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< ECONOMIC IMPORTANCE

tl':'The pepper weevil (Anthonomus cugenii Cano) (fig. 1) is a seri-
‘Unc, pest of peppers (Capsicia spp.) wherever they are grown in the
Wuthwest. especially in southern California, Texas, and New Mex-
& In ¢ '1111 ornia, where the industry is the hrﬂest, it has caused
15530& to growers amounting to 50 pereent of the ¢r 0p N Some yoears;

Texas heq\'\ losses have been experienced every few years since

04; and is sonthern New Mexico there have lieen serious losses
periodie .a]]y?lm severnl years,

1anthonemits cugenii Cuong ovder Caleoplorn, family Carculloonldae,  Also called the
c‘lli]i woepvil, and o Mesiea the * harrenilio”

T Npw assisinoet entommolsgist, Tvisivn of "Peock Ceap and Garden Tnseets, Duoregn of
Lnlumoln"v agd Mont Lrusrnntine,

T Phe il orst hanks aee due bo A, G Tiaving, of 1he Thvision of Tuspet Tdenfifieation
of 1he Tureny of Eontomolagy ol Pland Quaeenatine, for deivwing the levan and pups and
agsisting with the Inrval Jdes ian, nad fo Mreso ML, Beason, Division of Truek Crap
andl (Geeden Tnsects of the sane Borenn, for deawing (e laeval nonthe paris, Acknowd-
edgments lueve Deen maedy b the text to Lhose who bave assisted Do determining wnierlad,
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Prior to 1923, when the pepper weevil was ficst reported in south-
ern California, from 8.000 to 10,000 acres in this State alone were
devoted to papper growing, and the crop was valued in excess of
$1,000,000 annnally. In southern New Mexico about 3.000 acres of
Peppers are grown each year.

During 1924 and 1925 the average loss from weevil damage in
California was light, ranging from none in many fields to 50 bercent
in 1 or 2 small fields, In 1920, following a mild winter, the loss to
the industry wus estimated at 50 pereent, or about $500,000, Tn
many flelds the crop was a total loss by midseason, and in ‘others it
was common to harvest only one-fourth tou per acre where 5 tons
were expected. In 1927, following n severe winter, the weevil ap-
peaved Iate and in small numbers. and the average loss was esti-

Fiorse 1L—"Two views of he pepper weevil (Antlionomns cogedi Cang), w10,

mated at less than 15 percent. In 1928, following a mild winter,
infestations were again heavy, and the avernge loss was ahout 25
percent, with n range of damage, in the fields examined, from loss
than 1 to 75 percent. The losses would have been heavier had not
control measures been practiced by u large number of growers. In
the hope of reducing these losses, a Inboratory was estublished in
southern California, and a thorough study has been made of this
insect and of the injury that it causes.,

DISTRIBUTION

A survey in California in 1924 showed the weovil to he present
in Lo Angeles Connty near La Habra, Puente. Pomons., Norwall,
Long Beach. Ahambra. and San Fernando: in Ovange County near
Follerton, Anaheim. Garden Grove, Santa Ava. and Costa Mesa s
in Riverside County in the ¢ity of Riverside: and in San Bernardine
County né Chino. At the end of the 1925 season no acdditional dis-
tribution points were noted. “The senson of 1920 was characterized
by very heavy infestaiions, and the weevil spread to San Onofre,
Bonsall. and Vista in San Diego Connty. In 1027 infestations were
diseovered at Fontana, San Bernardine County ; at Saticoy, Ventura
County: and at El Cajon, La Mesa. aml Oceansidle, and in the Mis-
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sion Valley, of San Diego County. By the end of the scason of 1928
weevll infestations were commen in all the pepper-growing sections
of the connties of Los Angeles, Ventura, San Bernardine, ﬁiverside,
Orange, and San Diego.

In Texas the pepper weevil has been reported from the counties
of Kendall, Bexar, La Salle, Cameron, Kerr, Kleberg, Hidalgo, Har-
ris, Atascesa, and I8l Paso. In New Mexico it has besn reported
from the counties of Eddy, Otero, Dona Ana, Luna, Hidalgo, Grant,
Sierra, Chaves, Socorro, and Berrnalillo.

In 1927 the weevil was reported from Douglas, Ariz., approxi-
mately 114 miles north of the Mexican boundary, but there are no
other reports of its occurrence in Arizona.

Fioure I.—DMstribulion of the pepper weevil in the Southwestern Btates.

Reports of the oceurrence of the pepper weevil in Mexico indicate
that 1t may be found in the States of Zacatecas, San Luis Potosi,
Jalisco, Guansjuato, Durango, Sonora, Sinaloa, Morelos, Vera Cruz,
Guerrero, and Oaxaca.

The pest made its appearance in Honoluln, Hawaii, early in 1933,
and has been tound widely spread on the island of Oushu.

A mup of the Qistribution of the pepper weevil in the Southwest
is shown in figure 2,

HISTORY

The first published recovd of the pepper weevil as a pest of pep-
pers appeared in 1894, when Cano (#)* described it as Anflhonomus
eugenei, from Guanajuato, Mexice. In 1903 Champion () described
it as A. wencotinctus, giving its habltat as Guanajuate, Tupatare,
Sayula, Jalapa, Orizaba, and Amuala, Mexico.

fItelic numbers in parentheses refer to Literature Cited, p. 28,
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Tho earliest record of the ocenrrence of the pepper weevil in the
United States was made in 1904, whon Walker (7J5) reported sweet
peppers collected at Boerne, Tex., to be infested with a species of
Anthonomus determined by Sehwarz as 1. eereotinefus Champ.
Walker briefly discussed the habits of this species and the serious-
ness of ity damage to peppers. and gave a short general deseription
of its different stages. ~ According to pepper growers in that locality,
the pepper weevil had been noticed theve during the two preceding
seasons and had caused “a loss of more than one-third of the crop
each year.” TIn 1907 Pratt (7.2) reported that many track growers
at San Antenio, Tex., had given up the growing of peppers on
aceount of the destructiveness of the sweevil the preceding yeur, and
that in one field this pest had attacked fully 80 pereent of the pods,
Pratt, expressed the opinion that the pepper weevil had been intro-
duced into the United States from Mexico. It seems that peppers
grown in Mexico and shipped to several localities in Texas were
reshipped und sold as grown in this State. If these peppers had
hecome. infested in Mexicu. the Insect might easily have been intro-
duced into the United States in this manner.  According to Pratt,
pepper weevils had been collected at Tiahualilo, Durango, Mexico.

