-half to 255
minutes. The moths remain In eopulation from 10 to 120 minntes.

PREQOVIPOSITION PERIOD

The interval from the emergence of female moths to initial ovi-
osition ranged from less than a day 7 to 9 days in the peried between
Rin.rch 31 and October 20, 1926,

Females which emerged during the cool weather from March 31 to
A'Fril 8 laid their first eggs after infervals of 1 to 9 days fromn mating
{(Table 3), the preoviposition period averaging 2.8 days. During the
period from June to August, inclusive, m&rkléﬁ by hig{l tempersatures,
the preoviposition period ranged from 0 to 2 days (Table 4), and
averaged 0.5 dey. Females which emerged in September and October,
when the temperatures were intermediate between those of spring and
midsummer, oviposited initially after intervale of 0 to 3 deys from
mating (Table 5), the average preoviposition interval being 1.1 days,

TapLE 3.—Oviposition of the Indian-meal molh on dried fruits, Fresno, Calif.,
spring observations, 1926

Number of eggs deposited ok specifed number [Tl Moan

Frult placed ta of gays after matlng? izt 1:"53? Telas

with moths ber tive
: |
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Aversge number eggsﬂfer famnlo.
Aversgo eges per {female per day {for entirn Jife)

1 Fomales mated on day of emergencs exeept as notad,

t Last recard {alther slgnificant fgares or zere) made or day of desth,
* From date mated to date of death.

¢ Femals amerged doy before mated,

+ Femsle emerged two days befors mated.

The preoviposition period of the 70 females from which the ran%es
and averages were derived may be found in Tables 3, 4,.and & by
noting the number of blank spaces preceding the first egg record
for sach moth.

T When oviposition ceeurred during the first doy after moting that day was ineluded In the ovipesition
peried, nod the preoviposition perfod was recorded a9 zero,

4363131 2
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OVIZOSITION

The eggs are placed singly or in rough clusters or chains, aggregating
as many as 30 eggs, over the surface of dried fruits, being mostly
deposited in crevices of the wrinkled skins. In the case of %gs, eges
are occasionnlly deposited inside the eye. Under laboratory condgi-
tions the eggs were especially abundant on the sides of the fruit just
above the su{pporting surface. Lovett (19, p. 119) stated that eggs
are deposited also on food cartons or containers, or on walls, floors,
or similar situations adjacent to the food product. Oviposition is
chielly nocturnal, as reported by Parker (20, p. 4); however, during
the first three days of egg laying the female 1s likely to deposit some
eges in the daytime,

TABLE 4.—OQOvipoesition of the Indian-meal math on dried fruile, Fresno, Calif.,
sutnmer observaiions, 1926

MNumber E[ eglzts idep'::sg.ed, on _spe:’:irled Total Mean
N oo |
Fomnle;  Frail pinced IEL:E?B - :l_ c_r_lo inysun“ er mating . —— |rumber| tg[m\u rolative
No. with mothg | JeTis, : oS 8{“““}" Ly mid-
1]z |2 |4(5;6|7|8]|8] lad aeet! Mty
®F. | Percent
53 87 41
- O - 3% 87 41
L - S I 72 g2 45
JEVRPE PR S S, e 120 a2 45
0:15) @ 164 81 43
Wi o} ¢ ——— 119 81 43
0 Gy, 7 82 44
017 4 0 - 12% 81 . 43
0] 0 jeeccfan 185 Bl 41
0] ¢{ O 131 79 41
Q| o{2e| ¢| 0f 0 ah pitl 41
o] ¢ I &0 74 42
21 0714 . 111 il 42
[+ 148 &7 42
a0 121 87 43
0y 0 140 &7 35
ay ¢ . 140 L 3
1! o], - B6 37
g1 01 © 17¢ 85 3
8] 5| 0 &7 8BS iy
11 [ I 7l 85 it
14 o ___ - 103 B3 3%
|4 — 15 85 42
12 L 131 90 R
E| 0fF @ ; 87 85 40
21 87 71 0| 0f.... 87 85 40
g| 0 e 159 3 41
L I N 185 BS 42
17 1} i - 246G 54 4]
6| 8] 2 ] 6 0|-——.| 30l 50 53
0 7 0! 150 B0 43
40 (32 001 O 0. 190 50 43
W B 0O i 0 — 185 80 43
Average number eggs per fomala R 127, 1 |ecmmmme e
Averngo eggs per female per day {for entire Mle) . ool 2 1 ) U P

! Females mated on day of cmergence excapt as hoted.

! Lest record (oither significant fipure or zero) made mu day of death,
1 From date mated te dato of death.

+ Femnalo emerpged doy before mated,

The eggs are seldom firmly attached to the fruit surface. A slight
shake will usually dislodge them from dried fruits that are not sticky.
It is especially important in the processing of seedless raigins, which
involves no heat treatment, that the usual mechanical agitation and
washing in a stream of water may suffice to dislodge the preat ma-
jority of eggs of this species.

The egg laying of 70 females which emerged between March 31 and
October 20 is recorded in Tables 3, 4, and 5. Here it may be noted
that on the last of March and in early April (Table 3) the oviposition
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lasted from the second to the fifteenth day after mating, approxi-
metely 90 per cent of the-eggs, however, being laid from the second
to the eleventh day, inclusive. These meoths, living under mean
temperatures in the 60’s, laid from 94 to 258 eggs each, the average
being 169.1, an averags of 14.6 eggs per day during entire life.

