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INTRODRUCTION

The production and storage of dried fruits probably lave lmill
afbecied by insect infostntions since the belrlnnlnrr of the industry.
In vecent years one ol the mnjor insect peata in California has been
l* vhestia )‘u;tt?ec’(i"!a Gregson, which has been given the common name

riisin moth.”  Thig species bas been the mbjoct of hiological und
contrel studies sionce its first recorded appearance in Culitorni raisins
in 19288

The raisin moth is found in most of the fruit-growing secttons of
California (fig. 1) ¢ and in the Salt River Valley “und the Yuma dis-
frict of Avizona. Most of these areas ave arid, with hot, elewr, rain-
Tess zummers and mild winters. In the centeal San J'(mqnin Valley
of California. where damage by the vaisin moth is heaviest, the rainfall

T8ubinitted for publicinion Dee, 20, 1047,

FPrausforrod Jantetey 1938 (o0 Divigiow of Conprol Investigations.  Tiesigned
Jan, 220104,

Trrepnslerred Qetober THS fo Diviglon of Ceredl aud Forage Tnsecet Tnvestiga-
tions.

Clechnieal deseriptinms were prepaved by Meo Tiorich, who retived June 3
Tk Bate Toseas drivwn by des, Wleaore Oarling,

*his roport ineludes information obiained to Qelolhor 1947,

*Maony of the distrilmtion records wore provided by L 11, Keiter, {alifornin
Ivepartinent of Agricullnre,
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Figure 1.—3ap of Califernin, showing the counties in which the raisin moell
[
OLCUTs,

averages nbout 10 inches per year and nearly all crops are grown by
irrigntion. At Fresno {he normal daily wmaximum temperature in
July is 100° F. Tronidsiwtumer suaxinmm temperatures often exceed
100° but rarely reach 110°.  Relative humidities and wind welocities
are low.

HISTORICAL REVIEW

Ephestia fgulitelle {fig. 2) was described in 1871 by Gregson {20) 7
from specimens collected in o warehouse in Liverpool, England,
Because this species resembles other closely related moths, mistaken
identifications have been commet, and probably some ol the published

Thinlle mmbers in paorent heses refer (e Literaonee Cited, 21,




BIOLOGY OF 'THE RAISIN MOTH 3

records of host materials and of distribution ave erroneous. ‘Lo ald
in identifying members of the Kphestia group, including . figulilella,
kevs have been mude available by Curran (9) and more recently by
Richards and Thomson (28). The latter authors have assembled the
following list of synonyws: Ephestie figulilelle Gregson (20}, E.
fienlelln Baveett (6) 5 £, milleri Zelter (38} 1 E. desuetelle Meyrick
(24) L I kiihnictle Riley {not Zeller) (29) 1 £ flgulielle Forbes (18) 5
E. figulelle Curvan (9); . venoselly Turati (33} 5 and £. ernestinella
Turati (40,

The =awe writers stated that the species had been eonfused with
E phestin afflaielle (Muy. £, eadidelle G, KL cautelle (Wikr ), and
. Fiihnielle Zell. Barly in their work en this insect in California,
Sinnmons and Reod (43,54 veferved to it as £ cartella.

I the course of their exuminations of muscum specimens, Richards
and Thomson (28) verified the following geagraphical sources of
F phostia fyulilelie: British Isles, Central Europe. West Africa {Gam-
bia), Algeria, Cyrenaica, Syria, Persia, Endia, anid Cevion. There
are reforences wlso fo collections made In Madews {7}, Hawail (23),
Cauada (2 193, Austradin (Victorin) (3, Trindwl (22), Colombin
LTy Janmica (20}, Beypt (41), the Canary Islands (7)), and the
Enited States (18).

Must records of the occurrence of the species at widely separated
points reter to infestations in stored products, These malerinds in-
clidde a eareo of eottonseed eake (Atmore 2} deied fruit. East African
corn, and envth unt (Ladhyres fuberosus) (Zucher F7) 5 eacao beany
FRnapp 22) ca eargo of rice fodder meal {Schaffnit .40) ; dates (Shafik
31 : errrants and Aus (Barrelt 6} 5 cashew kernels (Zacher J7} 5 oat
meai (Chittendon 8) : grapes (Mackie .22) 1 and peach pits (Gregory
ctal. 193, The speeios probibly maintaing itself out of doors through-
ont the vear in Beypt (Shabik 7} and Australia {Anstral, Council
Sei,and Indus, Res, 73, a8 10 habisnally does in California.

Aside from the duin ineluded in this bulletin and in a series of
progress reports that have preceded it (Barnes of ol (). Donohoe
and Barnes (£ 16}, Donohoe ef af. (17), Kaloostian ef af. (21).
Simmons amd Donohoe (32)), observations of Kphestia figulilella
appear to be those of Schaifuit (7). e deseribed the habies of the
species in riee fudder meal in Germany. and outhned control meas-

1S,
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TECHNICAL DESCRIPTION

Anvut—"tongue developod; busal portion sealed,  Labial pulpus upeurved,
reaching nearly to level of top of head; clothed with appressed seules: apical
stgment pojuted,  Maxillury pulpus filiform.  Antesnn of male with ihe shifl
swollen for u short distanre from basul segment, shortly pubsseent: antenni
ot femmnle, simpie,  Forewlng elonzite, ngrrow, with costn slightly curvexl to-
witd apex nmd {in male) with a strong fold on underside st buse of Lo8tn,
fnelosing two tutts of long hairlike seales; velns 3 and 5 nbigent; vein 10 frowm
the cell; vein 1e absent,  Hind wing with vein 2 from oo well hefore onter
nngle; -k absent; 3 andl § conmte or clesely approximuioc Lasully; 8 fusemd with
1 for its entlre Jength beyoud velt, 1o present; eell short, only slighlly more
than ¢ne-third ws long as wing: o fringe oF pecten on lower meding vein ak
Iase; in male another tuft of hairg ou buse of vein Ley frenuium of fewsle
shuple (4 single strong spined.