In 1909 M. M. Tligh reported the loss of an entire crop in the
lower Rio Grande Valley in Texas from the ravages of this inseet,
but he failed to find the weevil again until 1813, when he observed
a few specimens. In 1917 R. M. Halstead, San Luis Potess,
Mexico, sent several green peppers infested with weevils to the
Bureau of Entomology of the United States Department of Agri-
culture, referring to them as a “serious menace to peppers.” In
1921 J. M, Del Curte, of the Texas Department of Agrienlture,
reported that & weevil was destroving the pepper crop in the lower
Rio Grande Valley, and that *in some instances the plague was so
serjous that the entive crop was lost.”  Specimens that he sent to
the Federal Bureau of Entomology were deterntined as dnthonomus
eugenii.  Another note showing the presence of the pepper weevil
in Mexico, and throwing Jight on its possible introduction from there
into the United States, was furnished by the Cabfornia Department
of Agriculture. It states that © C. H. Vary at Los Angeles, in Joly
1992, tock a number of specimens of Anthonemus eugenii Cano from
a shipment of Mexican-grown peppers.” In 1924 Charles H, Gable,
San Antonio, Tex., reported the pepper weevil ag n very serious
pest and stated that the growing of peppers in that locality was
nsually abandoned after the middie of July becanse of the sericus-
ness of the infestutions.

The first authentic record of the pepper weevil's oceurrence as n
pest of peppers in California was made in 1923, when Camnpbell
{7) reported beavy losses to growers of bell peppers at La Hubra,
Alout the same time the weevils were alsn found near San Juan
Capistrano and in the Sun Fernando Valley, In 1924 infestations
were found to be general over Orange and Los Angeles Counties.
Pepper growers claim to have observed the injury for several years
previously, describing the damage as “ worminess ” or “ drop.”
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HOST PLANTS

The host plants of the pepper weevil are limited to genera of the
Solanaceae, Capsicum. (pepper) and Selanum. {nightshade). The
conmmon variebes of the pepper, €. annyum L. the pimiento, ta-
basco, chili, and bell peppers, as well as ¢, baecatum 1.8 are very
susceptible to weevil attack, bat varieties bearing the thinner walled
froit suffer heaviest losses. The pepper weevil 3s common on black
nightshade (S. nigrum L.)7 (lig. 3) in pepper-growing areas of
southern Califormi, breeding in the berries and surviving on the
abundant foliage of the perennial form douglasii during the winter.
Other wild nightshades upon which the pepper weevil may veea-

Fusvas d-—Nightshade {Solamnm wigram}, wild host of the pepper weevil,

stonally be found when growing near infested pepper fields are
S.wanti A, Gray, S. umbelliferwm Bsch., and 8. villosum Mill. Adult
weevils iave also been found on two species of ornamental night-
shade (S. glavewm Dunal and S, aviculare Forst.) during the win-
ter. On several oceasions two varieties of eggplant (8. malongena
var. depressum Bailey and var. esculentim Nees) have become in-
fested with the pepper weevil when growing near heavily infested
pepper fields. From the standpoint of cconomic losses, the pepper
15 the most important host plant.  Black nightshade s also important
because 1t is continually & soaree of infestation of pepper ficlds.

fYones and Rosa (7} refer to Irish (1888) as stiax {he wvariclies of popper In the
United States under two species, Cgppsienm anndam and €, fridescens, and o Talley
{1i324) as listing them il poder one speeies, O frafescens,

g apectes prows wild in gounthern Mesas and dx enltivated {o some extont {liere and
In Cullfornin. Delermined ng Capsicasm boeeafwm By Meso I B MeDonnid,

TN, L. Gardner, curator, and W. W. Hobbins, professor of hotany, Uaslversity of
Celifornls, recoygiixe only oune spocivs {Selenpm wigram) of bleek pightshade In Onall-
forain.,  Jepsan (8} lists 8 algeese as Lo goooal form and 8 dowgtesti Dennl as the
perennint {or,
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Other plants® of common oceurrence in and near pepper fields
which have been tested as hosts include Amaranthus graecizans L.,
A. retroflexus L, Ambrosia_ psilostachye DC., Bidens pilosa L.,
Brassics sp., Ohenopodivm album L., Datura stramonium. L., Daucus
carote L., Helianthus sp., Lycopersicum esculentum Mill.,, Malva
borealis ﬁ’allm., Medicago hispida Gaertn., M. sativa L., Melilotus
indica (L.) All, Physalis ixocarpa Brot., Saliz sp., Salsola kali
tenuifolia G.F.W. Mey., Sonchus oleraceus L., Urtica wrens L., and
Zea mays Com. The adult weevils fed sparingly for a few days on
several of these plants, but egg laying was not observed in a single
case. Eggs that were transferred to tomatoes and the pods of Datura
sp. and potato failed to develop. Eggs and youn% larvae {ransferred
to pods of Physelis ivocarpa ({zeveloped in & number of cases.

Figung 4.—Dimiento pepper pinnts, showing pepper-weevil Jamage.

Cano (2) says that the pepper weevil may feed on corn, but the
writers have Leen unable to compel adults to feed on young corn
plants,

CHARACTER OF INJURY

The most importa it damage is the destruction of blossom buds and
immature pods. {Figs. 4 and 5.) The crop may be entirely logt if
the infestation is both severe and early. The stems and calyces of in-
fested pods first turn yellow, and, asthe grubs continue to grow, the
stems begin to wither at their junction with the plant. The pods then
turn yellow or prematurely red and fall from the plant. Very often
they are malformed. In muany cases the frst sign of infestation that
the grower notices is a few fallen pods, but by this time serious dam-
fige may be already done and within the next 10 days a large part of
his erop may fall,

#Tlants determined by N. L. Gardner, of the University of CTulifornia, nnd Fravk
Ierson, of Pasadens, Cullf,
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Freoue §—a beavily nfested fdold of Californin el peppers, showing cancentration
of infested pods g oeud of row whope Frrigation water has carclod thew,  Infestntions
Lecome very hemvy on plants surrounding seeh plaves.
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Even if a few infested pods remain on the plant and reach ma-
turity, they are often muarred by weevil exit holes {fig. 6}. The feed-
ing of the grubs within the pods causes the seeds and cores to turn

Tiapre Go—Infestol ehili-pepper pods, showing lavvae, 1ypical blackened couditiun of
seed eole, amd oxtt hiodos

black, and often an entire core becones a mass of decayed tissue and
frags. Pods thal appear to be seund may show this condition when
opened {fig, 7).
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Feeding punctures in the pods do not materially damage peppers
intended for drying, but they appear as dark specks at the bottom of
depressed areas and Iower the quality of fruit used green or for
canning, In the latter case the punctures appear as black spots when
the peppers are cooked.

Damage to blossom buds is similar to that done to pods, the larvae
within the bud causing it to fall. Unless weevlls are very numerous,
however, this natural pruning is not serious, since the plant always
sets many more buds than are needed to produce a normal erop and
these are lost even when not infested. Feeding punctures in the
buds cause them to drop.

FIsung 7.-—tfnry (o bell-pepper pods by (he poper weevl,

Buds and immatiure pods are susceptible to weevil attack at any
time, but weevils are unable to puncture mature pods beeause of the
resistant character of the epidermis. In favorable localities the first
fruit matures before the woeevils become numerous, and sometimeos
good yields result in spite of heavy infostation luter in the season.
Late crops and those intended for winter production are often entirely
destroyed.