The females which emerged in the period from June to August, in-
clusive (Table 4), lived under means of temperature mostly in the 80’s.
During this hot, dry season the oviposition period was reduced to
about one-half that of the spring months, and ranged from the first
to the seventh day after mating. Approximately 90 per cent of the
eggs were deposited during the first three deys. Individual produc-
tion decreased, the moths laying from 39 fo 275 eggs, with an average
of 127.1, whereas the rate of deposition, expressed as the average num-
ber of eges per femele per day foxr the entire life, was approximately
60 per cent higher than the aversge during the spring months, being 23.3.

uring September and October (Table 5) the means of temperature
wers intermediate betwsen those of spring and those of midsummer,
being mostly ip. the 70’s. Under these conditions the females ovi-
posited from 1 to 20 days after mating, Approximately 90 per cent
of the eggs were laid during the first 6 g&ys Individual totals ranged
from 80 to 246 eggs, with sn average of 178.3 eggs. The average
number of cggs per femsle per day for the entire life was 15.7.
Thus, in general, the activities of moths at this season may be re-
onrded as intermedinte between those of spring and midsummer.

TanLm 5.—Oviposilion of the Indian-meal wmolh on dried fruits, Fresno, Calif.,
Fall observations, 1586

Number of eggs depesited, on spevifled number
Fruit Data of dnys slter mating 2 :,I:?rm] Mesn | hlean
piuﬁ%d r h ber tem- | relative
w

mated 1 : '
molhs 1 : 7's 19 13'

per- | bumid-

‘15}!6 ool Tagd | atured) ity

4i
i
]
I

i *F, | Per el
1 40

Sept.

COLE I D O bR O ]

BB w
RO CWmD G

08 GO e o
—

ge
EEPREET

Fruaes. ..
-.-to,
Raising...

o) o o B % el £a3 CRF 1 B b RS O e i B LT RO T

G ey mio ol
e
'

a7] 2211 1
3613523112
10413130128
TYINIHIE
70 1'1"!23 21

—
&n
=
o
b 40 |

=

oot
i ¥S
—

Averngo number eggs per lomale
Averago eggs per femaplo per day {for entlre lifa)._

! Females mated on day of emergence except as noted.

1 Last record faither sigulﬁcant figure or zaro) msde on day of death.
! From daie mated to dato of death.

& Lived 3 days more without depositing eddltlone! eges.

¢ Pemalo emorged dey bolorm mated.
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The number of eggs deposited by individual moths thronghout the
season ranged from 39 to 275, bobﬁ the minimum snd the maximum
oceurring in June. The seasonal average for the 70 females was
152.3 eggfi:. Several writers have placed the egg cepacity much
higher. Parker (20, p. 4) reported tﬁa average of 6 females as 221,38,
the range being from 156 to 286. Chittenden (4, p. 119) reported the
egg capacity as high as 350, and Nssig (11, p. 712) stated that each
female may depostt from 300 to 400 eggs.

The eggs may be extruded very rapmig.l;'. One female laid 144 epps
in one day (Table 5}, and in the earlier work Phillips observed a femaﬁe
to deposit 115 eggs in a single hour.

The length of%.l.fe of the female moths after oviposition was com-
pleted ranged from 0 to 5 days, with an average of 1.6 days.

LONGEYVITY

The sdult life of the Indian-meal moth is comparatively brief, and
that it is profoundly influenced by seasonal conditions is evidenced by
the date in Table 6. The length of life of mated males and females
which emerged from March 31 to April 8 and lived under a mean
temporature of 67° ¥. aversged 19,1 and 11.9 days, respectively.
Mated moths which emerged from June to August experienced hot,
dry weather, the mean femperature being 86°." The longevity then
averaged but 5.8 and 5.2 days for males and femsles, respectively.
During October, when the temperature aversged 68° F., the longevity
of meted malesaveraged 13.3 days and thet of mated famales 11.6 days.
Unmated males and females lived on the average 2.4 and 2.7 days
longer, respectively, than mated individuals of corresponding sex and
males 2 to 3 days longer than females, but analysis s}l)lows that these
differences are not significant.

TanLe 6.—Longevily of maled and unmated adulta of the Indian-meal moth, Fresno
Calif., 1626

Males Fermales

Mezn | Mesn

Perlod of smorgence C"?gégg’sn of Days of life Days of tife | o= Telative

per- i
atra } ityl

Mean Range!| Mean

Mar 31-APE 8 e L
Mer. 31-Apr, 22 . eoeees
June 3-Aug. 30_..
June f-Aug, 31 oo
Oet, 5-0ct. 20
Qct. 2-0ct. 18

bt
[y

oo

14
7

51
82| 2-21

34t

SH | BEeeBD

b QI A LD e
D) | IR M

bt [ by

Ew

1 For the petiod between extrema dates coverad by the lives of all moths In each group.
HABITS

The adults avoid the light. During the day they rest quietly on
walls, ceilings, and boxes in poorly lighted situations near stored
dried fruit, in storage rooms, and between sweat boxes in storage
sheds. When disturbed they fly readily in sn irregular, zigzag
course. The moths are chiefly night fliers; this tendency is resdily
apparent at dusk, for then the moths begin to fly about,.
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THE EGG
INCUBATION

The data presented in Table 7 deal with the larger daily groups of
the eges shown in Tables 3, 4, and 5. They show the range and
weighted average of the incubation period for several lots of eggs
.deposited during each month, except May, from April to November,
together with the means of temperature and relafive humidity for
the interval from egg deposition to initisl hatching in each instance.

