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INTRODUCTION

TWherever common varieties of beans (Phaseolus mulgaris 1)), limu
beans (Phaseolus lunatus macrocerpus Benth.), and cowpeas (Tigne
sinensis (Torner) Bavi) are grown, losses vsually result from injuries
to the seeds by the bean weevi] (leonthoscelides obtectus (Say)) ancl
the southern cowpen weevil (Caflosobruchus maculatus (FD)). Cli-
matie conditions Tavornble to the production of beans and cowpens
are ideal for the development of these weevils, and growers (52) 4
and wurchouse operstors often unconsciously muintain conditions
which aid the development and spread of the weevils. In some
sections favorable for the production of beans and peas severe weewil
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injury has foreed growers to discontinue thewr production snd sub-
stitute less plolitable Crops.

Investigations of the bean weovil and the southern cowpea weevil
were begun by the senior author in 19018, and have been carried on
punmpnll\' in California, where the most vavied conditions prevail.
Many varicties of beans and cowpeas ave there grown from high ele-

"ations on mountain sides down to elevations 100 or 200 fech below
sea level; from the fog hells along the sencoast {0 the desert valloys

_

Frivuk | —HBinckeye cowpens we & prafitable intorceop bubween rows of Persing {English} wainnd treps:
1,0 n youn grove; B3, beiween makure trees.

of the interior where irrigafion is necessary; from frost-free areas,
where winter beans are grown, to the cooler seelions with short grow-
ing seasons; and they are grown in quantities vanging from a few
plants in back yards to thousands of acres, In some “seetions they
are grown as an intererop in citrus orchards, groves of Persian (Ing-
11‘31‘1) walouts (fig. 1), or orchards of d(‘{:uiunm fruit; in other sections
they are grown as the only crop, while in still others they are grown
ns o second crap following & crop of grain,
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HISTORY AND DISTRIBUTION
THE BEAN WEEVIL

The specimens from which Thomas Say made the original descrip-
tion of Acanthoscelides obtectus in 1831 (85) were collected 1n Louistana,
where the inseet was thought to be indigenous. For this reason it
was ctlled the American (22) weevil, but at present the consensus of
opinion among coleopterists is that 1f originated in Central Ainerica
or other tropical American region and was carried in cominerce to
Louisiana where it became established.  On this point Tesig (22, . 588)
says:

Red lima boens taken {rom the ancient Indinn graves in the valley of Iece and
the Anedn Necropolis in Pern show the work of the bean weevil.  Teaw records
date from 1-500 A. D., whereas those of Anedén are more reeend, 1000-1500.
However, bolh antedale the arrival of the Spanish in Peru. An adulb bean
weevil taken fron the Anedn beabs does not differ in unatomical characters from
the bean weevils of today.

Alter its description in 1831 it was next noted in Rhode Island in
1860. The first ceonomic account of it was published in 1861 by
Fitch (26), who discussed the injury caused by it. It was next re-
ported from New York, and in the next lew years from Pennsylvania
{72y, Illinovis (74), New Jusey (78), Kansas, and Missouri (76).  Prob-
abiy the first account of its injury in France was by Girnvd (87) in
1879.  In 1890 Decaux (81) listed it from New Caledonin, Uruguay,
Argenting, Brazil, Guatemala, Chile, Greece, Russia, S})‘Llil Mexico,
ance, Por tu*m] and Ltely. In 1899 Chittenden {16) 30;)01(9(1 it
from the Ant.ﬂlef; Central Ameriea, Persia, Indo-China, Madeirn,
Algeria, the 11/010% and the Cannry Tstands. Fletcher (27} reported
that the first sm‘iouq outhreak in Canada oceurred in Ontario in 1898,
Jablonowski (42}, in 1920, reported that it had been introdneed into
Hungary 40 years eavlier but had been exterminated. It was agnin
only Iocon{lv introdueed into Hungary from Yugoslavin, 15 has bren
intercepted in beans from Nicaragun (90), In the United Statoes it
has atb some line or other been reported from every State.  In some
States it 1s o constant pest, and it is probably found wherever beans
arc grown or handled extensively.

THE SOUTHERN COWPEA WEEVIL

The southern cowpen weevil (Callasobruchus maculotus) was firsh
described by Fabricius (23) in 1775 as Bruchus maculatus from nmate-
rinl supplied by Von Roblr, with America ns its habitat. It probably
actually came from the West Indies or South America where Von Rohr
collected.  Fabricius described 16 agnin {24, p. 877) In 1782 as B,
guadrimaculaius from maserinl eollceted by Dr, Pilog ab St Croix,
West: Tnddies. 16 has been recorded from widely separated localities,
butits original home is still semewhat uncertain, though it undoubtedly
originabed in an Old World tropical or subtropical region along with
its favorite host pland, the cowpen, which also seems to be of uncertain
origin, Concerning the host plant, Wight (97, p. 21) says:

It may be concluded that hoth Vigne uwnguwicelale (V. sineasis) and V. catjang
{V. eylindrica) originally eame from a region inciuding and extending from Indis
Lo Persia nind the soulhern part of the Trans-Caspinn distriet, and {haf the Persiana

called one or both of them by the name “lubin’ nnd applied that name to V.
wnguiculala in northwest Indin after their conquest of that region.  The culliva-
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tion of V. unguiculate extended to Ching at a very caly dale, but the diséribulion
of at least one speeies with the saume "lubin™ had extended from the region of its
origin at the beginning of the Christinn BEra to Arabia and Asia Minor and had
reached some of the Mediterranenn countries of Burope at about the same time,
but did not become known in Central Europe until the middle of the sixteenth
ceutury.

Piper {68, p. 82), wriling ol the origin of the cowpea, says:

There is seavcely room for doubt ¥ * ¥ (hat the Aftican plant with binek-
ish seahrous pods sud seabrous luaflets lound wild over o great aren (southward
from the Suharn Desert and extending neross Lthe coutinenty and ocensionnlly cul-
tivated is the original wikl form of our cultivated cowpea,

At the present time this weevil is knowan to be in both the areas
claimed as the originad home of its host plant.

In 1897 Chittenden (74) recorded it from Brazil, Vencznels, the
Bast Indies, amd Sierra Leone, as well as from the United States,
where it was then widely distributed. It has sinee been reported
from the Canal Zone (98, p. 184), India (43, Jamaicen, Trinidad, South
Africs, Hawail (14), Barbados (53, Germany (41, and other places.
It probuably oceurs wherever cowpeas are cultivated.

It gained attention as an cconomic pest in 1885 when “black-eyed
table beans” from Texas, exhibited at the Cotton Exposition in
Geargia, were found to be lieavily infested (82). 1% next attrcted
attention m 1893 when it practically destroved the beans exhibited
by Brazil and Veneszuels at the World’s Columbian Bxposition in
Chicago (79). At that time the Division of Intomology of the
United States Department of Agriculture recorded it as common
i the Southern States. 1t wos probably reported from France first
in 1880 (21).