DISSEMINATION

Dissemination is accomplished by flight during the active season
and on wirm days during the winter. The weevils have been ob-
served in flight in every month of the year, The transportation of
infested peppers, picking sacks, and Young pepper plants has Leen
known to introduce the pepper weevil into now localities.  On thiree
oceasions adult weevils were known to have Leen earried about 15
miles on the windshield of an antomobile.

GOBGH"—3d——n
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SOURCES OF FIELD INFESTATION

The carliest infestations of the newly planted pepper fields in the
spring generally originate from nightshade growing aleng diteh
banks, fence rows, at the edge of wooded areas {fig. 8), or around
buildings, or from pepper plants that have lived through the winter
(fg. 9), and they usually begin in the part of the field nearest one of
these situations. In the season of 1998, carly infestations in 18 out
of 20 loeations were traced dirvectly to nightshade or to old pepper

A
A
e

Ferns B.—Nightshade ns o souree of Infestation at (he edge uf 1 cuenlyptus grove,

fields, and in 1929, 14 out of 18 early infestations were traced directly
to nightshade. Later infestations are due largely to dissemination
of the inseets fron: the first ficlds to become infested.

The degree of infestation is easily corvelated with the relative
number of weevils overwintering in each loeality., Weevils have
been observed breeding in nightshade berries throughout the growing
season, ancl their flight inte pepper ficlds had some effect on the
progress of infestations.

Another sonree of field infestutions is the seed bed. Weevils in-
festing seed beds, which are usually under cloth, have been known
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to complete one generation by the time the plants were ready to be
transplanted.  When the plants are distributed the weevils may be
scattered. -

PROGRESS OF AN
INFESTATION IN
A PEPPER FIELD

Inapepperficldthe
normal  infestation,
based on the nuntber
of punctured buds
and pods {referred
to as “forms”),
is not more than 1
pevcent when the
first buds have ! .
for:ned. The POCT-  Fieurr D.—Iulestol pepper feid In which epps were fount
centage may increase oG TRE B B bt dane per plan b S
in proportion to the
number of weevils entering the field. The infestation gradualty
spreads over the entire field and then incresses in intensity until
sometimes it Is ualmost impossible to find s uninfested immature
pod. Aninfestation
may or may not be
uniform in intensity
throughont the field.

7 Fignve 10 illustrates
the progress of an

infestation by show-
ing the characteris-
fic -curve represent-
ing pepp}u--\\'eevil
merease.  The per-
centages were calen-
Inted trom counts of
nfested and unin-
fested forms in rep-
resentative  34-acre
plots in two fields,
3 plots in fReld 1
awd 2 plots in field
2. A tobal of 30
plants at 9 different
points were exnm-
ined In eachr plot.
The number of
forms  counted b

% .
each exaannation
T SEPTEMBER OCTOBER ! It A
JuLY AUGUS ranged Tfrom 828 Lo
Fiovry 10—Progress of pepper-woeevd) Infestetion e (wo P——
tholis, 6,708,

INFESTED FORMS [PERCENT)
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DESCRIPTION
ADULT

Champion’s description (3, -p. 769) of this insect, which he called
Anthonomus agneotinctus, is as follows:

Subovate, shining, nigro- or rifo-piceons, with a bragsy lustre, ithe anteanne
(the club excepted’, the hase of the fomorn, the FHbite, snd trsi rofo-lesen.
ceous or festuccous; somewhgt thivicly elothed wiih eonese whitish or Mo
cehreous pabescence, whieh is denser on the sculellum mud is sometimes hore
and there ¢lustered into smpll fascvicies on fhe elytrn, Itostrum (&) Lurved,
moderntely stout, a1 litile fonger than {he lhiead and prothorax, ruguioscly
punchitte and obsoletely cavinate, (9) more clongute, the antennie in the &
inserted al about one-third, nnd in lie 2 at aboul two-fifths, from tho APeX,
Prothornx trausverse, nurrowed and cousiricted In front, elosely punciate,
Blytra about once-hnlf wider than the prathorax, subparallel st the hase:
deeply punclatesirinte, Femora ench with o smoll {ooth: anterior amd intop-
mediate Hbine strongly sinunte within - tursal elaws with n long tooth,

Var, The prothornx with three narrow vittae, atud the elytri with altornnte
interstices in part, elothed with whitish, and the rest of theiv sarfice with
vehreous, paboseenco,

Length 234-24%, breadth 14-17 millim, (&),

IFah, Mexico, Guanainato (&ali¢), Tupntare, Suyula, Jalapa {Mige), Oviznba,
Amula (I, I Smith),

Very like A, mewicanus, and perbaps an extreme form of i, but u Tittie
Inrger and with the pubescence in fresh speclmeny nearly os dense as in
A grandis. The voviety is represented by bwo femudes from Amula,

Champion later (4) acknowledged Cano’s ecarlier description
under the name dnthonomus cugenis.

The authors have considered it advisable to redeseribe the nsect,
including characters that weve omitted from earlier descriptions
and noting certain variations.

Anthononns eugenit Cano.  Robust, subovate, convex, nigropiecous to nigro-
testaceous, the integument strongly shining and often with n brassy luster;
Lenk rufopicceans to nigropiceous, hoad nigropiceous, joints of antennae ruofo-
testneeous, ciub pleeous; legs varying from pleeous, with bases of fomorn
nmt apices of tibine testueoous o rufotestacecus, Lo rafoicstacvons with fhe
tihine somowhat dnvker and bases of femeors nigroteshacoons: body  ¢lothoed
with gray ov ochriceous, Nat, senlelike hatlrs, densely on the elytral intervais,
sterna, aad finnks of the abdenoen, very densely on the seutetlum, and rather
spvsely on fhe legs, prothormx, and hweul,  Tienk faivly stout, moederately
corved, one-sixth longer than the head and prothorax, rogosely punetate, more
strongly so basally, with 1 serfes of § faint earinue, 1 dorsocontral and 2
on cuch side, extending o or slightly heyond (ke insurtion of the nunbenning,
Hend ihick, convex, with sparse shaliow punctures; eyes ronmded, convex.
Antennae fairly long, thiu, the club oblong.  Prothorax not strongly convex,
strongly and densely punetaie:; one-third wider fhan tong, slighily narvowed
behingd, base truneate; apex frunenie, fwo-thirds nx wide ag buse: =ides sub-
parailel to the anterior three-fifths, fhonoe strongly converging, with a very
stight constriction ut fhe anterior fifth or sixth,  Scutellum smitll, oblong-oval,
Elytra strongly punetate-strinte, the intervals appeathng smooth, but minutely
and sparsely punctulate beneath s sonloy, flat; together one-third wider st
bnse than the base of the prothorax, one-third longer than wide: Lumeri
|wominent, rounded, sides subpartllel lo (he middie, thenee smoothly, evenly
rounded, apices sepuvatety rounded; low, rounded protubcrance on declivity
of cach ciyviron, just suterlor to junction of third ang eighth strine. IPpimoera
cach with a small, acute tooth, those on the anterior femorn longer and
sharpor.  Anterior sad middle tibine sinuate within, posterior fibine less so.
Tursi spongy bencath, rafolusticeous, tarsnl elaws black, oach with o long
tontlt within,  Length, oxclusive of bealt, 1.9 o 3.7 mun, averaging about 3 nin ;
width 1.1 to 2 mm, averagiog 1.7 nun,
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In most specimens that have emerged from pupae in capsules the
elytra are completely clothed, In others there is a denuded area
on each elytron. In young specimens this is sinall, extending from
the posterior three_fifths fo the posterior four-fifths and between
the second and fourth strize. In older specimens it may be much
enlarged, extending from the middle to the apical four-fifths and
between the first or sccond and the seventh strine or even farther.