TasLe 7.—TIncubation periods of eggs of the Indian-meal moth, Freano, Calif., 1926

ineubation perfod
Date oggs were deposited Egﬁs mﬁﬁ?n l“lnt‘tm
gds were depa hatohad - | relative
Henge nglgllﬁed ture! humidlty

MNumber e
330

152
154

o8
279
150
225
+ - 137
Apr. 153

Per ednt
i1

=3
5

o] tepmamenE

ZZEEZED

Bumimary, Apr, 4-15 1,700
June & - 204
Jane 10 225
159

48
44

TrETYy
e YO0 S =10 00

=
=

BERREREES

Sopt. 29___.
Summary, Jept. 1-20

&
&h

b SRS R [ a] | MR ORI RG] I DR RO [ | owmoerooer || o | e o e b B

idbaansaenndd RdRdnnadadndd S a bl tdiadd by
| weErie @S thS [ = - on ]| & | ¢n oo enon greaon e s
| poepmpmppe | mpoppepepell o] spoahane e | pogmee

3
=]

! For the interval from egg deposition to inmitisl hatehing,
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TasLE 7.—Incubation periods of eggn of the Indian-meal moth, Fresno, Calif., 1926—

Continned
‘| Inénbation parlod :
| Eges : Mean Mean
‘Date egys were deposited hatched tampare- | ‘Telstive
N Rangs Welghted| tore |homidity
mesan
Number | Days Days °F, Per eent

Qct.B__. 11 §-11 [ ] i) 53
Oct, 7. 140 611 7.1 68 54
Qet. 10— 8-9 6.3 70 58
Qet. 13, 110 =7 5. & 72 58
Qet. 15 16D -8 5.4 T2 58
Qot. 18 108 -8 4.2 68 64
OQct. 22.. 185 -8 6.3 it} a6
Cuot. 23___ - 100 6~ 7 8.1 a8 68
Oot, 26 40 -8 7.1 o7 42
Oct. 28 __ #-10 0.8 5 &0
Oct. 3k __ i 12 1z.0 a4 54
Summary, Oet. 6-31 e 1,073 4-12 7.1 8 68

Nov, 17 18 14-15 14.1 80 5
Nov. 18 12 14-15 141 a0 76
MNov, 20..... 18 14-15 14.2 80 7
Nov.2l..... 1 15 150 G0 81
Nov, 22 _ ... 5 1617 1.2 ] 82
Summary, Nov. I7-22 5 14-17 4.7 a0 i

Tablo 7 shows clearly the grest variation in the incubation period
snd its relationship to temperature. Thus, the average mean
incubation period fell to 3.7 days during July and August when the
mesans of temperaturs were mostly in t%e 80’s, but with mean tem-
peratures spproximating 60° F. during November, the average rean
incubation period rose to 14.7 days. During other months, tem-
perstures intermediate between the above coincided with inter-
mediate incubsation periods.

The seasonal exiremes of incubsation were 2 and 17 days, the
minimum occurring in June and again in August, and the maximum
in November. It is worthy of note that the minimum occurred
under the more moderate mean temperatures of from 83 to 84° and
not at the higher temperature meens ranging up to 90° F. Herms
(15) has reported the incubation period as about 48 hours at a main-
tained temperature of 22 to 26° C. (72 to 79° F.). Lovett (19, p. 119)
stated that the eggs hatch in about 4 to 8 days.

PERCENTAGE OF HATCH

Table 8 gives the percentage of hateh of 10,690 eggs, some of which
were lsid each month, except May, from April to early December.
The record of each monthly group is compared with the mean tem-
perature end humidity during its incubation period, measured from
the ovipoesition of the first-laid eggs to the first hatch of the last laid
daily group. :

oy
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TanLE 8.—FPercentage of haich of daily baiches of eggas of the Indien-meal wmoth,
Fresno, Colif., 1926

Parcantage of aggs Mean

Total hatabed relative

Perlod of egg deposition bumid,
liy

Range! | Average

' Per cend | Per cent . Per cznl
Apr, 4-17... 50 0-100. 0 78.3
Juno 4-21__. 14. 3-300. 0 6R B
- 41.7- 8L 0
Aug. 2-31 42 B-100, 0
Sept, 1-30_... ' 18, 8-108. 0
Cet. 1-31._. 32.1- 008
Nov, 17-Deo, 4. 0 -61.9

Apr, &-0ct. 81 14 3-100.0 4

{ Renge hote rafers to percentages of hateh of daily bateches of egge fn exeess of 10) Iaid by one o more
moths frem which the present group totals were derived, Ge

t For the perlod from date of first pviposition to indtlal hatching of 1ast 1rid exgs for each group. -

! This total omlts tha 211 egge 1aid in Novermber and December under exceptionsl conditions.

From Table 8 it appears that the percentage of hateh was not
greatly affected by the very high temperatures of midsummer, but
was drastically reduced by low temperature. The eggs deposited in
November were laid by a single exceptionally late-emerged female
and are included solely to show the influence of temperature on
hatching. The eggs of this moth hatched to the extent of only 25.1
per cent under a mean temperature of 59° F. During the main
hatching period from April to October the mazimum hatch of 78.3
per cent was in April under a mean temperature of 69°, and the
minimum, 68.8 per cent in June, with a mean temperature of 81°.