Thetr_ability to withstand several months of low temperature
while within the bean permits bean and pea weevils to he enrried in
commerce to all parls of the world. Commeree insures thelr wide
distribution and man produces ideal conditions for their maultiplica-
tion, but their own power of flight, aided by the wind, secures their
loeal dispersal to the growing erop and assures opportunity for
propagation in storage,

Anything in which they are allowed to breed serves as a source of
infestation {from which they spread, hut the planting of weevily beans
does not seem to he 1 grave source of infestation, as has been so often
reported.  The sale and distribution of weevily beans and cowpeas in
summer for Jeed for sheep, hogs, nnd poultry does, however, greatly
aid their spread,

SYNONYMIES
THE BEAN WEEVIL

The bean weevil has been froated in ecconomie and taxonomic
papers under_many scientific names.  The Jollowing list has been
furmsshed by J. ) Bridweld:

AN CRORCRLINES ONTECTUY (5AY)

Pruchus oblecius By, 1871,

¢ Bruchus leguminarins Gallenhind, 1833,
Bruchus rresectns Valirneus, 1830,
Bruehus pallidipes Fahracus, 1830,
Bruchus subellipticns Wollaston, 1854,
Bruchus acanthocuemus Jekel, 1835,
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Bruchus fubac Titch, 1861; Riley, 1871,

Bruchus breweri Croteh, 1867,

Bruchus granarius Poackard, 1870 {not Linng, 1761, err. del.).

deuils oE;solchcs LeConte, 1870; Horn, 1873 {(not Bruchus obsaletus Say, 1831,
err. det.}.

Bruchus varicornis LeContle, 1870; Molschulsky, 1874,

Bruchus fabi Rathvon, 1870,

Bruchus simosae Gemminger and Harold, 1873 (in part, nol Bruchus mimosae
Tabricius, 1781),

? Bruchus giloipes Motschulsky, 1874.

Mylabris obgeletus Croteh, 1871 (nob Bruchus obsolelus fayv, 18311

Mylabris mimosae Reitter, 1883 (not Bruchus mimosae Frbricius, 17813,

DMylabris irresccte Bandi, 1880,

Bruchus ¢ subarmalus Janson, 1889 (not Bruchus subarmatus Gyllenbal, 1833,

Laria obtecta Bedel, 1901,

Acanthascelides trresectus Schilsky, 1905,

Acanthoscelides obtectus Sehilsky, 1006,

Bruchidius {Acanthaseclitles) oblectus Roittoer, 1013,

Bruchus (Acanthoscelides) obsoleius Pic, 1913 (in pari).

Bruchus pusillus seminarius Dy, 1000 {nol Bruclddius pusilius seminarius
Schilsky, 1905, crr. det.).

Mylabris obiectus Tong, 1020,

THE SOUTHERN (OWPEA WEEVIL

Several other speeific names have heen applied to smacnlaing, but
most of the literature denling with its biology nnd economic relatives
treats it as quadrimecviotus, in Bruchus, Mylabris, Laria, or Pachy-
merus. The following list has beon furnished by J. (', Bridweli:

CALLOROURTOIITE MACULATUS .

Bruehus maculatus Fabricius, 1775,

Hruchus f-maculafus Tahricius, 1792,

Bruchus Darlicornds Fabricius, 1801,

Bruchus Wisiriatus Fabricius, 1801.

Bruchus chinensis Thunherg, 1816 (not Curewlio chinensiy Linné, 1758).
Bruchus lomgicornis Thunberg, 1816,

Bruchus litteratus Schocnherr, 1833,

Mylabris guadrimaculalus (TFabricing) Tandi, 1887,

Larie quadrimaculate (Fabricius) Bedel, 1001,

Pachymerus quadrimaceniatus {Fabricius) Sehilsky, 1905,

ECONOMIC IMPORTANCE

Weevily beans and cowpens are unfit for human food, and if badly
infested arc unsuitable for planting, Among the early entomologists
who made reporis on the economic importatics of the hean weevil were
Fiteh in 1861 (26), Riley in 1870 (74, 75), Lintner in 1881 (57), and
Hamilton in 1889 (39}. In the United States the economic importance
of this weevil has been noted in several State agricultural experiment,
station bulletins and circalars (89, 77, §3, §0), in agricultural journals
(17, 82, 89, 55, 58, 96), in trade journals (28, 47), and in previons
publications of the United States Department of Agriculture (2, 8).

With all the publicity, the habits of bean and cowpea weevils are
still not well understood by those who grow and hadle beans and
cowpeas, therefore the injury is on the inerease in some parts of the
country and is constantly spreading fo new sections.

The mjury may be noted at harvest time, but 15 is not ususlly noted
unfil after the crop has been stored in the warchouse or alter it has
reached its destination if shipped. One compauy shipped a eniload of
blackeye cowpeas, frequently spoken of as blackeye beans or blackeye
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pens, which after reaching its destination was condemned, involving a
total Joss of $3,000. Frequently part of a carload is found weevily and
condemned, causing heavy losses. Growers often store beans or
blackeye cowpeas in what appears to them to be perfeet condition,
only to find later that they have been partly or completely ruined.
Many such lots of cowpeas, in quantities from a few sncks to as many
ns 4,000 80-pound bags, have come to the attention of the writers,
One of these lots represented a loss of $3,600 to the grower. Tots of
“blackeyes” are frequently infested with both Acanthoscelides obtectus
and Cullosobruchus maculaius.

The large-scale grower and the wholesale dealer often sustain heav
losses Trom weevils, but they usually say listle for fear publicity will
prevent or hinder the sale of their products. Individual and com-
munity losses frequently mount into thousands of dollars. One grower
contracted to sell his crop, but on delivery it was found to be heavily
infested with weevils. He finally accepted $100 for the beans which,
had they becn frec from weevil injury, would have brought him $1,100.
The next year he sold his crop to another bean buyer for $1,235, but
after delivery this crop also proved to be heavily damaged by weevils.
He finally received $135 for the crop.  He then discontinued growing
what should have been a profitable crep.  Another man sold bis beans
on the basis of “choice Tecleaned” for $4,200, delivered them, and
received a cheek for the amount. When he went later to cash the
cheek, payment on it had been stopped beeause inspection showed the
beans to be weevily. He settled for 1,200, thus sustaining a loss of
$3,000. Another man lost $8,000 on 4,000 bags.

The operators of two warchouses handling the major portion of the
beans and blackeye cowpeas in their particular sections of the San
Joaquin Valley of California gave the following estimates of damage
from the weevils Acanthoscelides obtectus and Callosobruchus maculatus,
since these two species frequently infest the same lot. Up to Novem-
ber 10 one had handled 30,809 bags of about 80 pounds each. 1t was
estimated that the price to growers had been reduced 50 cents per
bag on at least half of these receipts, making a total loss to the growers
of $7,727. Another warchouse handling 50,000 bags cstimated that
the price had heen reduced 50 cents per bag on 40 percent of the sacks,
entailing a loss of $10,000 to the growers. One would beled to believe,
after talking with the growers, that the loss was even heavier. Two
arowers who produced 570 bags said that they had been docked $1
yer bag becanse on arrival at the warehouse they had been found
wnfested by weevils, Another sald that his weevil loss amounted to
$30 per acre. Most of the growers with whom the writers talked had
sustained heavy price reductions snd reported the snine for many of
theie neighbors.  Kieffer (48) says that weevils cost the hean growers
in the three counties—San Joaquin, Stanislaus, and Merced—between
$1,000,000 and $1,250,000 on their 1926 crop. One of the lnrgest bein
buyers in that section said that about 70 percent of the lots of henns
woreinfested. In the writers’ opinion, based on the results of examina-
tion of several hundred samples nnd the schedule of price reductions
dug to weevil attack, the warchousemen’s estimates were far toolow
to indicnte the loss to growers.