The udulf pepper weevil is about 3 mm long and 1.5 to 1.8 mm
wide, The gize varies nccording to the food available for larval
development. The thorax and wing covers are clothed with an
ochracecus pubescence, but the derm may vary from light brown to
black.

There ave marked, though somewhat variable, differences between
the secondary sex characters of the male and femnle.  The characters
which follow are, according to Dietz (5, p. #78), common to the
Anthonomini and therefore applicable to the pepper weevil :

Beak of femnle more slender wd <lightly lonzer than that of male, bnt
usualiy less conrscely punctured and more shining,  Anltennac insected slightly
farther from tip in nntle, and beak when observed from above nsaslly appearing
to taper slightly From cavh end townrd the middle,  Abdomen of male showing
eight dislinet dorsal segmoenls, tevminnl semment (prgidinm) uot being en-
tirely covered by propygidinm as in fhe. {female. Himd tibial muero much
broader in male than in female, The characters of the boak, however, nre
usuaily sufficient to determise the sox, whon both are present,

THE EGG

Average length 053 mm. diameter .39 m; poarly white when first Inid
hut Iafer yeilow ; usunily oblong-oval, but sometimes having irregulne shapoe of
cnvity in whieh it lies; shell smooth, shiny, {lexible, and rather tough.

THE LARVA
(Figs. 11 and I2)

Mauatnre Jarva about 6 mn long, oylin-
drical, amd curved (e 117, Dody white,
although appearing gray when digestive
tract i fliled; head yellowish Dreown with
Brown marging nnd dak-brown mandiides,
Prothorax slightly parrower (han mesotho-
rax or metiathorios, which are alimost as
wide ns first atklominnl segmonts, No up-
nspal  arrangement of hady  areas, but
limiting grooves shallow or gbsent.  Dio-
thorax  with  continnous  dorsal  selovite
currying 7 setne o vuch side. Mesothoinyx
wnd metathorax  ench showing 2 dovsal
boiges, 4 presenteilar aven {ps) ool n fused
seitoscateline aren  {&e-sel) ) preseutellar
nrea carrying 1 mingte sels, seatoscuteilar
aren 3 osetae on each side; alay avea (o)
present, careying 1 setn. edol lebes (p)
distinet but net protuberant, ench arey-
ing 4 setae. First to fourth nbdominad
sepments with 3 dQorsnl ailges ench, i
proseutial (psed, o sentud {se), dand g seu- Fioeps It--Larve ol Anthonamus
fellar area (sel) ; vest of abidominml seg- etigeatt, X12
moents without distinel dorsal arens,  lopi-
peural Iobe {e) cireminr and Inrge bat poorly deflned on all abdominal sep-
ments, the tuteroventral furrew being almost indistinguistinbie, Hypnpleoral
areas {#) and sternal nrens present bul indistinet, Setae minote snd asually
brokett off, but oecisionally distingnistubie en one or a few sepments; dis-
tributed on each side as foliows: I on prescutad, 3 ou scutellnr ares, neone
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on seutzl. Posterlor end of ninth abdominal tergum prelonged into a (hick,
rather short, conicul projection; tenth abdominul sepment wart-shaped, with
large anal opening. Spirncles (fig. 12, ) small, biforous: spivzeular opening
(0) wnp-shaped; air tubeg (t) directed posteriorly, each tube with & or 6 annuli
(nn 1, ann 2}, and eloging apraratus with 1 long amd 1 short arm; 1 pair of
spiracles on wesothorax, § on abdomen, all lateral und of equal size,

Fgore 12 —Larval parts of detfionomus eugesiiz A, head eapsule, darsal view, w2,
oepipharyne 32000 0, mamdible, venttl vhew, N1TE: A, nmodible, dorsal view,
XWas B flaely crenclie margln of mandible, 30060 &) spiracle, %306 ¢, antenna,
Xalt; A, muxtla nod dabium,” 1255 4, magitary lobe and palpus, s,
Hend eapsuie (g, 12, 4) light amber, with msrgins, parlicularly anterior

margiin, much disrker: head abont as wide as long, sldes rounded; epicranial

and frontal sutures rithor distiner; epiernainl wmedian salore about half lengih
of ¢ranium,  Frons subirisugular, with distinet dark wedian lne iodieating
citting ranning from posfecior angle to sthond {he middle; suturid muarging
irregnlarly sinuate : trons with 2 paire of large setite, 3 pairs of sl setue, and
1 palrr of sensory spots. Ocelll lorge and Jistinet, immedintely bolow the
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antennae, 1 on each side of hend. Antennn (fig. 12, ) two-jointed; basal
Joint (b) dome shiped and cerrying 3 small taectile hairs, middle one longest
and about length of apical joint; apienl joint () mammiinte, elongute, somewhat
pointed, and with a smali eylindrical ring at buse. Clypeus ubout three times
as wide 45 long, Labrum brosdly transverse, anterior margin showing 2 lateral
lobes and 1 median lobe; posterior margin prolonged into n triangular projection
and covered by clypeus; on each side with 2 well-develeped setue near anterior
margin, 1 of similar size at posterior margin, and 1 sensory spot,