Throughout the season the percentage of hatch of daily batches of
eggs ranged from 0 to 100. Excluding the eggs laid in November,
the average percentage of hatch for the season was 73.4 per cent.

THE LARYA

DURATION OF LARVAL PERIOD ON RAIRBING

The length of larval life of the Indian-meal moth is highly variabie,
both individually and seasonally. The seasonal variations, howaver,
appear to have no direct relation to the prevailing temperature.

The feature of Table 9 is the unequal rate of larvel development.
This inequality is expressed in two ways: (1) In the wide range of the
larval period of those individuals which started life at the same time
and all of which pupated during the same year; and, (2) in the fact
that of larvae having the same parentage and hatching on or about
the same date in one year, some individuals pupated that year whereas
others wintered as larvae and pupated the following year. Thus, all
the 114 larvae which hatched in September, 1925, pupated the follow-
ing year, having larval periods ranging from 162 to 227 days. Here
the slower individuals lived nearly half again as long in the larval
stage as did the more advanced ones. The 20 larvae which hatched
in April, 1026, pupated in 28 to 56 days, one extreme being just twice
as long as the other, and the range of 16 individuals which batched in
June was 21 to 61 days, the extremes being nearly in the ratio of 3 to 1.
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TaBLE 9.—Duratien of larval iife of the Indian-meal moth on raisins, Freano, Calif.,

18851887
Transforming individuals Wintering Individuals
Days of larval Days of larval
Date oggs hatehed | Fotel lifs Mean | KMezn lifa Mean | Mean
SV Tar. tem- |ralative] Ler- tem- |relative
vae N pers; h:;tx;:iti- vae R g;r:; h;g:ild-
ver-| ture AVET-
Range Bgo Range age
°F. |Pereeni °F, |Per cend
114 0 114 | 162-227 ; 183.1 55 T2
2 20 | 28-5 | 389.% (] 48 G-
18 10 2l-61| 36.% 85 39 a
2 || M1 84 40 1 282 | 282. 6 &6 64
14 G| 8448 | 40.4 Fi) 45 11 | 231-267 | 248.1 63 &7
14 0 14 | 135-188 | 172.6 8 74
i) 63 | 21-74 | 40.6 150 | 159-282 P200.2

L This mean is an average of the mesns for all larval periods withio each group,
4 Thia aversgs excludes the 114 individnsls reared in 1925 and is weighted in accordance witl: the sensons]
trand sxempiiied by the three 1928 rearings

When part of the 5roup wintered as larvae, the range was of course
greatly extended. Of 23 larvae hatching in July, 22 pupated in 29
to 74 days, but one passed the winter es & larve ang pupeted the
following yesr, remeining 282 days in the larval stage. This ap-

roaches the maxitnum larval period encountered in the present study.

rom 16 larvae which hatched in August, 5 completed the larval
gtage In 34 to 48 days, and the remaining 11 required 231 to 267
days, pupsating the following year. Finelly, the 14 individusals which
hatched in Ocfober all wintered as larvae, the range of the larval
period being 159 to 188 days. Four of the lsrvae which hatched
from August 20 to 21, 1926, pupsated during May, 1927, wheress all
the larvee which hatched nearly two months later on October 16,
1926, had pupated by April 22, 1927.

For purposes of comparison the larvae have been grouped sccording
to the period in which they hatched (Table 9), but the reasder has
access to the larval period of each individual, except those over-
wintering in 1925-26, by reference to Table 12,

The lack of any relationship between the length of larval life and
temperature should be cbvicus if attention were confined to the
fransforming individuals shown in Table 8. However, the mesan
lerval period of individuals hatched in April was 39.9 days, and the
average of the mean temperstures for all Ymal periods in this group
was 76° F.  With the much higher average of mean temperatures of
859, the mean larval period of mdividuals hatched in June was only
slﬁfhtiy reduced, being 36.2 days. Those larvae which hatched in
July lived under en average of mean temperatures (86°) approxi-
mating that of the June hsatch, but the mean larval period (44.1 days)
was considerably longer than that of either the June or the April
hatch. Finally, those which hatched in August had a mean larval
}Tifa'of 40.4 dsys, the average of mean temperatures in this case being

8°,
1 Lovett (18, p. 119) reported the average larval stage as about 60
AYS.
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It thus appoars that temperature, while probably influencing the
length of larval life to some extent, 1s of distinctly secondary impor-
tance to other factors governing the length of the larval period. For
instance, all the 23 larvae which hatched on July 14 lived under
similar temperature conditions during the first 29 days of life; yet
one individusl p..pated on the twenty-ninth day, wheress another
continuad 253 days longer in the larvaf stage (Taﬁle 10).

COMFARATIVE LENGTH OF FERIOD ON DIFFERENT FHRUITS

Table 10 is arranged to show the comparative duration of larval
life of individuals reared on raisins, prunes, and figs. Despite the
smaller number of vearings on prunes and figs, the indications regard-
ing the effect of different fruits are of much interest. Only the first
four series are roughly comparable in point of time at which the larvae
started life on the different fruits.