Color of Corewing light <drab or drab gray, showing under magnilieation
e deregndny dusting of pinkish senles: markings ohseure; transverse anie-
medial {ine, when distinguishable, nenrly straight awl very slightly dnrker
than the ground color, fndicaed chielly by some mle shading on ils fumor
murging subiermival line neavly absent, when preseut very tainr, the pale
barmler nlonyg lis inner neegin sometimes tairly distinct; n paiv of obscure,
dark diseal dois al ouler end of cell; sume very Enint diurk sealing at the vein
s adotg termen s cllin paler than ground color o wing, (he ends of fhe
zeiles distinelly white. Hind wing whitlsh, semthynline, with a uarrow hlyck
Hoe slome terroen andd #ome fuseous shiding on Lhe veiug nnd the apieal cilia,
and in the custal nred befween easta gl upper veln of eelt and vein T iu
the made, basnl third oF costal areen belween vosty and eell vverlaid with yellow
sox sealing s eflin white shading to yellowislh white ag ani anele off winge,

Figlih abdominal segment of male will compotnil Luero-dorsal senlo tui'ts
o1 eighih gegment (i, 1, &),

Male geninalin (ph I, 0 ) with aplead prongs of zrithos widely sepavatod,
rither ghort, nod uearly steaishe, Pranstilla entaplely, buk with ils eloments
weikly united 4@ theiv apless; a shur, knoblike lnfernl loboe from netLe apex
ol each elewment,  Harpe with costy strongly selerotised, slighely poroidoeod ar
apex dond owith o feny, digitute, postmeding enstnl projection. Anellus g
narrow seferotized baod parinlly eicireling the acdengas and peeduced venoro-
latersdly info o peiie of siiorel, spriesely haieosd lobes, Vincuium eloniniv-tri-
aukulier s terming! ouirein rounded, Avdengug steaighit, tapering, moderntelys
=tonly pends bearving a1 =wesll cingier of fEtttenal, eneved spives Tnetuded in o
selevoetized snd wrinkied soeen,

Farpathe genitabin Apl, 1, ¢) with o fnlike segke e gt the genital opening.,
Skt i series of 4 o 7 spivdle-shiapes] selern izl plites ser ot eidee in the baess,
Bursa coplittriz with o dense eluscor of short, stronely selerotized thornlik.s
spines dt anterior vinle Similae sSpines armuged Inost baml spiraling (he duelus
Ittesae Tor veitely half i< lengih feom s Junetlen with hursn, Duetus serfnalis
trom neur widdle of bursn,  Collare tpl 120y of eighile abedomingl semment. ryvetls
seloratlaced,

Exerasxvies or PLare 1—1, male genieilin of wmolh with selengus ol one
harpe omndbted ;o &2, gnnploes: () transtila s A, anellus; 2, sedoengns: M, Gflr on
eizhth abidominad segiont of e £ female wenitalia of noth, vont ral view ; If,
velliae of vighth alwlaminal sesment of fenlve, dorsl view s £,opup, vodtesl view
K, hend eapsude of ey, Brier] view shonwing =eful n rrangemenr ; L, heawd enpeile
ol larvi, tdorsad view sl ine st arrangement ; M, erochois of alulotrajzond 1raligg
o leea; N setul nuips of prothoraeie and mesol Borase semnents and third,
cighiin and mnth aldemina seemwens or Lorva, Bxplintion of syimbols appliod
w zeasdtadiangg L, wnehins: wtin, finked apien| process of gnarhos; Re, bhorsa copu-
Indrin: Db, dueries buresac: dep, digiiage provess from ensta of baoepe ;s Ds, duetus
semillatbis s Ney o slenn ie bursa capulntreiy of Female: 7, unens: Ve, vineulum,
Explanation of =ymbols applicd to pupa s o, anlinna g oo, annd oponing: o, pits
indivazing arinehaene of tentorial ring of cpieranivm 4, fene of prothoraele
leg s o, glitred exepivee ) go, geaiial opening s Hoprothorgeie Lo 22, moesathoreie
Ty B8 metnthovavie ews th lahewm g tp, labial st s e, maxiliaey palpus:
i, it pf, pHEers se, seulptured repie e e, fore wing s o 10 Fourd (o
fenth abdemiinal <egments,  Explination of symhal= appdied (o0 neval  head
capsnter A1, 2 8 i, semne and puneoire of anpvior group of spicranimn :
LEEL L2 dedfor, sdirantal songe g punetare of spieranivn ; AOMS adfronial
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suture of epicraninnme; 1, K2, epikionud setac: #1, Fe, Troafad Sebae gt jmte-
tares L0, frons; LA Lu, Lterad seta and poneture of epieraniunm ;s LR, loagioad-
inil ridge of epiermnimn: O1, 02, OF, O, fotae atd puneture of gretlny grotp
of epicraninm : 1, P2, Pa, PO setae and punetdres of posiorior gronp of epieen-
witag ) SO, 8O2, 8050 RO, setae nnd piuciure of suboeeliar group of epiceaninn.

Ablne oxpmse 18 4o 17 pan,

Lakva (pl §, A=N)-—lody whites legs sind prolees aosmnaed; erechois of ab-
Aaminal prolegs Bicedinal o aevimgged Toow compdete ring s peinmory ssine anly
twie sefae on prespirneniar shivid of prothoenx: IV nmd V oapproxinade angd
unter the spiracle on abdominal segenis olo 81 on the preles-heaging see-
moents, LY below anmd » reifle eaudad of Vosisl Both stiae berngldly on i single
vory smnlb panacidome aml slzghely forsaed of o verdieal line theeugh jhe 2pi-
racke ) oa cighih alutasiinal secmoent IV e directly enodad of Vonoselero-
tizedd, duvlely plgmentod riog enciecling the stborvele of seta L on wesotlorax
ad w osimilne el enelreling the inberele of setn 121 of vizhth alidoniand seg-
mend ;s ainth abdominal sexment seiae [and=bdlgdosely approximate mul on
sosbngle daele pinnenini: grodn VID Bisetose on eighth ool ninlh abdomisa
segiends dorsal  tubereleos shaekdy plomented, Protboreacie shiold alivided ;
Liverwte, tiore o3 loss slueded with Blekish Puseoos posteriorly and with o Ilnele
ish spol wn each =ide befween scie 0 oo T voud =hield yellowish,