Epipharynx (fig. 12, B} having (1) on each side a lateral group of 3
stout, elongate-ovate, turved, apically pointed setue, puter sety marrower than
others, setae arrenged in obligue series; (2) neur anterior margin & parame-
dian trisngularly arranged gronp of % setue, the anterior inner seta elongate
and pointed, and the other 2 small and short; {3} inside nnterior end of each
epipharyngea?l rod 2 setae, 1 {n front of the other, both stout, somewhat cirved,
eloongate-oval, and pointed. Mandibles (fig, 12, € and D) strong, subtriangular,
with bread base and henvy comdyle; apex provided with an apieal and a sub-
apical tooth; facing the buceal cavity with n hollow, gonge-shaped part having
margin finely crenulate {fg. 12, ¥) and limited pasterierly by a semiglobular,
rather distinct deunticle, Muxillae (fig, 12, I) with cardo and stipes of shape,
proportional size, and setal armature typienl of curculionid larvae. Maxillary
Tobe or mala (fig. 12, H) reaching to middle of apleal joint of pualpus; dorsal
and ventral surfaces smooth, lightly selerotic; dorsal surface with a longifudi-
nad row of 7 strong, slightly curved, slender setne; ventral surface nt tip with
4 minute setae. Maxillary palpus (fig. 12, H) extending slightly heyond mula,
two-jointed ; proximal jeint thick, subcylindrical, almost as long as cardo,
Learing on ventral side 1 sefn and 2 sensory punciures; distal joint fingeriike,
beuring several terminal papi’lae. Subfacinl area entire, subdivision into
mental, submentul, and maxillary articulating srens not marked; on euch side
3 well-developed setae, Prewmentum posteriorly limited by &u anteriorly con-
cave, in the middle spearlike, sclerctization; I seta und 2 to 4 sensory punc-
tures on each swle, Labial palpus short, two-jointed, distal joiut eylindrienl,
three times as long us wide, with severnl smull terminal papiilae; proximal
Joint very short; ligula bhearing 2 small setue.

PUPA
(Fig. 13)

Length 3.5 to 4 mim, width 2 mm.
Uniformly white when first formed,
Head of mwoderate size, round, and
bent completely Dbelow prothoracie
shield, the entire anterior free mir-
gin of which is seen in ventril view
of pupa. Eye cases of moderute size
angd distance between them less than
width of heak, Benk long and slender,
reaching nearly to posterior margin
of metathoraciv sternum.  Antennae
veuntrally pluced, geniculite, terini-
nally reaching te Interal muarging of
nupi and on level with insertion of
first pair of legs, Prothuracie shield
lurge and dome shaped  dorsally.
Elytra, wings, and tarsal tips of third
pair of legs nll terwinating at sixth
abdominal segment; Lips of wings not
covered by elytra, Ninth dovsul ab-
dominal segment mucl prolonged lat-
erally sinuute, bosally broad, apically sclerotic, and narrowly deeply cleft, with
the apices of lobes not divergent, us deseriliod by Pierce (10, p. 871). Al setue
vellowish hrown and of moderate size, those of the prolboracic tergum some-
whit lJarger and more prominent. Setnl arrangement ag Tollows: On enel
side of head 1 seta mear foner murgin of eve.case umnd nbove if, 1 seta at hase
of benk, and 2 setue in front of insertion of antenna, On oench side of
prethoracie tergum are inserted 3 anterlor, marginal! sctae, ail arising from
tubercies; 2 paramedinn setae, 1 more anterior thau the other, both arising
from tubercies, the more anterior setn with o minute setula Inside its base; and

Fiopee 13.~=Pupa_of Awtlensmur cugeniis
4, dorsal view ; B, vepteal view, X125,
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% gefae In e transverse e exteriorly near the posterior murgin, the distances
between thein abont equal, On cach side of the mesothorgcic tergwmm are 3
smail setue close together in g transverse Hne, aud on enclt side of the meta-
thoracie tevgmn ore alse 3 setae, simblarly arranged in n tronsverse Jine, bat
Iarper than the covvespanding mesathorneie wotpe and farther apart, On the
sbdaminal segments uve, on ouch side, ¥ doesal setae i @ transverse line ou
the first o the eighth abdomined segmends and 1 luteral setw on each pletru
of fthe frst to the cighth abdominud zemaents,  There are ue selue o apy
abdominal sternmn,

WEEYILS SOMETIMES MISTAKEN FOR THE PEPPER WEEVIL

Several weevils are found associated with the pepper weevil, and
some of them vesewble dafhononus cugenil so closely thut they
are often mistaken for it. . C. Fall has determined five of these
weevils as follows: A. ornafulus Dietz, rarely found on peppers;
. solani Fall, occurring on nightshade ; lurageges macwlalus Lec,,
oceurring on sunflower and often on peppers: Smicreays sp., breed-
ing on pigweed and sometimes found on peppers; und Desmoris
constrictus {Suy), common on sunflower and often found on peppers.

FOOD HABITS

Adult weevils prefer buds and teader pods of peppers, but in the
fall and winter when these are not availuble they feed upon the
leaves, and they have been known to subsist on the burk of green
stalits near the ground. They also feed upon the buds, berries, and
folinge of nightshade. aud on the buds, flowers, and pods of egg-
plant. Both male and female weevils feed by eating holes in the
pods or buds. These holes nre similay to the egg punctures made
by the feinales, except that they are often considerably larger.

The lurva, upon hatching from the egy, begins feeding on the
surronnding tissue, confining its activity to a single bud or pod.
Larvae may feed and develop in the wall of the pepper pod, bat
they are more often found in the sced and seed corve. If the food
supply becomes exhausted before normal development is complete,
the larva either dies or transforms to a dwarfed adult. Adulis
have been observed to emerge from buds not Inrger than a nermal
weevil, in which case the weevils were unusually small.

SEASONAL ACTIVITY

The weevils spend the winter on nightshade or on such pepper
plants as five through the winter. There seems to be a definite
migration to and concentration upon nightshade in the fall {table
1), The weevils feed upon the nightshade foliage until the bervies
begin to develop, which is usnally in April but may be as early as
Tebruary, and then oviposit in the berries. One or two generations
muy develop in nightshade berries before peppers are large enough
to necommodate developing larvae. In the laboratory weevils have
been known to oviposit in the small blossom buds of nightshade
and the eggs to develop into tiny adults. In areas where peppers
are grown as u winter crop the weevils ure active on them continu-
ously, though breeding muy be considerably reduced during the
cglder months.
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TABLE 1—Occurrence of the pepper weerit on wishishade and pepper plaits
Auring winler and curty spring*

Weevils on| Weevils on
repper ! nightshade
plams !

|
|

Number . Nuwmber © 192 Nt mber
1894 U] I" November &0
1&] i DPecember 41 | ]
1,082 % Innonrs 8. ... .. . 138 {1}
.f\&prj: '.:[_) @ '.',g(% Ldnnuary oL i,
April 20. . ! 50 - : .
" v

| . Weevilson | Weevils on
[ pepper | niglitshade
i
|

|
i
plints ; planis i plants

i . Nuwmber |
L

T4l

! The nightshade end pepper unts from which {hiese reeards were tuken were in the same locaiity. Counts
were ade by beating the planis over 1 conrse scrven with o big benesil. Py pepper nhants pod the
equivalent amount of nightstide fnlinge wers taken Az units,

2 No count 1oy,

# Na pepper pluaits nvaflalle,

Overwintering pepper plants in favorable situntions may set buds
thronghout the winter, and the weevils may oviposit in these buds
very early in the spring. In 1931 buds containing eggs and larvae
were found on such plants ax early as February 20 (fig. 9.