Different warchouses have different methods of arriving at the
price reduction for weevil infestation indicated by inspections. The
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following rule is guite generally used with cowpeas or beans coming
in from the field: After they are cleaned and sucked about 3 pounds
arc taken in o pan from several bags by means of a trier. The quantity
of seeds i1s nbout the same for different varietics, but the approximute
number would vary with the varieties, large varietics having o smaller
number actually examined than smaller varieties. Blackeye cowpeas,
which constituted the majority of the seeds handled by these ware-
houses, weuld run from 5,000 to 6,000 to the sample. The cowpeas
or beans in the sample are ecarcfully examined, and if one to three
weevily seeds ave found the whole lot is reduced 50 cents per 100
pounds. If four to six weevily seeds are found the lot is reduced 75
cents per 100 pounds, If more weevily sveds are found the price of
the lot may be redueced $1 or more, or the lot rejectad,

Cowpeas are packed 90 pounds to the bag, whereas beans contain
100 pounds per hag.

The writers’ sumples from this section showed that 74 pereent of
all lots were weevily, The price would have been reduced 50 cents
per 108 pounds an 36 percont of the lots, 75 conts per 100 pounds an
15 pereent, and $1 per 100 pounds on 23 percent of the lot-.

Trom this schedule it is evident that the price reduction is not
directly proportiongl to the numher of beans vigibly injured bub is
based on the prohability of a later infestation. developing and on the
probability that the beans will have to be hand-picked in order to
malke them salable as chotee beans. A visible infestation of 8.1 per-
cent of the individual beans would cauvse a price reduction of from
15 to 25 percent or more, depending on the price of the beans, The
snme amount of weevil nlestntion, however, does not always eause
the same price reduction, as MeVey (72) has pointed out. o says:

Il ibe markel is strong and the buyers are keen {hey will often take a grower's
crop even Lhough there may be o weevily bean or two show up in the sanple.
But if the market is dull and the buyer can easily get all the beans he needs to
Al his grder, then it’s ““Good Night.” Tn ease the sample shows o bad pereentage
of weavil 1the buyer will not take them even though hie may be anxious for beans,
exeept by doeking {he grower anywhere from 1097 to 5054 or even more,

The heavy loss due te weevil injury results from the inability of
the shipper to deteet infestations while tho immature stages are hidden
away inside the beans. Aflter being in transit several weeks, or soon
alter arrival at their destination, the beans are found to be weevily
and are rejected, enusing o portial ar total loss to the shipper.

The impossibility of determining definitely whether sceds are in-
fested at time of harvest is shown in table 1. Tmmediately after
harvest eight varieties of benns and cowpeas were earcfully examined
at the Jaboratory fur weevil infestation. Each sced of every lot was
examined for visible signs of weevil Infestation. On first examination
only 11 samples of black-eye cowpens were found to be weevily. The
other samples were pub away for a few weeks and were again carefully
examined. The second examination showed 118 more weevily samples.
A third examination alter n few weeks showed 6 more weevily lots,
so that instend of there being 11 weevily samples as was shown by
the first examination there were actunlly 135, On first examination
none of the [ima beans were found weevily, but there were nctually
61 weevily lots.
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Tanug L—Nuccessire egaminalions of oight rverielies of seeds grown in the San
Joaquin Valley, Calif., for infestations of Acanthoseelides obtecins, {981
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A bean-growing community that has the reputation of producing
weevily beans has a hard time selling its produet, because buyers are
suspicious of them and consequently diseriminate against them,
usunally by a heavy price reduction whether the sample shows weevils
or not.

If weevily beans aro 1ot too heavily infested, they ean be fumigated
and rerun through the cleaner to take out the lighter beans, and then
be lind sorted and sold as choice beans. T thay are heavily infested
they are disposed of for feed for enttle, sheep, hogs, or poultry, usually
at nhout 25 percent or less of the value of choice beans of the same

rariety.
HOST PLANTS
THI REAN WELRYIL

The bean weevil normally confines its alinek to o relatively few
species of seeds in any one loeality, but it prefers the different varieties
of common heans, Phaseolus rulgaris, nlthough 16 is capable of breeding
in a great many kinds of sceds, as has been demonstrated expern-
mentaily.

Razzautl (7.3) says that deanthoscelides obtectus ndapts itsell to many
kinds of seeds hesides heans.  He reports having bred it from Dolichos
melanophibalinns DC. (Vigna sinensis) and Lupinus albus L. and says
it hias even adapted itsell to muaize (Zea mays 1.).  Slingerland (89)
says that the larvae entered corn (Z. mays) nnd buckwhent (Fagopyrum
esculenfuim Moeneh).  Marcueel (74) says that many kinds of seeds
are attneked, but that those having olly content are injurious to the
larvae.  Daviault (77) reporls its occurrence on Vicle satira 1. and
Lupimus albus. Bridwell (3) veports having reaved if from lima beans
and tepary beans as well as from three varieties of common beans.
BStrong (1) reports 16 breeding in Albizeia seed from Chinal®

The writers have reared 16 from upward of 50 varieties of garden
heans (Phaseelus vulgaris 1,03, and from more than 20 varieties of cow-
peas (Vigna sinensis) and have not foimd a variety of either in which
it would nog breed freely (N, 2}, Other seeds from which the writers
have roared it include eight varieties of lima benns (P, lunotus 1o, and
P, lunatus ineerocarpus Benth.), asparagus beans (Vigne sesquipedalis

L3 CL Brihwell, after reviowing o senneseript of s Builetin, expressed e opinion Hint tha Doliches
shetaptophihndins of Hazzonbi musk T Vg sineseds (bloek-uve cow posd and that tho reeards of fapinm

alling nee fiy ooror, bosed on Ladhgrus safiens seed belng mistaken for that of Lupinns. Hozrlse oxprossed the
apfnion Hint Blrome's brogliid St o Uzzia was donlthess somelling oise.
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(I..) Fruwirth), 10 varietics of garden peas (Pleum sutivim 11), aar-
banza or chickpens (Cicer arietinum 1.}, scavlet runney (7. coccineus
L.}, tepary beans (P. acutifolius latifoltvs Freeman), rice beans (I
calcaratus Roxb.}, moth beans (P. aeonitifolins Jueq.) broad Windsor
and small Windsor benns (Vieta fuba 1.2}, chiciding veteh (Lathyrus
sativus L.), Cajanus indicus Spreng., lentils (Lens exculentc Mocnch),
cowpens (Vignae sinensis), conch beans, and mung beans (P, gureus
Roxb.). To this list more extensive observations may ndd more host
plants covering a wider range. The writers have observed that it
will bore into a great variety of seeds in whieh it is unable to develop.
It will bore into cork or wood but soon dies.