Flegeed Doy, nesiely squaire in outline viewwd fean alnve, send slightly wider
that long (pd 1L Lf roms D, i edypens of Buaoedgrnss) g teitle longer than
wide, reaching to withdle of bemtl; frontasl punctioes (P vlose (ogeilier and well
Forwided of frontad sovae (200 ddivontal snpores (D FSY meeting lonsitwdinal
ridge (LA well bBehlnd midddle of head. Fpiceanial sebae and punctuees as fig-
ured fpl 10N Lo onnterior sebie Gy, s e avranged dnoan obfuse angle
pneinee Ly posiorior 1o setn e posterior setae CFL Pooappreximaie seia
oon the lovel o seta ddf. and bokitd the level of Lo setae Os Gy ngd veellus
P00 Gee o Dis Oedli porimnd,

Lottt of Cllgrews Taevs T3 00 10 .

rea ph 1 F--Moderately siomni, =mioath,  BPilitors peesent aps) well de-
velapual,  Maxillavy pabd present. Ladind pgadpld present buat very snil,  Pro-
thureeie and mornihorede Togs not extemwding copludad betwesn sendpbured oye-
picee ahd antennn,  Yabewnr, Ceontocivpeal saiuee, mid invaginations for -
terier anus of lendorinm elenely imbieaied.  Maxillkie exXtondiog o within o
shart distanee Crom (s of witggs, Teaving only 0 sinnl! parfion of inelathoraeie
logs exposed, Wings extending to eaudal margin of fourth ableainnl serment,
Metathoerneie wngd mesobhioeaeie legs ol anteanne exicnding fo 1ips of wings.
Fomorn of prothersiie {ogs oxposer, Cronnster absear, Cowdpl sciae ol
erpfely fope, batrlike with 1heir ends curled or hooked., Genitd and soal open-
tnws JHiHHRe in both soxes, Spirneless peaely clrealar and slghily protrading

Lomgdds 305 Bo T o, withely 1300 2 oy,

esanis,  The faregoing deseripiions of the Ineva aod pupn shoubd ideaeity
them s hefonging o (he Fplestie group bur will pot serve for specifie ident it
vation, 4 yer o we hive oo gniisfoctory chaeaelees tor dilferenibging the
severntl Bphesfiv spocies in their Tneval or popal slages,  Biebaeds nned Phivai-
s £ 28 peodesged fo ol signitieant diderenees ameng Bevae sad pnpag
ef sapee of e species s bt they doe pol seem to Bold oxeept fur oecsstonal
speebitiis and fherefors have so tavonestie valie,  The sidodts dnde aod
fenmuntey oF figuiilefta ave eastly distinguizhoes! fram bl piher Phyeitidae by their
aenbiatin.

LIFE HISTORY
Feeo sy asd Losgevery of Anciis: Ivcusarion an Ferminmy oF Fees

Detadls of the Hife bistory of the raixin wmoth were obfained in the
Jaborsiory by shservations on mated pair< of moths of lnown age,
vandined o celinloid vials. Some of the pairs were piven dilused
honev: others received waler. The lguids were dispensed in plass

CPheses pecomds ond Phese o aeval develenment and pmpation were pude ny
Uk 03, Hioneon, Tormerly Divlogzieal aidi,
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Focders smbodded i large raising, as deseribed by Donohoe (17},
The minute senlpturmd white eges (fia, 33 were deposited Toosely ou
and near the raisins, o which they did not adheres Sinee the moths
riven water were soitewhat mere prolifie i those given 25-pereent
honey solution, some data on the Tormer groip are presented heve,

Tweny-live pairs beld at room temperature in Augast, Septenber.
wird Oeteler prodiesd an average of 3531 ewgss of which T3 pervent
lattelwed. Fhe total nnuher of egges laid by individos] females vanged
from zero to 692, Prooviposition, oviposition, aid postoviposition

Fraonl o Puwe- of the tadsin nndh, XN ZS

perieds averaged LG nd 13 diys, Thieomades lved Tar an avers
s of T v~ the mge Teinge 3w 22 days, wd the Temales Tor an
avernee of 160 day~ the range boine 3 to 21 days.

atelnne of the eoo= i an ineubaior s 2 o st Iovequired an
averaee of L daysswith extrenws of 3t 6 day-.

Some of the eew- Ty e veeords are shown i iable 1o Durmg e
perl eovered byt datacthe temperntres i the Taboratory rang:d
froms Bi 1o v J0

DA rnorsest or Ly se o o

tndivifnal Torvae were reared fo am inenbator ar =2 .80 |7
Newly hatehed Inrvaie wers fed feaements ol partly dreied malberry
fenit, Tl were contined in ceflulaid vinls, whiely ane of the anchors
Dyonchoes Tiand Toand o Le pore Tavorable Tor the poepose than vials
al wli--,

The mnaber of insties rmneed frome Frooss The average nuuber of

day~ repnived Tor laeval development w52 days the mininnn 235,
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‘asLy L—NVumber of eggs luid daily by females of paived raisin mnoths
given water

o | Fe b e |
N No. I\*e No.! No.' No.; No.] No.i No.| No. ! No.; No.
Date of oviposition 1 “} 3" la‘ RraRt: 18 19 i 29 | 21 i 291 23'} 24’} 25
I3 E - i H
Oct. 4o .. R S SN U SR DU
SR I EN: DU SUUOE B DR R S
6_.._ ISR T T P TR A U R T -
r S E5910-1§ 120 SR D S S N
8- . T3t ed 108 7 P R A R PO
| S o bpab a3t o0 ol b R
10,.... (& ya7yaTia0l 00 vt o2 b I
tio.. . 3201300 6 RED DL 0 . -
12. .. . (3 BT ‘3530 291 62133[2%([ 0 6 0
3.... S 23 A9 84 359 ool st e 33851730 66
B a0, 2! o872, 87 040 LY 85
BB, . 3F 33 122,32 s LAB 61 P 291 69 511 82
i ... PR 20 03 tap 1'540!-;8 67 | 43 1
i7..... . T22 19 #7 T2 L L 2(:,33!'!5"’8 31 48
8 ... C810 PR (32 271929087 13¢ 13
10.... NI T A I oot iegi7p1sl 3| a7
20. ... c2 g2 a2 Tare. 1l 5] 50 4
21 . fEQ13 1. '|Gf‘23ll?’l(i 43 87
22 . T 98 R, ey apiial izl 96 18
e 7 3 A C3 L RTWII2p6] 11
2, i 8. 3 6. . el sl 7y a3 7
25 . 910 0, J1 a2z s a9
... 4.0 @ fel opizor nlg A
2y S 23, a - - NI [ R ]
28, S 20 ;3 L drapazg a0
20 .. . . R S S S 7 2
. : : : R IR AU SO 1 5
Blo__.. . W S R N S 3
Nov, 1. .. . . 0 ... N 31 6
2 B 1 O S | LY
3. .. .. b 2
Total. .. .. 407 34 838 0 IS0 351 297 383 463 417