In the newly planted
pepper fields the first huds
begin  to set when the
plants are about 8§ to 10
inches high (fig. 14).
This may be as early as
the middle of May, but
is usually in June. " From
this time on, the plants
are capable of being in-
fested, and weevils mov-
mg from the nightshade
and old pepper fields dur-
ingr the spring flight find
these plants and oviposit
in the buds. Luter, when
the young pods begin fo
develop, these also are
attucked.
rovCrent, ek and fapfly  PeEes 5o e it o o s i
between peppers and
mightshade during the suminer.  Sowme weevils are present on night-
shade thronghoeut the sunimer, and it is probable that a portion of
these remain there and oviposit in the berries throughont the year.
In situations where the nightshade lias become infestod from adja-
cent pepper fields, and where no peppers were nearby the following
season, weevils are known to have survived into the second fall: but
since the nightshade was destroyed during the second winter, there
are no data indicating how mueh longer they might have survived.

The relation between the period of pepper-weevil activity and that
of host development is shown in figure 15.
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INTER SURVIVAL AND ITS RELATION TO THE HOST PLANTS

Adult weevils may be found on overwintering pepper plants
throughout the winter. They become active on warm days, scmne-
times even taking flizsht. When the weather is cold, they crawl into
protecting crevices or under dry leaves at the base of the plants.
In such felds larvae and pupae could be found in green pods during
the winters of 192526 and 192728, and until March of 1926 and
1928 (table 2).

I I
BUD'SETTINGI PERIOD; PEFPERS

PERIOD, PEPPERS

GHTSHADE, FRUIT SETTING ALMWMOST CONTINUOUS

NG PERIOD

LARVAL FPERIDD

GENEAAL ADULT ACTIVITY

ETRTRAT
[
Live od 3unwie PEFPTRS AXD MIGRTINADE TO WIW FIFFLR
MOIT PLANTY P

FEB. MAR. | ARR. | MAY ] JUNE | SULY | AUG, | SEPT. | QCT. | NOY, l GEL.

Fieore 15.—Reintinn between peried of pepper-weevil activity and thoet of host develod-
ment, {Blank spaces ou horizontal bars indiente peripd when the activity meutioned
niwnys oxisis.  Simple halehing or shnding indicntes period of aduelt movemoend from
peppirs Lo nlghishnde.  Cross-lutehing imtlentes perind when condition muentioned
mEty OF may nhol exist beenuse cf variaitons in seasonad and wenther conditlons.)

TaBLE 2.—COcenrrence of steges of the pepper woeenil ow pepper plants in Grauge
and Lus Angeles Counties, Calif., during the winter

Podsexsm-{ s

Tatal, all
ined

Larvao Topae stuges

Number Nuwndber | Niomber MNuwnber MNumber
T ; 1047 0 o

Diecnraber 1924 . e
Iamary 7, 1925 . : i1
Joaunry 29, W26 A ] 2
Movembwr 1327 .. coeeeeo e - k it el X1y
Lreeormber 3L 00 oo L L B ] 33
Innunry 6. 1928 : 2
Iununry 20, 1B T
Fobrunry 8, 1028, i e e
Februnry 20, 1§28 emmeaas
Mareh: 10, M8, eeieaececame

0 2
1

In the absence of overwintering pepper plants, nightshade is the
only host in which the insect can survive the winter. At Norwallk,
Calif., during the winter of 1927, weevils were very numerous on
mghtshade, 80 ndulls having been collected Trom a plant only 14
inches high. Pepper fields nearby were damaged 75 percent the
following summer.
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True hibernation of the pepper weevil has not been cbserved m
southern California. During the winters of 1027-28, 1928-29, and
1929-30, experiments were undertaken to test further the possibility
of hibernation. At 15-day intervals during the full and winter 3
or 4 cages of 48-cubic-foot capacity covered with weevil-tight screen
(fig. 16) were set up at the laboratory and filled ta 1 depth of 1 foot
with dry grass, leaves, cut pepper plants, dry weeds, or cornstalks,
or were placed over living pepper or mightshade plants. In addi-
tion, 2 or more cages representing cach of these conditions were put
out in or near pepper fields each month during the winter. From
100 to 200 adult weevils collected from the field were put in each
cage. The presence of weevils on the screen was noted every & days
nntil the following July. Only weevils in those cages containing
the living nightshade or pepper plants survived until the spring
crop of plants wus large enough to infest. Survival was determined

Ficere 16.——Ilibernation cages fov the pepper weevil,

by examining the material in the cages or by counting the adult
weevils atiracted to fresh pepper plants set in the cages in June. In
some of the cages that were left standing all sammer, weevils con-
tinued to breed on nightshade until November, Continuious breetl-
ing was observed under field conditions during the same period.

The weevil may become inactive for short periods, and it has been
known to survive for 60 days in hibernation cages withont its natural
host plants, although the percentage survival for this period was very
low.

The relation between winter survival and the presence of host
plants was tested further during the winter of 1932-33. During
November and December, 25 or more weevils were placed in each of
several small cages, together with green twigs of one of the host
plants or of the weeds previously mentioned as being common In the
loeality, and in a few cages weevils were 131:1(:03 without food.
Under normal inscctary conditions no weevils survived more than
29 days without food, but at a temperature of 40° to 49° T, some
weevils lived for as long as 32 days. On the nonhost plants the
longest period of survival was 39 days. On the host plants, how-
ever, where suitable food was continuously available, from 4 to 20
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percent of the weevils were still alive on May 1, after more than
5 months,

This experiment gives further proof that, under conditions as they
exist in southern California, tne pepper weevil cannot survive the
winter unless pepper, nightshade, or eggplant is present, a fact that
1s the basis of control measures which are discussed later,

LIFE CYCLE

LONGEVITY

The pepper weevil probably lives for 3 or 4 months under natural
conditions. Laboratory-reared femnales mated and kept for oviposi-
tion records have lived as long as 135 days, the average being 78.7
days {table 3). The males, in most cases, lived shightly fonger.” One
female, kept on nightshade in the Iaboratory through the winter,
lived for 816 days, and deposited fertile egus wp to a fow days before
her death. No weevils lived more than 150 days on pepper under
sumimer weather conditions.

‘TaBLE B—Length of adult Tife and veipngition. period of 25 females in the
takoratory .

b Date Date ELenth or [ Lenuth of

AT fpps
Date vmerged mated | Arst egg i adull jife o‘;i::’i‘:,iinn deposited

Dayps Number
Alny i3 b HRT
HEY {1 T
. May
; Juna
- oo
June 8§ Junp
Jiee 0. Ning
Adume M June
i June 15 June
P [ S . dune
i o
20 dune
Piduly 2
|
!
L1 S e meeen | daly 18 0 July a0
July 2. e oo daly 22 gy
R July 204 Jaly 2
O T + |- T
Lo dnly @
o) Faiy o2
Chodlos
e A,
oA, Ha
{Jo e ] del,
Bepl, M Repl. 431 Sept.
Sept. 5. codoo ) Sept,

bis
2

AVOIRIE . e iimn e e L

Aversgo nuniher of epps Isid par duy nor fonnd, .