Beeause of this ability of tlie larvae to enter numerous kinds of seeds,
the writers undertook to determine whether or not they would exer-
cise a choice as to the species and varieties attacked.  On June 14,
1922, 5 seeds each of 39 species and varieties were placed 1 0 quarg

Froume 2, Beans [HPheesalng rofgurbsand £, 00 patisy ngisd eowneas g Sige o Uiad live bres atineksl
By ghe bean weevtl £ leaatbosedtides oblectne),

mason jar together with 50 adult weevils. On the 3 following days
identical lots of sceds and 50 weevils were placed in like jars. The
beans were all dry aml had been keptin the laboratory under Ldentien!
conditions and therefore apparently contained approximately the
same percentage of moisture.  After many eges had been doposited
in each jar the weevils were removed, and the cegs were left to hateh
undisturbed in order that the young larvae might have an opportunity
to choose the species and varieties they would enter.  The sceds in
each jar were kept together until “eye spots” began to show in some
of them. The seceds of cach variely from all 4 jars were then placed
in separate vials, making a tolal of 20 seeds in cach of the 39 viuls.
These were watched for the emergence of the weevils, and the date of
emergence as well as the mumber of weevils emerging was recorded.
During the period from July 29 to September 2, 214 weovils emerged
from 100 seeds, or from 12.8 percent ol the seeds.  All the seeds were
then dissected and all dead weevils contained therein were recorded.
3954°— 38—
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Table 2 shows the different species and varieties used, tlie number of
adult weevils that emerged {rom each species and variety as well as
the number of larvag, pupace, or adults that died in the seeds, and the
number and percentage of infested seeds. Some of the steds not
attacked In this experiment are known fo be badly damaged at times
in storage. This can be explained by the Inet that in the warchouse
the inseet doos not have a chanee to choose but is compelied to develop
on the sceds present.

Tanne 2~ -Preforence shown by larvge of Aeanthoscelities obtectus for differont
species and paricties of sceds, 20 seeds of ench paridy having been reposcd
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In table 2 the first 22 varieties nre ail common garden beans,  Of
these, 20 were infested and produced 93 pereent of the emerged adults,
and weevils emerged [rom every variety entered. 16 scems that the
larvae preler varieties of Phuseolus vulgaris to other bhean and pen
seeds, 16 also seems that they exercise a choice even among vurieties
of P. vulgaris, as 80 pereent of the Kastern Cornfiekl were infested,
and over 13 percent of all the weevils euterged from the Eariy Mo-
hawk whereas the Navy and Bayoe were uninfested.  Both the Navy
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and Bayo are frequently found infested in commerce. The 17 kinds
of seeds other than . vulgeris, although several of them are known fo
be severely attacked in ‘;tm‘ugc, p;oduued less than 5 percent of the
emerged weevils,

Under usunl conditions the larvee do not have an opportunity to
choose bebween varieties but must choose merely between seeds of
the same variety. That the larvae exercise & choice among heans of
the same variety is evident from the examination of any lot of heavily
infested beans. This choice is shown by the number of emergence
holes found per bean. When o
few beansremained uninfested in 52 T
a jar of heavily infested beans the 40
writers marked these beans snd 39 v

\

pub them with others of thesame 33

variety that were to be exposed. 36
These marked beans agnin re- 33
mained vninfested, butwhensuech 33
heans were pub in a contriner 32
alovs they were attacked. Some 2!
bea -s will have only T emergence
hole while others in tha same
container mny have as many as
33 holes per bean. The writers
have tnken 42 larvae and pupae
from 1limn bean, Figure 3 shows
the frequency of any eertain
number of emergence holes from
L {o 20 in a lot of 361 Red Kid-
ney heans. TFigure 4 shows the
heavy iofestation that may de-
velop in the lima bean,

In seme kinds of seeds prac-
tically every larva becomes an
adult weevil under favorable
condifions, but In other seeds,
notabiy the Windsor bean (Vieia
faba), lima bean, and sovbean,
only o very small percentnge of
the young larvac reach maturity.
In some lots of these and othor
sceds all the young larvae die
before reaching the second instar;
in other }_OLS Of the same V{lll{lh} Figung 3—Chofco of heens made by lsrvae of
part of the young larvae ~ Acanthoscelites abiectus 75 Indicated by the nueier
die, others suceumb in mores ad- ¥ fiereice holes In oach of 361 nfested Red
vaneed stages, and only & very
small percentno-e emerge as adults. This indicates that some seeds
are always unsuitable for food and that others are unsuitable under
some conditions bat under other conditions some weevils are able
to develop in them, the number becoming less with cach successive
instar, and o large percentage of those that become adults being
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Proivig 3--Liwn Geans fosfud with Aceathoseollder abfectus: A, Interior of s weevily Hma beun; B9, seed
vonts removed Lo shiow Inrva) burrows aed pupst coll,
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moribund and soon dying without producing eggs, Similar adults
gsometimes develop in an overcrowded sced Irom larvae that have
eaten all available food before heeoming fully developed,

Larvac ol Acanthoscelicdes obtectus covered with bean flour made
from their Tuvorite host, Phuseolus vulyaris, fuiled to develop normally,
They had to be w ntebed daily, as they would work to the top of the
bean flour and had to be covered [requently. Kewer and fewer of
them reached ecaeh succeeding instar, The larvae were unable to
ohtain suflicient food for proper development beeanuse of the Inck of
the normal support ol the firm walls of the larval burrow.  Whether
this is the case within certuin sceds or whether the food abtained is
unsuitable 1s not certain, but with some seeds it is quite evident thaé
the seed i3 chemically unsuituble.  TIn this conuection Bridwell (18)
SOys:

It is nol improbable that 1he inability af Bruchids (o breed in legunmes otherwise
similar in composition o Their host seeds may be due to the diversity of (heir
proteids.

Marcuecl (G4) says that seeds having olly contents are injurious to
the lnrvac. He does not explain the nature of the injury. Tn the
ense of sceds in which most of the larvae die alter the fivst molt the
senior nuthor {48, 1. 74) has expressed the opinion that the larvae die
because ol their inability 1o obtain suilteient food rather than because
of receiving unsuituble food. Yery litfle has vet been learned that
will explain why a bruchid 1s oble 1o breed in one seed and not in
another.  In sceds, sueh as soybeans, having an oily content the
larvae either die or develop slowly, the adults that cmoerge being
reduced in vigor and vitulity and ptmln('mg only a few oggs, so the
infestation soon dies out.  On 1he ether hand, weevils developing in
certain varieties of lima heaus seem to he \'urm'mm, but they require
a greatly prolonged period for development, and the emerged adults
ure very small, sowetimes heing less than hall as large os those from
other henns,

THE SOUTHERN (OWPEA WELYIL

Although the southern cowpra weevil usually confines its attacks
e a lt‘l.itwva fow varietics of seeds in any one locality, it has been
found to bo f"lpnhh' of breeding in a great many kinds of sceds.

Spenking ol this insect I’(‘ttlL (e, p. 1000 savs, “T6 will also feed
on table bean on t)('('ammn, "awd Tater (67, p. 38) ho SILYE:

Tt nlse works in the common bean and, like the eommon bean weevil, it worka
indefinitely in the stored seeds smiil nod hmg of value isteft. * % *  Like ihe
bewn weevil, this eventire slarts work in e field, condng inlo tha granary with
the barvested boans, or it may gnire aecess aller the heans have been stared aw ny.