¥ Male dicd,
2 Feanade died.

and the maximmn 33 dayvs, A propopal peviod of about 1 day was
the rule,  The pupal stage averazed 10 davs, with extremey of 8 and
12 davs. Development from hatebing to emergence vequired from 33
b 59 (s LS. o an averaae of b davs,

Recor d». af ghe development of 24 individuals that haiched in June
are given iy table 2.

The most satisfactor vonedium for the wass rearing of raisin moths
in fhe laboratory has been wnde of dog meal, Zante raisins (fear-
rantx"Y, honey. and glyeerol, Equal |:.|tl- by weight of the menl and
raising moistened with @ mixiure of cqual parts honey snd glycerol
made a granular, flow-drvinge mixture, which produced large larvac.
Al reom lemperatures in sunnner, adulis emerged ina culture 29 days
aftor newly nid eges had heen infrodueed.
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TabLe 2.—Days vequired for development of larvae and pupae of the
reisin moth at §2°-84° F. .

Instar Hateh-
Larva Larvat ’P,rc—l Pupal | ing te
No. H | period pupa d period | emer-
1] 34 a6 78 peao gence
S

...l gistaiaiaiafels 36 { ¥ 18
2 L. dkiaial gy o) L 30 i 10 41
g, ’.‘i-IL*i{.ﬁ‘ll e 30 2 18 42
FOSRUUINENR ISP JLA I B b E AN S S 30 2 1o 42
Brccnnn - 7.5, 3j212; 2] 2}13 24 2 10 46
6. . 7 {B313lab3r 70t 24 1 9 35
7. . 8t alayal 38l )L 29 2 i 41
S... T Tgisairz.absihi]Lo 30 { 11 12
O o BB A R el 24 1 8 33
10 CFi 438,31 3419 i 27 2 8 a7
i pslal g gl 34 ) 2 i 47
12 TR R B RN TRS> B 47 1 I 39
13 0 TR A S SR ST SPR A 1 2 i 45
i ST P43 48 ! 29 | I 9 39
55, T S SR T T S i i 10 41
14 S8 3t 4 340, i . { 10 42
17 § 310 4 12 .00 30 1 10 41
18, . A B S S K ; . 31 2 i 43
19 S 3o 3T 26 3 in! )
20 "53.4% 3 3 8 23 2 8! 33
21. P44 4 2o 28 . L 9 38
29 304 4 4 L 26 2! 91 37
23 6 4 1 3 3.13 31 i I 43
24 704 3 4 8 .. ) 24 2 i 37

THE RAISIN MOTH ON FRUIT FARMS
Hapits

Alihough, in Californin, raisin molh larvae are most evident in
tocations where dricd fruits ave concentraied in storage. the species
is primarily & permanent out-of-loors resident on fruit farms, In
stornges there is some reinfestation, but the raisin moth does not do
weoll on fruit thai has undergone the changes thut long storage brings
about. After the infestation brought in from the field reaches ma-
turity. the population dwindies until by the following summer it has
become comparatively small? Fruit that is being dried in the shade
on the farms where it is produced is in a condition most favorable
{0 the developimant of raisin moth larvae.

The diet of lrvae of Ephestin fgulilelie on California farms
{ Donohoe and Barnes 76} includes nearly all the fruits grown there—
ripe grapes and raisins: fizs on the ground andl, uncommonly, on the
irees; and fallen perches, apricots. nectarines, prunes, plums. apples.
penrs, chervies. loguats, and mulberries {Danohee of al, I7). Larvae
have been found in wild grapes, fallen dales, dales on the palms,
jujubes, and almonds.

 Among those who have eontributed to the study of the field origin of rpisin
marh infestatinne are W. T, Reed and A, W, Morrll), Fr.

ARSTGH- 48 2
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Large populations were frequentiy found in some of these foods.
However, waste fruit exposed to the high temperatures, sometimes
140° F. or higher, that occur on the surface of t}le ground in the sun
is not Jikely to be infested.

Larvae of the raisin moth damage dvying fruits by feeding on the
surfuce andl hunneling through the Hesh, In their wake they leave
excretn and webbing. Much of the feeding on raising consists in
chewing the crests of the ridges, but pits are formed also, Newly
hafehed Larvae often enter vaising at the eap stem, or pedicel, by which
the Derry is atlached, and as the insects grow they may penetrate to
the seeds.  Examination of 12,376 raising tn 23 smuples collected from
the field and held in ihe laboralory until the insects had reached ov
passed the full-grown furval stage indicated that about 20 ‘Uhompson
Seedless, 20 Sultanu, and 9 Museat meising were fed npon by each lavva
duving its developinent.

Frives oL - Wellgrown Tarvie af (e raision ieth and feeding injury on o grape
U 3. Photograph by courtesy of Coaliforiia Deparhnent of Agrienliure,

Atack on drying et fraits—peaches, apricots, nectarines, and peavs
tat ave halved before being spread on frays for dryving—is usually
made in crevices of the dried eot surface. In figs feeding is almost
wholly within the rveceptacle. & protected environment frequently
mirde more =ecire with a bareier of silk spun by the larva neross the
eve of the fruit.  Grapes are genvrally aitacked at the cap stem, but
larvae may penctrate the unbroken skin at other points (fig, 4).