MATING

Mating usually takes pluce about 2 days after cmergence and
may be repeated several times. The males are very active, and one
male is capable of fertilizing a number of fomales. Ono amating
is suflicient to insure fertility of the female during her entire life,
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O ¥IPOSITION

The interval between mating and ovipesition is usually not more
than 2 days in midsummer, but it may be as long as 8 days early
in the spring or in the fall.

The eggs are laid singly beneath the surface of the hud or pod at
varying depths or, rarely, on the surface. The usual place of ovi-

osition, in the case of the bud, is in an anther, where the newly
1atched larva has casy access to the immature pollen as its first
food. Xn the case of the pod, the egg may be placed anywhere inside
the wall of the fruit or, in the thicker walled varieties, in the wail
itself,

Before depositing an egg the female walls around over the bud
or pod to select a suitable spot. She makes a puncture by pushing
in first one wmandibic and then another, and then inserts the beals,
usually to the eyes, and enlarges the cavity. The hole prepared,
she Adeposits an cgg and covers the puncture with a clear, light
yellow fluid, which soon hardens, sealing the hole. and turns brown
and finally bBlack. The whole operation normally takes from 2 to 4
minutes.

The length of the oviposition period and the number of eggs de-
posited by 25 females in the laboratory are shown in table 3. Oe-
casionally a female will deposit 20 or more eggs in 48 hours.

Egg counts were obtained in the laboratory by supplying females
with sprigs of buds or pods in which to oviposit. ILivery other day
fresh material was placed in the cage and the old material was
removed for examination. Buds and pods that were found to be
punctured were opened and examined Tor eggs.

Temperature is probably the principal controlling factor in ovi-
position.  Ovulation ceases in most females during the winter. prob-
ably very soon after the first frosts, when there are no longer any
pepper buds or polds or nightshade bervies in which to oviposit.
During the winter of 1#27-28 and the spring and fall of 1928 a
number of weevils were collected in the field and the females dis-
sected.  OF fenales collected during the winter and early spring,
very few showed any development of the ovaries. A few. however,
were shown to be capable of laying egus thronghout the winter.
Ovulation and ovipesition were resumed in the spring, as soon ns
sepper buds or nightshade berries were available.  Experiments

oth in the greenhouse and in the insectary in March amd Apuil
showed that a temperature of 60° ¥, sustained for 4 or 3 days will
cauge Lhe ovaries to develep, even when there 18 no material in
which to oviposit. When pepper buds or nightshade Lerries are
placed In the eage, they act ax a stimulating factor at lower tem-
peratures,  The presence of male weevils seems to act as an inhibit-
ing factov. Tn San Diega Councy, where the average temperature is
somewhat higher than i Orange and Los Angeles Counties, devel-
opment vontinues throngheut the winter, eggs and immature stagres
having been found at all seasons,

INCUBATION PERIOD

The duration of the incubation perind was determined by placing
fertile femmles on pudsg allowing them te remain for an hour, and
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beginning with the third day thereafter making freguent examina-
tions of the pods until newly hatched larvae weve found.  This period
was found to be from 3 to § days, with an averape of 4.3 \days.

A day or so before the ezg hatches, the mandibles beeome visible
through the eggshell as two brown spots, and, as the time of hatehing
approaches, the larva may also be scen.

LARVAL DEVELOPMENT

The newly hatehed larva measures from 0.8 to 1.5 mm in length,
averaging 1 mm. The head is disproportionately lavage, almost
white, and the mandibles are davlke brown, tipped with black. The
body is shinmg white, Teeding is begun within 1 to 4 hours after
hatching, depending on the temperature. If in a pod, the larva
usually works its way into the mass of young sceds; if in u bud, it
feeds on the immature pollen.  The first molt oceurs when the larva
is 1 to 4 days old, or an average of 1.7 days.

Tinmediately after molting the Iavva swells, becoming from 1.3 to
2.6 mm, or an average of 1.9 mm, long. The head is light yellow,
still disproportionately lurge, and the mandibles arve dark brown ar
black. The larva continues feeding until ready for the second mualt,
which takes place from 1 to 5 days, or an average ot 2.2 days, after
the first. A very incomplete ccll is sometimes constructed in which
the larva undergoes this molt.

Shortly after the second molt the Jarva is from 2.2 to 5 mm in
length, averaging 3.3 mm. Feeding is resumed aud continued for
from 1 to 7 days, averaging 3.5 days.

The third-stage larva forms a pupal cell by excavating an oval
cavity and lining it with excrement, probably supplemented by a
secretion from the anal glands.  This material is teken in the mandi-
bles from the anus and plastered on the walls of the eavity, where
it is subsequently smoothed by the movements of the larva. = It soon
hardens, becoming strong, though rather brittle. When the cell is
finished, the larva rests awhile and the body becomes shorter and
greater in diameter. The contents of the latestines having been
voided, the Iarva is shining, semivpaque white. The prepupal stage
lusts from 1 to 8 days, averaging 4.9 days.

"The Iarvae are sensitive to light and especially to the outside air.
When a pod is opened, they burrow down ameng the seeds and into
the placenta of the pod. They ave pugnacious at all times, biting
at anything that disturbs them, frequently even attacking and de-
vouring one another. During the prepupal period the larvae keep
the pupal cells closed, and if these ave opened for observation they
are repaired at once.

DEVELOPMENT WITHIN THE PUPAL CELL

When first formed, the pupa is shining, semitransparent, and
white. The tip of the abdomen rests upon a cushion of the cast-off
larval skin. A few hours after pupation the eye spots begin to show
a light yellow tinge. Affer 2 or 3 days the eyes become dark, the
beak light yellowish brown near the apex and black at the tip, and
the apical half of the elytra and :1pitni(iioints of the antenna dark

gray. The pupal stage lasts from 3 to 6 days, averaging 4.7 days,
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EMERGENCE OF THE ADULY

When it reaches the adult stage, the pepper weevil is light brown.
It ysually remains in the pupal cell for several hours until 1t becomes
fully colored and active. Frem 3 hours to 4 days may clapse before
it emerges from the pod or bud. The buds, having a thin outer
coating, offer little resistance to the weevil’s emergence, whereas
more effort is required to penetrate the tougher skin of the papper
pods. In emerging from the pod or bud the weevil cuts a clean,
round hole. Feeding begins immediately after emergence, preferably
upor: the huds or tender pods.

SEX RATIO

Observations were made during every month of the year on 3,016
weevils. The percentage of males ranged from 453 in October fo
72.9 in April, being higher than the pereentage of females in nearly
all months.

TOTAL TIME OF DEVELOPMENT

The total time of development from egg to adult duoring the
summer, as determined by laboratory experiments, ranged from 186 to
23 duys, the average being 20.9 days. If the time between emergence
and oviposition is added, a complete generation from first egg to
first egg during the summer averages nbout 25 days.