TaBLE 10.—Comparison of lenglh of larvat life of Indian-meal moth reared on raisins,
prunes, and figs, Fresno, Calif., 19251927

Larvae rearsd Larvas reared
on rafsing on prunes

Tale pges Larval lite Date eg| Larval life Date eg)
hatched hatel E-! huchags

1925 Days 1925 1925 Daps
Sapt. 25-26 162227, Sept. 28-30.... .3|| Sept. 30-0ct.3| S9{E57-109

1829 1025 1926
2% 56| 30.9 Apr. 1426} , 1617, oo 25~ 41
21~ 81 L Juna 1014 __. 5 —— 13- 48
%- 74 a1l July 28 35 &

RPN | JEpp
34 48
231-267]

Dot Jeeee e

159-168} 172.0)) Oct. 2....|  OHET2-246210.4
I

From the rearings begun in the fall of 1925 the longest average
larval period (i83.1 days) occurred with larvae fed on raisins, On
prunes and figs it was 8.8 and 15.1 days shorter, respectively. In the
case of the larvae hatched in April, 1926, the average larval period on
prunes, 47.5 days, was longest, and those on raisins and were 7.6
and 16.2 days less, respectively. Larvae hatched in June also showed
the maximum average larval period on prunes, 3%.4 days; on raisins
the average was 3.2 days less, and on figs 9.9 days less. Again, in
the case of larvae haiched in July, the maximum average larval
period of 50.8 days was on prunes; on raisins it was 6.7 days less, and
on figs 14.8 days less,

The three lots of larvae hatched in April, June, and July, 1926,
showed their longest average larval period on prunes, with raisins
second, whereas In the case of larvae hatched the preceding fell the
maximum was on raisins with prunes second. Thus the evidence
that feeding on prunes resulted in slower development is not constant.
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In sll the comperisons, however, the larvae reared on figs developed
more rapidly on the average than those reared on raisins or pruves.
The reduction in the average larval period on figs as compsred with
the longest average period in sach series ranged from 9.9 to 16.2 davs.
The constancy of this tendency offsets in some measure the smeller
number of rearings on figs,

Doubtless these variations in larval development are correlated
with such differences in the fruits as sugar and moisture content.
Levulose and dextrose, in approximsately equal parts, predominate in
all these fruits, ~nd dried prunes and figs contain small quantities of
sucrose in addition te the reducing sugar. The sugar content varies
considerably with variety, locality, and mefthod of curing, but among
the dried fruits used the fig is highest in suger content, raisins nexs,
and prunes lowest. The sugar content thus bears an inverse rela-
tionship to the length of life of larvae reared on these dried {ruits.

The earlier work of Phillips showed that there is no doubt as to the
influence of moisture content of food upon larval development. Lar-
vee under observailon during the dry season, which were fed upon
artificielly moistened food, thrived, whereas other individusls, fed
upon the same kind of food which was allowed to dry out, either died
or developed much more slowly.

The mooisture content of each kind of dried fruit is very rariable,
and it was not determined for the fruit used in the preseat study.
Raisins, however, are ordinarily cured to o lower water content than
are prunes and figs; Chace and Church (8, p. 15) report that 16 per
cent of water is the upper limit at which raisins can be stored withous
denger of sugaring or molding. Jones and Bullis (18, p. 5) state that
prunes for best keeping should not have & moisture content in excess
of 20 per cent. Like dats for the fig are not svailable. These figures
are not pertinent te the larval periods determined in the laboratory,
because processed fruit, with somewhasat increased moisture, was there
nsed In resrings. Nevertheless, there can be no doubt of the impor-
tance of this factor in the larvel life of the insect in stored, raw stocks
of dried fruits.

TEE TREPUPAL STAGE

There is a more or less definite prepupal stage, passed inside the
silken coecoon. In early spring it lasts from 0 to 23 days, aversging
sbout 4 days. During the summer the pericd ranges from 0 to 7
days, with an average of about 1 day. Herms (15, p. 568) recorded
the duration of the prepupsl stage as 9 to 12 days at temperatures
ranging from 22° to 26° C.

THE PUPA

DURATION OF THE PUPAL STAGE

Maearked variation in the pupsl stage in accordance with prevailing
temperatures may be noted in Table 11 which is based upon 203
individuals resred on raisins. The mesns of temperature snd relative
humidity cover the interval from initial pupstion to the last emergence
for each group.
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Tasng 11 —Duration of the pupal sta‘ge of individuals of the Indian-meal moth
reared on roiaing, Fresno, Calif., 1986-87

Deys of pups! fife 3 eﬁn
relative

Date larvae pupeted Papas -] humid-

Ronge | Aversge ity

Per cent
18-33 58
-2
T2
B-9
4-0
4i-9
518
1234

(=L =510k R T f

BheapBEL

Mar. 24-28 2331
Apr 527 14-25
Mpy I-14 1518

Bl 8BE
w| oo
T

e

Summary .. 4-33

1 For the period in cach group from the inltisl pupation to the last amergonce.

The larvae in Table 11, pupating from March 6 to October 7, 1926,
and from March 24 to May 14, 1927, showed as extremes of the pupal
pericd from 4 to 33 days. The shorter periods were during July and
August, averaging 7.1 and 6.9 days, respectively. The respective
mean temperatures applying to these two groups were 88° and 83° F.
The longer pupal periods occurred in the spring with mean tempera-
tures below 70°.  Thus, in March, 1927, the average pupal period
was 30 days and the mean temperature 64°, whereas in March, 1628,
with a mean temperature of 69°, the pupal stage averaged 23.3 days.

The pupal periods of 137 individuals reared on prunes and 112
resred on {igs approximated those reared on raisins, except that one
prune-fed ind:-vidual showed a pupal pericd of 26 days in June.