When they have finizhed feeding, the larvae usually leave the host.
naterial wnd seek a tight, dey, davk Jocation i which to pupate, In
vinegnrls many Tuevae hide under the rough bark of the vine teunks,
within a fout or twoe of the ground. but a greaier number enter the
s0i) beneath the vines and pupate near the surface. Tn fruif orchards
well-grown larvae pass the winter in the top 4 inches of soil. where
infested waste fran was present in the full. Lavrvae that are not
well grown in the fall rarely survive the winter.
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PoruraTtions iv Host MATERIALS

Examples of heavy infestutions of raisin moth larvae and pupae
found in various foodt materials are given in table 3. The figures were
obtuined by examining weighed samples of fruit and caleulating the
number of larvae and pupae per ton, The insects were removed from
ruisins by vigorous shaking in a sifter (Donohoe 719) -

TasLr 3.—Iinfestations of raisin moth larvae and pupaec found in
various fruits on farms

Average in-
) festation
Date Source per ton
{ealeulated)
gz - Number
Sant, 20 ~ {If‘irst.—cmp Alission figs, on ground . ... ..., 492, 900
nept. = L Firsteerop Mission figs, buried by cultivation. ... +40, 000
Oct. 4 {l?irst-cmp Mission figs, on ground ... . 372, 500
Ch-eme o MU Wirst-crop Mission figs, buried by enltivation .. (38, 100
1435
Oet. 19, . 0 Calimypes Bes, on ground afler harvest. . - . 85, 800
30, . Adrintic figs, on ground alfer harvest. ..., .. . 89, 400
Wauste Santa Rosa plums. . .. ... L L. 992, 000
Aug. 10 L Waste apricots, on ground_, .. .. .. ... ... . b, 204, 000
Whaste neetarines, on ground.. ... - ... . L. 244, 400
June G . Fallen mulberries.. . ... . ... L . L. 1, 024, 000
1035 _
Bept. 2L ... .. Thompson Seedless raising, on wooden trays... .. 116, 400

There is o period in the spring when food for tarvue of the raisin
wmoth is searce.  During this period the species would suffer a set-back
if it were not for the presence of mulberries.  In 1934, 1935, 1036, and
1937 fallen mulbervies were found on April 9, May 5, April 14, and
May 4, rvespectively. Emergence of the spring brood of adults in
storages had begun, during those vears, by A-\.pt'iijﬂ_. April 25, April 14,
and Muy 4. Sinee little or no other host material becomes available
nntil the fiest purt of June, when early plums, peaches, and figs begin
to drop, it is evident that mulberries are important in the lite of the
misin moth,  Many large trees, chiefly usefui for shade, are to be
found in the San Joaquin Valley, One survey of about 3 scquare
miles in Fresno County revealed the presence of 347 mulberry trees,
Large guantities of fruit go to waste under these trees, Under n tree
thit covered an arven 33 feet in diameter it was estimated that therve
were 330 pounds of diry mulberries.  On the other hand, some trees
bear little or ne fruit. Tuble 4 records the populations estimated to
be present under a tree in Tulare County from May 14 to August 2,
1640,

The presence of risin moth larvae in bunches of grapes that were
deenyed and fermented—a condition sometimes called buneh rot—Iled
to a suspicion that this insect was Iargely responsible for the trouble,
This type of spoilage wag studied in 1958, 19390 aud 1840 by Kaloostian




12 TECHNICAI: BULLETIN ¢94, U. S, DEPT, OF AGRICULTURE

TasLe 4—Estimated vaisin moth popwlations under @ mulberry tree,
1940

Average per | Total under
sojuare foot tree

Number Number
21. 0 59, 367
200. 0 590, 843
136. Q 384, 472
154, 728
203, 544
e anmmam e , 142, 763
2 e —————— e s 135, G906
JUIY Bt e im e . 172, 447
1 . 125, 801
65, 021
16, 962
4, 240

et al. (24). Artificinl infesintion of bagged bunches showed that
black mold und other micro-organisms grew readily on the pulp
exposed by larval feeding. In 1930 larvae established themselves on
nll bunches that had been bagged and infested on and after June
50. Of about 5,000 clusters of grapes examined in 1040, 14 percent
showed spoilage. Only 15 percent of the spoiled bunches showed
avidence of raisin moth infestation. The evidence justified the con-
clusion that the leading cause of bunch rot was exposure of pulp by

crushing and eracking of berries from causes incompletely understood,
infestation by the raisin moth being usually of a secondary nature.
However, the ability of £ phestia fgulilella to maintain itself on grow-
ing grapes tends to increase the population of adults present when
the grapes are being dried, and thus ])mmotes attack o raisins,

The extent to which waste early plums contribute to the increase
of the raisin moth was investigated in 1939 and 1940, Samples of
the fallen fruit, both natural drops aud pickers’ culls, were collected.
A maximum population of 204,000 per acre, not including larvae that
wore parasitized, was indicated on July 24, 1989. Because well-
ripened dvopped plums favorable for larval development were not
abundnnt unti? the latter part of June, it was evident that pluns were
less important than mulberries as eavly-senson hosts. Emergence of
adults from the 1940 cvop was prolonged and was still in progress trom
the early Beauty variety in August, although the crop was harvested
from May 27 to June L.