Back and Duelkett (4) say: “Peas and heans of many varicties are
attacked.”  Skaife (87 reported that they-

oviposit Trecly on peas and beans, bul T have not succeeded in reaving any in
these seeds.  The epes hiatel normally aisd the young larvne burrow inlo the
secds but they all die without atiaining any ride,

Bridwell (13}, working in Tlawaii, says:

T have bred it experimentally front Phaseolics binatus, P, articulatus, I, aureus,
P. ﬂcuhfnhrm Vignn chinensis, Vigna fuies, Cujonns mrhru-;, Dulichas Lobivd, D,
sudunensts, i yoine hispide, Cicer urielinion, Viein faba, and Pisum salivum,
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Paddock and Reinhard (55, 9. 14) say, “The cowpea weevil has not
been observed to feed upon any plant except the cowpea * * *
it is doubtful il any other plants can be added to the cowpea as a
food for this insect.”” Speaking of its adaptive capacity (65, p. 61)
they say:

There is very Hbtle flevibility in the habils of this insect to adent ifsclf to a
strange environment.  This is particularly true with respeet 1o its food plunt,
Changing the food from one varicty of cowpea to another did not apparentiy affect
the weevil, bub when a nearly related food plant, such as cerfain varictics of beans,
navy, and lima, were repeatediy tried, the weevil could not complete its life cycle.
In all experinents egyg deposition {ook place rewldily enough * * % “The
cges hatehed in o Jurge percentnge of eascs, but the larvac could not subsist in the
substituted food, and all were dead within three days after hatehing.  In the ficid
the eowpen weevil has not heen colleeted consistently on any plant except cowpens,

The writers have bred it repeatedly in more than 20 varieties of
cowpens (Vigna stnensis) (fig. 5, ), 9 varictics of soybeans (Soja maz),
10 varicties of gnrden peas (Pusum sativum), yurd long or asparagus
beans (Vigne sesquipedalis), Cujanus indicus, lentils (Lens esculenta),
garbanzos ov ehickpeas (Cicer artetinum), Lathyrus sativus, L. clymenum
L., 2 different strains of bitter vetch (Vicie ervilia Willd.), broad beans
and small Windsor beans (Vicie feba), buff catjang, 3 varieties of
adsuki beans (Phaseolus aengularis Willd.), mung beans (P. garreus),
urd beans (P. mungoe L.), moth beans (P. aconitifolius), 2 varicties of
hyaeinth beans (Dolichos lablub 1.}, and conch beans. To these lists
more extensive cbservations may add more host plants covering a
wider runge,

The following is a list of sceds from which the writers have not been
able to breed Callosobruchus maculutus, although cggs have been
deposited more or ess freely on ench variety: Red Valentine, Brown
Kentueky Wonder, Lady Washington, Prolific Black Wax, Tmproved
Golden Wax, Pinto, Colorasdo Pinto, Huanson Yellow, Bates, Cali-
fornin Pink, Dwarl Spanish, Nicaragua, Black Valentine, Burpec
Stringless Green Pod, Baldwin Wonder Wax, Eastern Cornfield,
Long Yellow Six Weeks, Mexican Red, Kentucky Wonder Wax,
Superior Kentucky Wonder, Whité Kentueky Wonder, Lazy Wife,
Cranberry, Dutch Case Knife, Barly Mohawl, Improvec{{ Tarly
Mohawk, Italy’s Favorite, Bayo, Red Kidney, Black Wax, Navy,
Navy Bluepod, Large White, Creaseback, Reuter Longfellow, Won-
derlul Kidney Wax, Refugee Green Pod, Ventura Wonder Wax,
Full Measure, and nine other varieties of Phaseolus vulgaris, the
common names of which are not known to the writers, rice bean
(L. ealearatus), tepary (P. acutifolius laiifolius), Scarlet Runner (P.
coccineuns), Large White lima, Giant Pod lima, Fordhook lma, Field
lima, King of Garden lima (P. lunafus macrocurpus), Henderson Bush
lima, Hopi lima (. lunatus), velvetbean, Chinese White velvetbesan,
Early Bird velvethean (Stizolobium deeringianum), Mexican Tree
bean, castor-bean (Ricinus communis), woollypod vetch {(Vicia dasy-
curpe ‘Fen.), monanthn vetch (V. monanthe Retz.), purple veteh (V7.
atropurpuree Desll), hairy vetch (V. »illose Roth), common vetch
(V. satira), narrowleal vetch (V. angustifolie (L) Reichard), Hun-
garian veteh (V. panneniee Crantas.), Tangier pea (Lathyrus tingitanus
1.}, Hickory King corn, Bloody Buteher corn, soveral kinds of Indian
corn {Zea mays), White kafir, Honey Drip sorghum, spelt, Burbank
Superior wheat, Kanred wheat, Turkey wheat, California Red oats,
common buckwheat, Japanese buckwheat, Egyptian cotton.
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In every variety of the above secds, except the Egyptian colton, the
young larvae have bored through the seed coat, but in no case did the
small larvae develop to any appreciable extent belore dying.

A striking feature of the food habits of Callosebruchus maculatus is
its ability to breed in some species of Phaseolus nnd not in others,
especially those species that include common. garden and field heans,
the limas, the runners, and the teparies.  The fact that ' meculelus

FioukE 5-~Weevll infestations in beans and peas: o, Popsl cells remioved frenit o beans sommwelimoes o hean
Is 50 heavily Infested Lhat onty fruss and cells reinain Beneatdi Ehe soed eonl: 2, heats showing windows
whoere weevils wro Tendy to etnerge; O, hinekeyo cow pens infested with Coffasobriachus mncultufies.

oviposits freely on all of those speeies and varieties and is [requently
found among them has probably giver rise to ihe crrencous belief
that it breeds in them.

In some sceds, under favorable couditions, practically every larva
becomes an adult weevil; but in other seeds, notably those of the
Windsor (Vieia faba) and soybean, only a very small percentage of
the young larvae teach maturity. As observed with eanthoscelides
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obtectns, in some Jols of these and oiher seeds all of the young Jarvae
of Culiosobruehus maculuius dic hefore renching the seeond instar; in
ather lots of the same variety anly part of the larvae die young, while
others dic in more advanced stages, and only o very small pereentage
emerge as adults. In other varielies the young larvae always
die belore reaching the seeond Instar.  As with L, obfectus this indi-
cates that somoe secds arc wnsuitable for lood and other seeds nre
unsuitable under some conditions but under other conditions ean bhe
used for food.

Larvae of Cellosobruet us wmeendatus covered with hean flour made
from their favorite host, Vigne sinensiz, failed (o develop normally.
The same diflicultios were encountered ns with Jarvac of Lleanthoscel-

Pk bk Waps o cbtathosee ode e af bl 3 bl 11 st enjuete e

ddes oblectus doveloping in flowr made from Plaseolns mdgariz. Oily
seeds were also unsuited to 7 wmaenlatios, the few omeraed adults being
less vigorous ail producing very few cges,

LIFE HISTORIES AND DESCRIPTIONS
THE BEAN WEEYIL
THID B

D UETION

The eggs of Adeanthoseolides obteetus are smoofly, translucent whitish,
ellipsoidal, with ends rounded, one hroader than the other.  In length
they are from 0.546 10 07898 o and in dimneier from 0,189 to 0,357
mm (fig. 6.