This range of the pupal period is approximated by records in litera-
ture. Popenoe (21, p. 8) found that adults emerged ss early as §
days after pupation, end Herms {15, p. 563) reported the period as
from 24 to 28 days under {luctuating room temperatures of from 15 to
19° C. (59 to 66° F.). On the other hand the 12-day pupal period
in the studies of Parker {20, 3. 4) covering the period from June to
August is very much longer for that serson than that observed in the
present investigation. The same is true of the report of Bicletti
{2, p. §) that the pupal stage lasts about 16 days at an average summer
temperature of 80° F. Lovett {19, p. 119) stated that from 10 to 20
days are passed in the pupsl stage.

LENGTH OF LIFE CYCLE

The present study has shown that the life cyecle of the Indian-meal
. moth in the San Joaquin Valley of California is more variable and
somewhat longer than is generally indicaeted in literature. Thus
Back and Cotton (I, p. 16), Essig (11, p. 712), Dietz (8, p. 84),
and Girault {18, p. 66) :ﬁ&ve indicated that the life eycle is completed
in from 4 to 5 weeks. DeOng (7, p. 241}, having reference to Cali-
fornie conditions, states that egg-to-adult development occurs in
from 5 to 6 weeks at & temperature of 70° F. or more, and in from
6 to 8 weeks at temperatures below 70°,

Data on the life cycles of 89 individuals from deposition of the egg
to emergence of the aduilt, together with data of temperature an
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relative humidity for each such period, are contained in Table 12,
These individuals were reared on raisins, ¥ggs laid from April
4 to 10 produced adults emerging frorn May 22 to June 21, in 47 to
72 days, the mean egg-to-adult period being 58 days. The mesn
temperatures for these cycles averaged 76° F. FErom epgs deposited
June 5, adults developed and emerged from July 8 to August 16,
the range being 33 to 72 days, and the mean 47.4 days. The average
of mean temperatures applying to these individual periods was 85°.
Eggs laid July 11 produced mostly transforming individuals, but one
was of the wintering type. Adults of the former category emerged
August 16 to October 8, ranging from 36 to 89 days and averaging
55.4 days under mean temperatures for the individual periods of
from 82 to 88°. The one wintering individual emerged on May 9
the following year, this egg—to-agﬂﬁ period of 302 1;fajrs being the
longest amon% raisin-fed individuals encountered in the present
study. Kggs laid August 17 produced both transforming and winter-
ing wndi 'Euals. The former emerged from October 7 to 19, with a
mean period of 57.6 days and a range of 51 to 63 da.gs, the average of
mesn temperatures being 77°. The latter emerged from May 1 fo
June 1 the following year, with a mean egp-to-adult period of 270.1
days. Eggs laid October 10 produced only wintering individuals,
emergence occurring the following year from April 24 to May 11,
with a mean period of 201.3 days.

TasLe 12.—Developmental periods of the Indian-meal molh on raisins, Fresno,
Cclif., 1926-27

Temperature !
Incu- Date {Interval Renge,| Mean
Rearing No. g::ﬁ bation %;';11 ;’ﬂﬁ adult e?t,n Bex e mﬁf
perlod emerged | adult Mean |momiol Ity!

mean

maxs

mum
Daga 1988 Dayps oF. O, | Percemt
7| May 2 48 | Male T4 18 582
9| June 2 55 do. .. 15 19 n
10 | Jone 3 60 {...do...- ki 18 Bl
9| June 5 82 |._do___. 75 19 50
2| June 9 83 |._.de, ... ki 13 50
9 | June 14 71 | Femple__| kii] 19 49
6| May 24 47 | Male....| T4 19 52
i1 { Juma 1 55 | Famala_| 75 2% 50
10| Jona 3 55 | Male....| (] = 49
8 o] 8 |-——do____ 55 | Female.. T4 20 49
8 '] - 55 [.-.do.__] Fi:] 20 10
8 12 9| June 7 59 [..do_ . 7 20 4
8 10 |.--do. ... 53 | Mala T 20 49
8 49 0| June 14 ] do_ ... 77 20 )
7 30 15 | May &7 47 | 2do____ 75 20 50
7 32 12 | May 31 £l |-—-do. ... 75 19 i)
T w 9| Jona 2 B3 |._-do. ... kil 20 5
7 44 7!June 7 58 | Femalo..| red 20 48

7 47 8 | Juns 11 02 {._do___. v 20 43

T 56 9 June 2i 72 | Male.... T8 20 AT
a5 39.9 8.7 58 ki 1 50
4 = 8] July 8 33 | Femalp.. B4 22 -]
4 b | B |-_do___. 83 t._.do____| - 2 an
4 0 4 | Juiy 10 34 Male.... B4 22 40
4 30 7 July 16 4 __do____| 85 2 4
4 -M 6| Jaly 10 44 | Femala,.| 85 2 40
4 33 g | July 20 45 | Male..__ 83 x2 a8
4 3 B July 21 48 | Famale, B85 n B3
4 84 Bl _do..__ 48 |___do____ B85 b~ a9
4 35 b PR 1 S 46 .. do._..| 85 = aa
4 a7 61 July 22 47 |._.do. ... 86 = 3%

L Porthe interval from depositicn cf the egg to emergence of the adult,
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Tasre 12—Developmentul periods of the Indian-meal moth on raising, Fresno,
'olif., 1986-27—Continued
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The renge of the life cycle is broadened slightiy by including the
resrings on figs and prunes. During the same period in which the
minimum of 33 days for raisin rearings was established, two egg-to-
adult cyeles of 27 days each occurred smong the insects reared on
figs. ];uring very nearly the same period in which the maximum of
302 days was obtained on raising, one prune-fed individual required
305 days for sgg-to-adult development.