The supply of raisin moth adults ecapable of causing severs infesta-
tions in drying fruits is nlways plentiful beeause of the variety and
abundance of waste fruils on farms. The infestation tends fo in-
crease us the fruit remains on stagked trays or in boxes on the farm,
as indicated in table 3. Samples were taken (L) from trays that
were about to be stucked for further drying, iu the shade, of fruit
that had been partially dried in the sun; (2) when the fruit wus
boxed, at the completion of drying in stacks; und (3) after storage
on the tarm premises in open-topped boxes, shortly betore the fruit
was delivered to the paclker.
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TABLE 5.~—Ralsin moth infestation in upricels, peaches, and nectarines

sampled after different periods of exposure

<o | Average
Fruil Time of sampling Samples ifa:i”'lh infesla-
ves :
tion

Number | Number 3 Percend
Abstacking_. ... . ..o.a- 7 700 2
Apricots_o .. .. Cmamen Ab boxing. o vaami Y 000 20
Before delivery. e, - oo oo 9 400 a0
Absbacking, oL .. 5 500 0
Nectarines_.. .. _. .. At boxing. e ] 500 57
Before deliveryaaeaaee o oan 4 400 80
Abstanking oL ... 13 1, 300 3
Penches. o oee e oo Ab boxing_ .o ... am— 13 | 1,300 53
Before delivery o oo onaonas 131 1,100 77

Examinations of fruit samples collected on farms have shown that
most of the small larvae present in the full are killed during the
winter. In Museat raising examined on December 15, 1933, the larvae
that were less than halt grown totaled 55,900 per ton, or 8% percent
of the infestation. By February 1, 1934, the number of these small
larvae had declined to 7,500 per ton. Migration and mortality had
likewise reduced the number of full-grown larvae during the sume
interval from 7,100 to 500 per ton.

ABUNDANCE AND SrASONAL CHANGES

To determine the abundunce of overwintering larvue in vineyards
late in the winter und early in the spring, vines wers stripped of bark
with a muson’s trowel, and lnrvae found were recorded. In addition,
g0il samples taken from measured aveas against the trunks and along
the rows of vines were examined by sifting them in the field with a
treadle sifter (Donohos 70) or, if the soil was heavy, by lwinging
samples to the laboratory and washing out the insects in a soil washer.
Table 6 shows the presence of rather low peopulutions in seven vine-
vards surveyed in 1940,

Tanne G—Eyiimated populations of overwintering raisin moth larvac
in seven vineyurds,d anuary 4 to February 9, 1940

Larvae per acre
- . farvas
\ 1Il|.')'lll‘(1 Tms ST T il! S(Jil
On lrueks I snil
Number Nitmber Pereent
1. ; 61 ! 3, 008 02
2. . . | 1,80 90
3 .t 770 H 0
A4 . .t 900G 2,176 i 71
ho . - - 2,129 3, w91 6o
T . 1, 101 2, 534 68
oo .. . . . - 1, 398 362 21
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In a vineyard of the Zante variety of “currant” raising, as many us
160,000 larvae per acre were found under the burk and in the soil on
February 12, 1934, The earliest pupation under bark was observed
in 1934, on March 22,

Larvae are found under bark as late as June, although in the spring
the pepulation is decimated both by overwintering and by parasitiza-
tion. Exuminations of vine trunks in 1932 showed the following
numbers of living Jarvae and pupae per aere: %144 on March 4; 1,709 on
April4; 1,036 on April 195 1,347 on May 11; 419 on May 25; und 207
on June 8,

The most favorable locations for overwintering raisin moth larvae
on farms are vineyards and fig ovchards, both of whick produce late-
maturing crops, in contrast with apricot and peach orchards. Sam-
pling of the soil of fig orchards has vevealed that the hibernating larvae
are concentrated Iargely in 6-inch bands of soil around the trunks of
the trees. In \'iney:u'(?s, also, lavrvue hibernate in the soil near the
trunks as well as in the soil ulong the rows.

Licquad baits were used to obtain information about the spring
emergence of ndults, their relative abundance in various localities
throughout the growing scason, und the time they stop flying in the
fall (Donohoee and Barnes 75). The baits were exposed in 3-quart
enwmel saucepans 9 inches in dianmeter, supported wmong the foliage
of vines or orchard trees. The bait was a fermenting solution con-
tuining one-fourth to one-half pint of malt sirup, a small mmount of
bread yeast, and 2 quarts of water per trap. Asa rule the baits were
renewed twice a weelk.

Flight of spring-brood adults wus recorded in 1939 ns early as
April 7 and persisted until about November 15, In 1932 emergence
wasg at its peak about May 20, and in 1934 about May 11. There was
evidence of three overlupping broods and n partial fourth, In 1931,
1932, and 1933 the high points of moth abundance for the year were
reached late in September or early in October,

Table T shows the cateles of Ephestia figulilella and other storage
moths taken on farms trom 1931 to 1933, The dominunce of the raisin
moth is apparent.

Tavue T.—Helative abundance of raisin moths and other moths infest-
ing stored foods, taken in alt-sirup baits on farmes, 1931-15.43

i ' |
! ) Total I Pereent-; Pereent-
Speeies ¢+ Common name of inseet, | caleh | ageof o upe of
! ' { total | femeles
= i

1
Ephestic fidiletla (‘-rvg.} Raisin moth . _ ... ___. _-E 53, gSg : 06, 80 i,
i X! 3

Ephestin ebutelln {11bn) E Tobaeeo molh i 248 ;) 68,

Ephestia kithnietle "Zoll..t Mediterranean our moth. 178 4 .32 42,

Ephestiodes  nigrella | i 447 .81
IMuist i

Plodia interpunctelic l Indign-meat inoth ! 433 ‘l .78
(1. : [ i i

Pyralis farfnelis (1.) .. Meal snout moth | 157 .83 |

Vitulu serratilinceline Rag. Dried-fruit moth - 6 .01 ;

Alf spocies .. : L 55,249 ! 100.00 ..
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A general idea of the numbers of adults present in fig-drying yards
was obtained by counting the moths that rose from trays of fruit when
the figs were disturbed. The counts were made in the evening, since
the moths ave inactive duri ing theday. Some of the estimates are shown
in table 8, Moths that were in the air at the time of the counts arve not
included.

Tavwe 8.— Raisin moth adults in Mission fig drying yards in the
evening (estimates)

On 2}~ BY 6-Foor Travs

Spread Average Tatal
Date *trays in moths ;:.?ctlhfcy;_
vard por tray | ° e 1)

Nwmber Number Number

Sept. 15, 1082 .. .. ... L 551 5. 17 3, 366
311982, Lo_ Ll L o 214 7. 76 1, 664

¥, 1933 L] e mmmmmm e amame—aan 294 3. 19 944

Ox 2- by 3-Foor Tmavs

Sept. 13, 1933 .. .. 586 3. 84 2, 251
Aug, T4, 00340 676 - 50 38
99, 1984 LIl DTl 760 AT 357

i Cul]c( Lions on this date ineluded moths from Adriatic figs.