Over the entire active season, which ig from the middle of Apil
to the last of October, the length of a complete generation varies,
being from 22 to 46 days, with an average of 321 days {table 4).

Tanre 4—Lenglh of time reguired for depclopnent from cgy fo edulf and from
egy to ooy
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Table 3§ gives the duration of the various stages of 11 pepper
weevils reared in the laboratory during the summer.

Such factors as excessive dryness and exeessive moisture tend to
retard, and In some cases prevent, development. During the hot
weather infested buds are espeetally subject to drying, and pods that
fall to the ground and lie exposed to the sun often bhecome dry before
the weevil can complete its development.  Pratt {72} mentions the
rotting of the pods as a factor in control. There 1s no doubt that
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there is some mortality from this cause where irvigation is pracriced,
because the fallen pods are washed to the lower end of the row where
the excessive motsture causes them to rot quickly (fie. 5). Loarvie
that ave fully grown, however, have been known to conrplete develop-
nent even In complotely deenyed pods.
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NUMEBER OF GENERATIONS

The number of generations varies aceording to the seasen,  Obser-
vations in the inseelary showed, in 1926, o maximum of 8 generations
(data from 52 pairs) 3 in 1927, only § generations and a purtial sixth
(data from 5 pairs); in 1928, 7 and a partial eighth (data from 32
pairsY: and in 1929, a maximum of T generations (lata from 18
pairs).  The minimumn number of generations is 2 or 3, owing to the
tong lite of the adults. Tn San Diege County, where peppers are
grown all the year, weevil development may be continous.

There i considerable overlapping of penerations under fiokd condi-
tions,  Overwintering aduits may live until ntidsunmmer, and wlults
of the first generation have been known to remain active the entire
S0US0N,

NATURAL ENEMIES

Parasites of the pepper weevil lsted by Pieree, Cushman, and
Hoed (71) nelide Pedicvloides ventricosus Newport, (Catolaccus
Junteri Crawford, and Bracon mellitor Say.  In California at least
two undetermined hymenopterons parasites were found to be very
common in 1928, These attacked the weevil Tirvae in pepper buds
ag external parasites, but they have never been found attacking them
in the pepper pods. In oo few eases an undetermined wite has been
found on the bedies of the adults,

CONTROL MEASURES
INSECTICIDES

Numerous experiments earried out over a period of § years showed
that calcium arsenate in dust form applied st the rate of 8 to 10
pounds per acre at intervals of 5 to T duys was the most satisfactory
msecticide for controlling the pepper weevil.  The use of this mate-
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rial is objectionable, however, because of the necessity of removing
the avsenical residue befare the peppers are sold.  Moreover, its con-
tinued use, especinily if started enxly, muy Tavor an aphid infestation
(7). Various fluorine dusts, inchuling sodium fnoaluminate (syn-
thetic cryolite), potassium fluoaluminate, and barium fluesilicate,
were even more toxic to the pepper weevil than caleium arsenate. but
they all caused plant injury and reduction in yiekl (). Because of
complications of this kind, control investigations are being continued.

DESTRUCTION OF HOST PLANTS

Inasmuch as the pepper weevil has been found to survive the
winter only on pepper or nightshade plants, and early infestations
have usunlly been (raced to overwintering pepper plants ov to night-
shade nearby, it was believed that the insect could be controlled if
the host plants weve destroyeil.

A campaign was therefore undertaken in Qrange County, Calif,
to have growers disk and plow thelr pepper felds soon after harvest
was completed, in any case not later than January 15, and in addi-
tion to destroy all nightshade plants ulong fenees, roads, diteh banks.
around sheds, and so forth. For 3 years wherever this practiee has
heen fairly faithfully carried out no serious general infestation has
occurred.  Infestations of damaging propovtions have, in most cases,
been truced to undestroyed nightshade. .

In view of these results and also of the difficulties in the use of
arsenical and flnorine insecticides, cultural contrel by the destruction
of old pepper fields and nightshade plants during the winter is the
best remedy now known for keeping the pepper weevil in ¢heck,

SUMMARY

The pepper weevil enuses serious damage to peppers in the South-
west, especially in California, Texas, and New Mexico. Tt 1s well
distributed over the pepper-growing areas of southern Cualifornia,
southern New Mexico, nnd southeastern Texas, and oceurs also in
Arizona, Mexico, and the island of Ol Hlawaii, Tt was described
from Mexico in 1894, made its fivst appeavance in the United States
in Texag in 1904, in California in 1923, and in Flawail in 1933,

The host plants ure confined exclusively to varieties of pepper,
nightshade, and eggplant.

TDramage Trom pepper-weevil attack is from destruction of hlossom
buds and immature pods.

Thssemination is aceomplished by flight of the inseet and trans-
portation of infested material. Newly plunted pepper fields hecome
infested either from overwintering mightshade or from old pepper
ficlds. The degree of infestation increases in proportion to the
number of weevils entering the field.  An infestation spreads grad-
unlly and may or may not be wniform over the field.

The adult and immatire stages of the pepper weevil are deseribedd.

Adnlts feed an buds or tender pods of the pepper, but when these
are not svailuble they feed on tonder folinge, They feed alse on
mghtshade berries and follage.  Larvae Teed on the contents of the
Idl or pod, or in the pod wall, of the pepper.
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Adult weevils spend the winter on nighishade or old pepper
plants, being active on warm days. A true hibernation has not been
observed in California, and in order for the weevils to survive the
winter one of its host plants must Le present. Migration to pepper
fields begins in May or June at about the time the first buds form.
Some weevils continue to breed on nightshade.

The adult lives for 2 or 3 months in the summer, but overwinter-
ing individuals may live as long as 10 months.

Tating occurs soon after adult emergence, and oviposition hegins
from 2 to 8 days Jater. The eggs are Jaid singly in pepper buds
or pods.

1 the Iaboratory the oviposition period ranged from 16 to 129
days, and during this time from 28 to 634 eggs were Iaid. Tempera-
ture dirvectly affects ovulation and ovipesifion. Growth is rapid,
the total time of developmient from egg to udult being 16 to 23 (}u,ys
in the sununer and 22 to 46 days in the spring and fall. Al stages
exeept the adult stage are passed within the bud or pod. The adult
emerges from the pod by cutting a clean round hole. The propor-
tion of males ranged from 45 to 72 percent, usually with an excess of
mafes,

In diffevent years maxima of 5 to 8 generations were found.

Nutural enemies are of little Importance in checking a pepper-
weevil infestation.

Caleium ursenate gave satisfactory conteol, but this material can-
not be recommended because of the possibility of an ursenical resi-
due. All fluorine dusts cansed plant injury. Destruction of all
pepper plands after harvest and cleaning up of nightshade plants in
the vicinity proved to be the best method of keeping the pepper
weevil in check. :
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