NUMBER OF GENERATIONS PER YEAR

In the rearings reﬁorted ypon, the generations were kept separate
and were begun with eges laid by the earlier emerged females of the
preceding generation. '%‘she data thus served to indicate the maxi-
mum number of egg-to-edult cycles which msay oceur during the
year. In the case of the first generation the first adult emerged May
22, whereas the first female issued Juns I, and & female which emerged

EtF STASE

SPEING
MOTHS

===

CUBCENCE OF LAREAL STAFE

[ BERIOD OF EMERGENCE OF ADULTS
BEACED FEOM EGFRS SHOWN
PROBRELE EXTENSION QF ADULT

SECOND E %gmiggzgﬁf ;f/fp BV LAST
i NERATION
GENERATION ;

FesT :
TENERALTION W

FTHIRL
FENERATION i

i
—— [l WINTER '
CENERATION 11l
2 Ee—|
GENERATION
1t 4 1 1t t 1 i

]t 1t 1 1 1

MAR PR MAY JONE JOLY NG SEFT OCT. NOV. DEC. JAY. FEL. MAR. HFRIY NAV JUNE
/8R6 /227

Firaure 1.—Chart showing generations of the Indlan-meal moth rearved on raislos in the Isbora-
tory I'r?_m the more advanced fomales of coch genoration, und the comsequent overiappiog of
penerafions .

June 3 laid the eggs which produced the second generstion. Such
deleys, however, had no important effect upon the number of genera-
tions reared, except in the case of figs.

The relation of the egg stage in each generation to the period of
adult issuance in the preceding broods is shown in Figure 1, as is also
the occurrence of larvae and emergence of adults actually reared from
these eggs. The probable extension of adult emergence which would
have resulted from eggs laid by the more retarded moths of the pre-
ceding brood is shown for each generation by broken vertiesl lines.

It may be seen (fig. 1) that all individuals of the first two summer
generations completed their development the same year the eggs
were laid. Likewise the third generation was very largely completed
the same season; only one individual passed the winter in the larval
stage and issued as an adult the following year. A small part of the
fourth generation emerged during the year of oviposition, but the
majority overwintered as larvae and emerged the following year,
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All individuals of the fifth generation passed the winter in the larval
stage and emerged the next year. There were thus five generations
started during the year, composed of two complete and two partial
summer generations and the one entirely overwintering generation.
Owing to the rearing methods emploved these results are indicative
of the maximum potentialities of the insect in the San Joaquin Valley
when fed on raisins,

Four generations were reared on pruncs, beginning with the first
spring generation of 1926, as compared with five on raisins and a
possible six on figs. Only 33 individuals were reared on figs as com-
pared with 50 on prunes, and besides, all the fig-reared generations
except the second were too small in number to permit prompt startin
of the succeeding generations. The five generations actually reare
upon figs are therefore a less trustworthy index than the six computed
from the shortest cycles in each generation.

The vertical lines, both solid and broken, in Figure 1 show the long
periods of ndult emergence in the several generations and exyiain the
overlapping of generations bred on a single kind of fruit. The tend-
ency to faster development on figs and slower development on prunes
would increase this overlapping in packing houses storing all these
dried fruvits. TFurthermore, different rates of development due to
varying conditions in different situations in packing houses would
result in still further overlapping. Indeed, Figure 1 shows that in-
dividuals of three of the segregated generations overwintered and
emerged the following spring, so even the spring brood of moths in
nature has no common generational status.

PARASITES

Three parasites of the Indian-mesal moth have been encountered
about dried-fruit packing houses in the San Joaquin Valley. Only
one of these, Habrobracon juglandis (Ashm.), is abundant. A larger
wasp-like insect, Nemeritia canescens Grav., is only an occasional
parasite. A single female of Drepanoglosse floridensis Tos., & small
- tachinid fly, was collected, and four specimens were reared from
Indian-meal moth larvae.

The braconid Habrobracon juglandis is often exceedingly abundant
about infested stored fruit an (festroys very large numbers of Indian-
meal moth larvae, but not enough to control fhe situation without
remedial measures. Data obtained in Oectober, 1926, under natural
conditions at & packing plant having a very heavy infestation of the
Indian-meal moth, serve to emphasize this point.

This particular infestation showed many grown larvae of the Indien-
meal moth crawling from sacked dried figs and an abundance of the
braconid adults. Many larvae had already been paralyzed by the
parasites, and many of them had parasite eggs on them. From a
representative aren of 40 square feet of the burlap-sack surface, all
larvae, except the old, dark-colored, dried-out ones, were collected
and piaced in individual vials. This collection, including kiving and
recently parasitized larvae, totaled 143. Another collection from 44
square feet of wall and window surface netted 157 larvae. The
density of larvae in both cases was 357 per 100 square feet. Of the
143 placed in individual containers, 139 were appsrently parasitized
and 4 were apparently normal. The four livinin&rvae and one of the
apparently dead ones produced moths, Of the remaining 138 larvae, 91
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shriveled and died and produced no aduit parssites, aithough many
of them supported parastieswhich did not develop to the adult stage.
It is possible either that the parasite sggs wero detached from the
larvae at the time of collection or that some of them were overpars-
sitized. There is, however, hLittle doubt that their death resulted
from the activities of Habrobracon. The other 47 larvae each pro-
duced from 1 to 8 Hebrobracon adults, the averags per larva being
2.5. The esiimate of death dus to parasitism is thus 96.5 per cent,
Notwithstanding this, adults of the Indian-meal moth were exceed-
ingly sbundaunt that fall, and & very abundant larval population
overwinteraed,

Cocoons of Habrobracon juglandis are of frequent occurrence inside
figs, where, under the pure food law, they constitute contamination
just as the original inhabitant would. Taken sll in all; this parasite
must be consiﬂed of no practical value.