Figure 5 summarizes information about the presence of the various
lost thaterials of the raisin moth thr oughout the year and gives some
fucts concerning its status in fall, Wlntel', and spring. Breeding is
continuous hom April, when mulbelnes begin to fall, through No-
vember. Low temperatures and reaing D'Lnel"ll!} halt development
late in November, The larvae are dormant or feebly active from De-
cember through March, during which time adults and eggs are 'lbsent
out of doors. Pnputmn be"m‘s in Mavch or early in April.

THE RAISIN MOTH IN STORAGES
Farr Micration, OVERWINTERING, EMERGENCE

Concentrations of dried fruits in commercial storages late in the fall
after harvest offer good opportunities for the study of certain habits
of the raisin moth. Raisins are especiaily useful for this purpose, be-
cause they are usually stacked out of doors in the boxes in which they
ore received from growers.  As a rule the stacks arve built on timbers
laid on the ground. and there is a roof but little or no protection at
the sides or ends.

Evidence of migration of full-grown larvae from the fruit to winter
quariers consists of deposits of silk webbing on the sides of the stacks
and on the adjacent goil of actively erawling larvae, and of larvae
killed or paralyzed by parasites. Larvae that have reached winter
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Froure 3—Chart of host materinls amd senscenal gtatus of the raisin moth through-
oul the year,

ruarters may be fennd in the top 4 inches of 501l beside or beneath the
stacks, under foundation timbers, loose bonrds, paper, or stones, and in
gintilar places. These that enter the soil or crawl beneath timbers
construct rather substantial cocoons: in certain other locations, as in
the folds of paper, they weave au light protection of silk. A few pass
the winter in the boxes, usually against the sides or hottom.

In the fall of 1934 the peak of migration was reached on October 27,
Movement of larvae from the boxes then declined until it came prac-
tically to an end by December 7.

Mortality of tull-grown larvae during the winter depends lavgely
an the location chosen by the inseets.  Thig is indieated in table 9.
Only i3 pereent of the larvae in a dry location were found to be
flend on March 14, 1936, whereas 100 percent of those laken from u
wel arean were dead,

Small lnrvae of Ephestia figulilelle that are present in raising in
storage stacks ai the boginning of cold weather become mueh depleted
in numbers during the winter. A record made from sumples of raisins
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anLy Q. —Veeldy vecord of winter mortality of raisin moth larvae
Tavses 8.—Weekly d te tality th larva
i an ouldoor raisin storage, 1936

In dry webbing

In moderately
benealh Limboers

dry soil In wetb soil

Mortai-
ity

Mortal-
ity

. 1
Mortal-
Laivae ?t‘t, Larvae Tarvae

Nuwmber | Percent | N umber Percent | Number | Percend

40 580 18
58 639 16
! 73 508 24
: 91 kiithY 17
P 100 136 17
! 100 572 13
Ii 96 1367 | 30

g e At e

! Tnghudes 12 pupae, 11 well advaneed in developmerit.

rollected "on Marveh 18, 1933, indicated a population of 1,576 small
larvae (less than half grown) per ton, only 30 percent of which were
alive,

Migration of full-grown larvae in search of pupalion quarters is
vesumed with the return of warm days in the spring.  This movement
is compuratively lght,

Pupation and emergence of adults in stornge premises in the spring
no doubt are influenced by weather and by the location in which the
larvae passed the winter. In the spring of 1935 records were made,
in the laboratory. of emergence from ecocoens removed from a raisin-
storage shed on May 9. Adults began to appear by May 16 but, as
shown in table 14, emergence was not at an end until July 24, About
8¢ percent t‘mewe(l during the first 12 days of June. The percentage
ot females was about 47,

The moths that develop from overwintered larvae are able to rein-
fest raising to & limited cxtent only. Populations of larvae in the
fruit decline to low levels during the sunmmer after the year of produc-

Taves W0—Lmergence of ralsin moths from overwintered coroons,
1933

_ © Moths " Alolhs Moths Moths
Date  emerp- Trle - cmerg- . Tate emerg- & Dale . emoerg-
Fraar ing ing ! . ing

Number Number Number - Numwber

Aay 15, May 28 22 Jdune 1. 42 . !
16 20. 9 . 11 iG

17. Joie 3 70 . i

I8, 4 40 3
2. 3. 47 4. 2
23 ; .. 142 3. 3
o ; 49 Juiy 1 15

e 0 bt )
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tion, the rvaisin moth being replaced as the dominant species by the
saw-toothed prain beetle {(Jm gephilis SHEEHARGRSTES (L)) (Simnaous
et al. 22y, Tigs and prunes sometimes retain infestations longer
than do raising, but the treud in these fruits also is toward lower
populations,  Apricots, peaches, nectarines. and pears rarely are
found infested by the raisin moth during the summer after harvest.

Fuicnt Hamirs

Tnformation about the flight habits of the raisin moth was obtained
by means of a rotary net (Banes of of. 4. 5) operated in a raisin
storage from Aprtl 14 to October 310 1935, Except for a tew days,
the apparatus was o seeviee day and wight durings (he 615 wonths.
As aorude the eatehes were talien from the nel each morning, bui five
sories of short-interval collections wire ade at night, the insecls
being removed every Uominates. The net was ran in a 12-foot cirele
at nospeed of 50 revolutions per mintle, ot an elevation of abont 3
Teet.

During the season raisin oths (mnplnmi 8 percent of the small
maths recorded. They reached @ seasomul peak of abundance between
Muy 31 and June 8. when the nighely eatebes averaged 4500, On
nishts when temperatures were Favorable, flight began about one-half
heur after situset. The males were aciive Ilnnulrlmui the night. but
the flight of the females wis concentrated Lirgely in the first fow hmu%
of darkness. The moths did not iy at tvmpm.ttmm helow #n° F,
and Hicht was much restricted between 35° and 60°.