Although the evgs are frequendy found in elusters of from 3 to 30
or more they have very little cenenting fluid ahout them, so they wre
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not flattened against the seed and easily become sepursted from cne
another and from the surface to which they were attached. In this
respect they differ from the cggs of all other cconomically imporiant
bruchids,

As the eggs are varinble in size, different measurements have been
recorded by the various workers, Garman (30, p. 312) gives the
length as §.64 mm and the diamter as ¢.25 mm, and Kannan (44, p.
7) the length as 0.65 to 0.70 nun and the width as 0.26 mm.  Manter
(63) gives the length as 0.84 mm and the width as 0.30 mm, and says
they are so light that it woald take 40,000 to weigh a gram. The
eggs Inid by the snme weevil not only vary in size from day to day,
but eges laid the same day show quite n range. Eggs laid on the
last, day of oviposition are usually smaller than those laid earlier.
During November and December 1924, 231 eggs were measured.
They ranged from 0.546 to 0.798 mm in length and from 0.188 to
6.357 mm in width, In April 1925, 248 eggs laid by 27 weevils aver
2 3-day period were found to range front 0.588 to 0.798 mm in length
and from 0.210 to 0.336 mm in diamneter.

Ixcrsariony PErion

Slingeriand {88) reported the cgg stage of Acanthoscelides obtectus
as from 12 fo 20 days at Ithaea, N. Y., and Manter (63) gave it as
from 7 1o 17 davs.  The writers find that the duration of the egg stage
is from 3 davs undoer the moest favorable conditions to 27 days or longer
in winter., Table 3 wives typieal Incubation periods at different times
of the year,  The percentage of hateh in winter is always very low.

Tanur 3.—Duration of the egg stage und the time from halching of cggs fo rmergence
y adulls of Avanthoscelides oblectus al differenl tmes of the yeur al Athamire,
alif., {924
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THE LARYA
Frisnr Ixsran Lanva of AcaNTBOSCELInEs OnTECTUS

Riley 78) and Riley and Hownrd (81) first pointed out the strue-
tural peculiarities of the first-instar Inrvae of A. obfectus in 1892, when
they deseribed the toothed prothoracic plates, but it remained for
Kannan U44) to show the function of these plates.

The following deseription of the first-instar larva is from Kannan
(44, pp. 7-8) and a reproduction of his drawing of the larva is shown
in figure 7. '

* £ ¥ The young larva is only 0.52 {o 0.50 mm, long whicl: is nearly one-tenth
shorter than (he egg. The greatest breadth is only about 0.21 nun, ** ¥ The

305§ °—38-——3 :
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larva is eylindrical, the posterior end being narrower than the anteriorend,  There

is 4 series of snbdorsul hairs cich with a smalicr hair at the root and a similar row

of bristles occurs below the spiracles, of which there are nine paits.  Above the

first sbdominal spiracle is a well developed conieal spine. n the pronghum

immediately behind the liead is the H-shaped prothoracie plate.  There sic four

or five feebly eurved teeth on the upper extremitios of ihe plale and they are

rangedd more in a straight line than in & eurve. At the level of the cross picee

there are two teeth one on eneh side. These are larger and conical. The two

limbs of Lthe H are nob joinied togetlier but the teeth just deseribed come so close
together that the whole struclure has the shape of the lotter H, * % *

The head is siall and black in contrast to the pale colour of the todyv. The

epiceanium and the elypeus are nob firmly fused but o thin pale line indicates

their limits showing the

suture fo be foeble. EI‘hem

arg two eye-spots fairly con-

spicuous.  Thelabrom is tri-

angular.  The mandibies are

broad, cquilsteral, and ea-

pacious, cach with a double

hinge. * * * The maxiline are

much reduccd and brisily,

There arc two larpe segments.

The one shove is surrounded

by a whorl of bristles and

shows ingide a minntestump,

Frovne T First-instne lann of leawthoseelides oblectis, showing This stump is ":ll\'ld(‘d into

prothoraeie plites.  (Kapnen (24).) two parts, the distal segmoent

being terminuted by bristles.

The labiom ix sbseni, {ho part from which it normally arises being slightly

trinpgular with soping odges to allow, apparendly, for the passage of the borings,

There are three prirs of legs, cach pair shorter than the suceecdin gone. There

are but two divisions in each Iog,  The first one has at is distal end bwo spines

and the sceond joint is paddie-shaped a6 the extremity. | The terminal Hutiening

is & very unusual fealupe for an inscet log.  Tnwurd, near Lhe vrigin of cach leg,

is nlong bristle about the length of the bristies of the body but much more curvord

at the tin. The whole of the ventral surface is covered over with minute bristies,

all lurned backwards.  Demsally on Lthe penultimade sepmoent is & thick ehitinous

plirte with o fow bristlos un L.

LARVAL ADAPTATIONS

In 1892, Riley and Tloward (80) writing of Acanthoscelides obieetus
(B. fabae) larvae deseribed structural peeuliarities; the prothoracic
plute bearing two pairs of projecting spurs, the hinder pair having
cach a serrate edge of four teeth, and the anal plate also bearing four
horny, pointed tubercles all of which, they said “are evidently of
advantage in aiding the young ereature in the work it has to do,”
that1s, in boring into and becoming established within the bean. That
the young larvae had difficulty in entering and usually entered only
at the point of contact between two beans or » hoan and the container
or ab the point of & rupturein the seed coat has been noted by Lintner
(59, p. 271}, Nuanter (63), Bridwell {13) and others (fig. 8.)
Kannan (44} insshown that with 2. oblectus the legs, o weil-developed
anal sphincter, and the prothoracic plate all combine with the arched
dorsum in securing a foothold and maintaining a leverage between
the seed that is being entered and some other bean or other object
with which itiis in contact.

Without such s leverage the farva would be unable to make an
entrance.  Phis accounts Tor the fact that several Inrvae lrequently
enter abean at the sume point whereas their lurval burrows begin to
diverge just within the bean, as indicated in figure 9.
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Kannan’s description of the excavating (44, pp. 15-18) is as follows:

* # % The upper limbs of the plate are, of course, fived against the adjacont seed
or pod, the lower limbs on the surface near the poing of exeavation. The plate
may be placed not onty dircelly in front of the Jarval head butb also to either the
right or the left at sbout the same dislance in caeh ease.  This the limilalion im-
posed by the plate that explains the cireular eharacier of Lhe hole.  In working
on the hind edge of the hole the head is bent by the piate being fixed furiher
forwards. The operations deeper inlo the sced obviously cunnot be followed.
It is possible, however, that the two Jower teeth come into use when they are fixed
against the rim of the hole as the larva works nonr the eentre of the pit.  Then
also the V-shaped neck unfolds. * * % The expansion of the V-shaped infolding
will have the eiffcet of bringing the mandibles within reach of the hing wall of the
pit without a veniral infolding which is inevilable if the neck was as Jong below
as above, When the excavabion hns gome deep enough, 1he body wall will comne
into contact oll around and furlher progress i1s casy with the aid of perisialtic
movement., The difficuity of inilial purchase conses ai this poind,

FieUHE 5~ Lima heans aving o broken seed eool are mioce eisily cotered by the newhy badeled lervoo of
Acanthoacelider abfectus pud ure usonlly more bonvily fnfested than those with ai nabroken seed voad,

A mass of powder or borings make the point of entrance plainly
visible if the seed has not been disturbed. When the lnrvae {find
themselves in a bean pod they frequently bore out of the pod instead
of into the bean.