SUMMARY

The Indien-meal moth, Plodia interpunctelle Huebner, originally an
Old World pest buf now found evervwhere, is the most destructive
insect attacking stored dried fruite in California, where its presence
in packing houses is well-nigh universal. It is a general feeder upon
dried vegetable matter, ang its cast skins, webbing, snd excrement
pollute t.%m dried fruits upon the surface of which it feeds. Because
of the great quantities of fruit damaged in this way a knowledge of its
larval habits, and to a lesser degres its oviposition, incubation, and
other activities, are of considersble importance.

This species begins each year with a promiscuous brood of over-
wintering larvae, some of which date from as early ss July and others
as lats as October of the previous yesr, and which are the offspring of
ANy %enerat.ion from the third to the fifth of that year. They pupate
mostly in March and emerge as adults in April. As the season pro-
ceeds, the blending of generations continues, until eggs, larvae, pupas,
and sdults of several generations are all present at the same time.

The moths studied in the present instance began ovipositing usually
not more than 3 days after emergence and continued ovipositing from
1 to 18 days, the longer periods occurring during the cooler weather of
spring and fell. The length of time given fo these two activities,
especially the lengthy emergence period of the spring broed of moths,
resulted in 8 very considerable extension of the time occupied by the
first generstion; indeed, adults of the first generation had emerged
before the issusznce of the last adults of the spring brood. The eges,
which are deposited chiefly at night and attached loosely to the
surface of the dried fruit, ranged in number from 39 to 275 for each
femasle, the average for the entire season being 1523, Moths living
in the fell deposited the greatest number, averaging 178.3, as compared
with 127.1 during the hot midsummer period, although the oviposi-
tion was much faster at the latter time.

In summer, approximately 90 per cent of the eggs were laid during
the first three days after mating, instead of during the first 11 as in
the spring, and the first 6 in the fall. The eggs may be extruded
very rapidly; the greatest number laid in one day was 144, and thers
is one record of 115 eggs laid in & single hour,
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The femele moth survived, at the most, only five days after finishing
oviposition; and the total term of life, shortest during the hot summer
weather, ranged from 2 to 23 deys. Maeles lived from 2 to 25 days.

The blurring of generation lines is much incressed by the range of
the normal period of incubation from 2 t¢ 14 days, depending directly
upon the temperature. The eggs laid in July and August hatched in
the shortest time, the average being 3.7 days, whereas those laid by
onedexcaptional female from November 17 to 22 required from 14 fo
17 days.

The percentage of hatch, slso, though little affacted by the heat of
summer, was drastically reduced by low temperatures. Thus, of
10,479 eggs deposited from April 4 to October 31, 73.4 per cent
hatched, the monthly average ranging from 68.8 to 78.3 per cont =3
the monthly temperature mean ranged from 68 to 88° I.; whereas
of 211 eggs laid exceptionally late in the season and incubated at
temperatures averaging 53° F., only 25.1 per cent hatched.

Still more variable than the periods of preoviposition, oviposition,
and incubation, and more potent as a cause of confusion, is that of lar-
val development. The shortest individual pericd was 13 days and the
longest288. Although this extremerangeis thatof individuals hatched
a,n(ffed under extremes of environmens, and includes, moreover, the
semiinactive winter season, it does not greatly exceed that of offspring
of & common parent, hatehed simultaneously and reared in the same
environment, whose larval period ranged from 29 to 282 days. The
Jarval period of individuals, all fed upon raisins, ranged from 21 to
282 days. The inclusion of the winter period is not taking in en
exceptionel feature, for s small percentage of the larvae which
hatched sven as early as July, ancf) an increasing proportion of the
later ones, remained in the lerval stage over winter. Excluding the
winter season, however, the shortest aversge larval period of 36.2
days was established by those hatched in June, and the average larval
life of those hatching in July and maturing before winter was longest,
being 44.1 days.

Superimposed upon this veriation in larvel period of individuals,
often of common parentsge, is an additional variation due to differ-
ent foods which further confuses the generations. The extreme
periods of 13 and 288 days mentioned above were taken from fig-fed
and prune-fed larvae, respectively. The average larval period upon
figs 1s shorter than upon raisins or prunes, probably because of the
higher sugar and moisture content of figs. Possibly the variations
observed in length of life of larvae reared upon a single kind of fruit
are attributable to similar differences in the individual fruifs,

The pupal period of 203 individusls reared upon rsisins ranged from
4 to 33 days, varying inversely with the temperature; and the pupae
of @hgse reared upon figs and prunes heve approximately the seme
periods.

The shortest egg-to-adult cycle encountered in this study wes
97 days on figs, and the longest, 305 days upon prunes. The cycle of
individuals reared on raisins ranged from 83 to 302 days. This
resulted in a maximum of five generations in & single yesr on raisins
and four on prunes. More than five probably mature on figs in na-
ture, but in this experiment, although the growth was rapid, gﬁe smajl
number of specimens issuing delayed the start and prevented the
production of the maximum number of generations.
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