Tuble 1L shows the seuson’z cateh of the raisin moth and other
<mall moths that infest <tored Toods,

Tavie eNumbers of vaisin moths and other moths responsible for
infestution of storcd foods, fdeen in g rotury nel in a raisia-storage
geeved in LHOR

Eplesti- - Plodin Mis-

vonth Fphestin Ephestive Fupheg'io Total

T e wele s fatdor- el la- L

fadilelle dntelia bihaiella wigrella punelelin veons muths
Apri} 1§ 30 137 1t i i3l 11 &0 1,217
May 12, 122 17 7h H, 173 3, 03% G 52, 54
Hane a4, 181 1N 16 380 3, 3 S| 103, 086
Auly W, S 1, Gt 0 [T 13 I D £ % 170 63, 2066
BN 24,270 1,273 0l 13 b, 247 121 42, 374
Hoplomber Ly, O3 13 4] 2537 1,699 1% 20, Q48
(etpher 15, 232 293 4] [E] 7,215 bii] 23, 168
oraf- 2HE, N . I 313 842 12305 17, 438 LTI 312,600

I additton to the moths Listed motable (1 sebsiantinl populaiions
af heetles commouly fannd infesiing food materials in ~torge were
taken feom the air by the ver during the same periosd, ax follows: The
foreign geaie bheotle (Vs prs ad e e ¢ Walt) ), 2000050 silken fun-
s beetles (Orypltaphacgas spoi 0476 haiey fungus beelle (Pyphionca
shosearca (Faby, 300127 Luvmophilocns ~p. 05480 dried-frait beetle

1
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attacking 26, 26, 0, 22, and 0 percent of the raisin moth larvae in the
samples.

According to records obtained from laboratory rearvings, fdechthis
caneseens requires, at about 8§27 F.. approximately 23 davs for
development from egg to adult,

Catches ot E'phestia fiquelilella, some of its parvasites, and ot her moths
that infest stored foods, made in muli-sirup traps in vineyards are
recorded in table 12, Cuptures of irrobracon were not recorded,
Catclies of Desmia funeralis (Flbn.), the grape leaf folder, the larvae
ofb\\'hich sontetimes attack clusters of mapes, are also shown in the
tuble.

Panue 12—Numbers of moths that infost stored foods. adulis of the
grape leaf folder, and parasites of moth lavvae falen in malt-sirup
{ _ , puras /
raps s weven mineyards, 1039
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Raisin moth Tarvae and adults are taken as live prey by a number
of predators. but the ngereguie reduction of the population is dillicult
loestimate.  Tonocertain ratsin storages the ant Foraica fusea argentea
Whir. ocenrs in great abundance and has heen observed carrying liv-
ing larvac.  QF the carabid beetles found in the same loeations, the
mao=t common appears to be Plockionus pallens (EF.). o species that
bz consumed eisin moth Iavvae in the ibmatory,  Ant lion larvae
il erivkets of the genus Stewopelmatus likewise oceny in raisin stor-
ares and have fed upon lurvae of £phestic figulilelie in the laboratory,
The bluck widow spider { Zatrodectus waetens (F.)) feeds readily on
Full-grown Iarvie, and thiz spider has been found o occtir commonty
in vineyards (Donohoe 723, On farms poultry consume large num-
hers of migrnting ruisin moth larvae, especially when boxed raising nre
piled in the farm yarcd.

SUMMARY

The inseet deseribed by Gregson In INTL as Ephestia fignliti Ha
first beeame pn important pest of misins in (adifornia in 1923, Be-
catge of 112 widespread ocenrrence in raising, the name “raisin moih™
wits applied to i, The larvae are also general feeders on dryving,
driedcand deeaying Truits, including ripe grapes. raising, figs on the
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sround, Mallen peaches, apricots, neclarines, prunes, plums, and dates,
They lave also been found in cottonseed calke, eacno beans, cashew
kernels, nid other nateriais,

In the central San Jongnin Valley, where the inseet is most plentiful,
mulbereies nre the earliest host foods, and these waste fraits enable the
misin moth to survive oo peried of food seareity.,

Some reeords of the raisin weth oeenrring at sentfered places
throughent e world refer to infested materinls that were imported:
others nee of infeslativns estabilished in storages, Tn Califorain and
Avizona, and probably in Beypt and Anstraling however, the species
maintaing itself out of doors throughout the year,

Pairs of eaisin mofhs provided with water and kept under observa-
Livn wl o temperniore during the stiimner produesl an avernge of
S eggs, of which @0 percent hatehed. "The mades lived for snavernge
ul Pl days nmil the fenmles Tor 16 days,

s held i an inenbator af about 837 19 hatehed in03 1o 6 days.
Ao the sume temperatars the Tarvae veached full growth in anoavernge
of 32 duys. The prepupal periol lasted about 1 day and the pupal
stare aboul 1Y duys, 1)0\'u|lu|mu~nl. from ege to ndull avernged 43
s,

Aer atiaining full size the larvae wsanlly erawl away from their
foud and <pin o cocoon in which to pupate, Most of thene enter the
soil, bt many seelk croviees ander the rough bk ol grapevines,

Winter is possad as larvae. Those that suevive translform to popae
m the spring. Adidis begin to enwerge in Apeil and they reach a
~pring penk of abundasee in May.

Whore large quantities of new-erop fruil ave bronghi fogeilior, as
i raisinestorstge yacds taevae that began growth where the froit was
pronlieed contimue o develap, s they attain Tull 2ize they migrate
awny Fram the host maneriadss Uoder sueh vomditions large numbers
of larvae ot have campleted their damage fo fhe fraif appear late
i Oeioher ar early in November,  The adalls that emerge the fol-
lowings ~pring are ol ne preal lmpertanee iu siorages, hocsuse the
spevies s not very suceessful inreinfesting dry, stoved Truit doaring the
simier follvine linrvest.

The moth begin light oo warm nichts abont one-hall houe afier
sisel wad eontinue wntil soprise. Flight and eg laying of ihe
femnles i~ caneentrated Taraely e the liest Tew banes of darkness,

OF e three parasites of raisin moth laevae—MWierobiacon hebetor
LRy, Feles Btk capeser s LG and e sovte i gravilis Cress—
only the Tirer I abiudast, Sinee i ordinneily attaeks anly Lo
that Bypve eopleted cheir Teeding, it is o that vespeet ineflective.
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