Lanval TIEVELOPMENT

The writers’ observations correspond to those of Marcucel (64), who
says that Acanthoscelides oblectus moils three times and then makes »
cell in which it molts the fourth time and becomes a pupas.

The average width of the head before the first molt s 0.15 mm, he-
tween the first and second molts 0.225 mum, between the second and
third molts 0.381 mm, belween third and fourth molts G.456 mm, and
between the fourth molt and the prepupal stage 0487 nim. Moliinge
1s very irregulnr, even in the same variely of beans under identieal
conditions.
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DynaTion or Tur Lanvan Staar

The duration of the larval stage of Acanthoscelides obiectus varvies
not only with temperature and humidity but also with the seeds in
which the weevils are breeding. This accounts for the different
lengths of time given by different writers, such as 24 to 42 days (88)

Fiours 9.—A hnlf of s besn inlo which two lirvas of cloistescelides abtectas entered Dhrolds Lhe sming Lol
A, The sped cont has heen removed o show the single point of entmnee: f2, tio same eabyimdan showing
the diverging lirval burmows froan the single entennes hole; £, the opposite side of e sime cotybedon
showlng the puimd cells Just benerth the sved cond,

and 27 to 54 days (68) for the lurvel stage, and 21 davs for the com-
plete eyele (75). The writers find that the Iarval stage mayv bhe com-
pleted ;1 12 days or that it may continue for 6 months or longer,
During warm weather in California it ususlly lasts from 17 to 25
deys. During winter the mortulity is high.
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The moisture content of the beans undoubtedly has an important
influence not only on the length of time required by the young larvae
to bore into the secd but alse on the rate of growth alter they are
within the sced.

The range of time for the molts of larvac in dry heans held in an
incubator ot 80° . during the period ol larval development was
found to be as follows: First moll, 3 to 9
duys affer hatehing; second, 11 to 15
days after hatching; third, 18 to 22 days
after hafehing; lourth, 24 to 27 duys alter
hatehing.

Tnder more favorable conditions (higher
tempernture with more moisture in the
Leans) the complete life eyele can be passed
in 21 days or less, whereas under less
favorable conditions it requires several
months; so 16 will be seen Lthat the length
of time required [or the development of
ench lnrval instar must vary considerably.

Descwirmox or reie Feuo-Growsy Lakva or
ACANTIOSCELIDES OBTRCTTS

The following description of the full-
grown Jarva has been preparsd by Adum
G. Béving:

Tull-grown larva (fips. 10 and 11) about 4 mm
long; in'size, general aspeet of bhady, and anatom-
ieal details similar to Collnsebruchus srenlaivs,
particularly in hasving only one ovellus on each
side, a maxillary palpus of one joint, in lacking
completely a labial palpus, and in possessing
small,ciretilar, annuliform spiracles.  Ttean, how-
ever, be separaled from smacnfains by the follow-
ing eombinalion of eharaciers:
Clypeus (fig. 10, 4) withont nwedian large plaie
and only & slight chitinizalion at hasis of lateral
sctac,  Labrum beset in frant of its plude with
numerous very short and finesctulae. Bubmentlal
selerite (fig. 10, £} weak and not covering that
part of the subfacial region in which two pairs
of anicrior and laternl setae are located.  Labiad
plate lalernlly concave in cotline and posteriorly
provided with asingle, median, light, round spot;
xoterior pair of light spots at basis of armsindis-
tinet orlacking.  Prothoracie lergal shiclds lack-
ing v almostso.  Finally, the pupillury rudiment,  Peaovie 10 Telulls of full-gravws luren
of the termina! part of the Teg is still stanller than G- lesthasccides obrectuss. 1, £ lxpeus:
in mecidatius and consistg of only two indistinel  Moowings by Déving) )
joints,

Daxiault (20) gives very excellent descriptions, not only of the
larval instars but also of the pupre and adults.

Puepegran Acriviery

As the larvae become [ully grown they ent their way out to the
seed cont and prepare pupnl eells in which they transform to adults.
The prepupal condition may last from a few hours in warm weather
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to several days at a low temperature. The lurvae appear to rotate
within the cells so as to rest upon their backs thus giving more free-
dom for the body and leg movements which accompany melting.

THE IM'UPA

The pupa of Acanthoseedides obtectus is white, smooth, oval and
closely resembles that of Cullosobruchus maculatus.

The duratien of the pupal stage, like that of the other stuges of
this wecvil, varies greatly nceording to temperature. A few degrees
difference in mean temperature makes a very noticenble diflerence in

Florns e Fullsgrown dnevie nnd puephe of eanthoscelides ebieef us retnoved from o Dean seedd,

the durntion of thig stage. Tt has been reported to be rom 11 {o 18
duys (88) and from 8 to 20 days (63), but the writers’ observations
mclienie that it may extend longer than 25 days,

DESCRIFTION OF ADIT OF ACANTHOSCELIDES ONPECTUS

Say’s original deseription of Aeanthoscelides vbtectus (85,vol. 1, p. 259)
15 as [ollows:

f3. obiecius.—Dusky; base ¢ d Lip of the antennae, feed and abrdomen ubseure
rufons.

Inhabits Louisinna,

Body above nackish; with prostrate, romewhal dense, dull yellowish hairs;
antennae gradually shicker to the tipy, bassl hall and Lerninal jaint dull rufous,
second joint nearly as long as Lhe third: thorax with numerous, distinet punetures;
elytra imnmeulate, Lhe strize distinel; apien] margin absoleiety rofous; beneath
black, with prostrate huir; feet dull rufous; posierior thighs somewhat dilated,
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beneath hinckish with a lootih near the tip and about two small ones nearer the
tip; abdomen dull rufous, immacnlate.
Length ess than thiree-twentielhs of an inch.

ViaUE 12 - leanthnsechdes obiectus, nduil .4 and pupa (M X 12,

The sexes are almost wentical in color, shape, and size, but the
gravid Temale is perhaps a little the larger on the average. The
writers have fomid that they range from 2 to 3.8 mm in length {fig. 12).

THE SQUTHERN COWPEA WEEYVIL
I BGG
Duscrivrioyn

The cgg is glossy, oval, broader at one end than at the other.  One
sicle 1s glued to the seed, this site being flattened aund the opposite
convex, The eggs runge in length from 0.409 to 0.756 mm, aund in
width Irom 0.204 to 0.462 mm. The viseid appearancs of the freshly
Inid ewg gradually changes s the embryo develops.  Alter the larva
enters the seod the egesholl remains attached and uppears dirty white.

Althongh the measurements of the eggs as given by dilferent writers
vary considernbly, it is quite evident thas there is some mistake about
the measurcments 1.98 to 2.64 mm, length, and 1.34 Lo 1.80 mm,
width, as given by Paddock nnd Reinlmrd (65, p. 75). Garman
{30, p. 814) gives the length as 0.615 mm and the diameter 0.371 mm.
Kanuan (44, p. 28} gives the length as (.68 mm and the width as
0.38 mm, and Brauer (7, p. 287) gives the length ag 0.71 mm.

The writers have measurcd cggs ab different seasons of the year and
find that the same varintion m size occurs at all thnes.  During
November, December, and Junuary 1922 and 1923, the writers
measured all the eggs laid daily by 10 pairs of weevils, A total of
713 oggs were measured.  Of these the extreme range in length was
0.400 to 0.756 mm and in wilth from 0294 to 0462 nim. Some
weevils consistently laid Jarger eggs than others.  The ratio of length
to width was quite different with eggs from different weevils.  The
eges 1nid toward the latter end of the oviposition period were smaller
than the ezgs laid earlier.  There seems to be ncorrelition between
the size of Lhe eggs front any given female and their viability,  Larson
and Simmons (53) showed that the first eggs laid by & weevil pro-
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duced slightly less vigorous Inrvae than those laid later and thut (he
eggs laid at the latter end of the ega-loying period showed the loast
vitality of ail.  Measurements of ihe eggs show that the first e
nre hardly as large ns those Inkd later and those Inid towsrd the Intter
end of the series are smaller than those laid during the middle part of
the egg-laving period.

Isrvnamox Penton

The duration of the ege stuge is from 3 duys under the most fuvor-
able conditions to 37 days or longer in winter. Table 4 shows the
duration of the egg stage a6 different times of the year. The por-
centoge of eggs that hateh in winter is always very low.

Tanre d—Duration of e gy stuge and the time from cqg stage In emergence of
adulls of Collosebruchus maculotus of differend times of the werr wd Alhambre,
Calif., 1226 and 1857

o Dorfed .  Porfml
from : : C [N F 1111

M whills e | b e TR el

- T 1 NU 3 [ e o wtehed + " Ity erigp-

perkoil - enierizml Lo of Iald ) operiod L emerped Eence of

adnlis . ) ©onelulis

e
G
Inidd

.[)uto VS
: harebed

. Py ;o Hups . ;
Jan. 00 Feb, 5. I May o He  June 70 June 0.
Mar. M0 Apr, W) : S b 11} A, A
Mar.28. 0 qlo Lt g - I, ¥y ofee, 2
Apr, 121 A, 2% i Jane : Isee, 17 ] Jan,

Do - o B dane s o Jteme 2E T June O
Moy 15 Al o7 ) by une H ht June 22 Inme 34

Do. o de 0 i Iy 3 E A, 0 oA,

Thyg

Paddock and Reinhard (64, p. 21 writing of Callosobrichus macu-
latus, say, “The shortest period observed, 4 days, oceurred Mrequently
thuring_the warmer portions of 1916, Tn fact, every period during
June, July, and Auvgust, 1016, was Tour davs.”  In'their table (65,
p. 13) they record two different dates in September in which only 3
days had been required.  The longest time recorded by them is 37
daysin the middle of winter with 25.5 ns the avernge and 11 the short-
estaf that time,  Slingerlind (89}, writing of the same inseet, recorded
50 days as the length of time required for eggs to hateh on green pea
pods.  The writers are inclined, however, {o think that the eggs he
recorded on the green pea pods and the ones that hatched 50 days
later were not the same oggs,

THE LARYA

The larvu of Callosobruchus muculatus molts three times and then
makes u cell in which it molts the fourth time and hecomes o pupa.
The first-instar larvae are quite diffierent from those of the later
stnges,

Tny Frrse-Ixsran Lanva or CaLLOoS0BRUCTTS MACULATUS

Kannan (44, po 23, after deseribing the first-instar Inrvae of a
number of other species, says of those of Cullosedruchus muculatus:

The larvae are short and thick-sel, with (he anlerior region more enlarged than
the pusterior.  T'he Tegs are no longer long, slewder and spadnlate, but short and
stont, aboul Balf the ngunl leneth, The Tweo joints are subegual.  The eurved
brisiles near {he leps are present us also the ventral spines.
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The prothoracic plate is exlrewely variable, no Lwg appearing quite nlike. Tt
is fairly broard and has about five Leeth on each of Lhe upper limbs, variable in
number and size, and Lwo on eneh side on the lower row equally vartable.  There
are Lwo still bristles midway between the npper and lower rows huf shifted more
toward the inner margin (fig. 13).

Although the larvae of Cullosobruchus maculatus und Acanthoseelides
obtectus are very similar after tho first molt, Slingertand (89, p. 448)
says:

Larvae in all slages after the first may he ensily separated from those of oblectus,
however, by o glanee al the eephalie margin of the front of the head,  The front
is of & dark brown color Tor o considerable distanes caudad * *,

LARYAL ADAIMIAPINNS

In discussing the special adaptations of Cullosobruehus moeulotus,
Konnan {44, p. 23) says:

The method of penetration of the ltrva is more cazily watched on necount of
the transpareney of the egg-shell,  The prothoraeic shicid nway be seen Lo be fixed
i different sitnations sgainst Lhe cgigeshell o front of the larva (o its el or right.
The lower limbs may he seen fixed (o the rim of 1he hole,

Tn greater detadl hie (44, p.
2) describes tho process by
which the larva ol Bruchus N

chinengis enters theseed. B,
chinensis is typical of the
inseets of this group which
cement their eggs firmly to
the seed or pod as does Cullo-
sobruchus moaculatus.

¥ % £ Poforomaking the ox-
cavation the H-shaped ehitinous
plate is hrought ot a convenient  Fren 18- Fiest-insiar larsn ol ¢ '{f.*hl.wnhrnchu.v el i,
angleand fixed ngninst the egg shell (Rammn €3
in which proeess the re-enrved
teeth of {he npper limbs of the H are of considerable help, Ouee the (eeth of {lie
plate ore Hxed, the larva begins operations ¥ ¥ % The ehitinons provess ap-
parently serves a {wo-Told objeet, 16 stands on w small movabie fold of skin
which can e moved forward or haekward so that the bead may be nearly covered
or complelely Tree. When the teeth are fixed apninst Lhe opge sholl far behind,
i. e., near its preatest convexity in ihe thoracie rogion, the head is freer and the
mandibics are engaged in the anterior half of 1he hole; when, on e aller hand,
the posterior hndl of 1he hole L 1o be made, the ehitinous steoeture is adjusted
further forwards, T either ense, ie angle al which the ehitinous process is fixed
againsk Lthe egg shell, appears Lo determine the Inelination of 1he hend and consoe-
guently the purb of the hole 4hat the lurva works on at noparticalar nmoment.,

To nnderstand elearly why the lurvn does not bend its head downward, as one
might expect it to do 1n these cireumstanees, il has to be remowbered (hat ils
body is very short and thick, Tt seems cerfuin, {herefore, that any aetive bending
of the hody would have Lo take plaee in e middle, so ns Lo fortn o semi-eirenlnr
shape, which in faet 1he larva does tnke in he Jaler stages of the growth, In
these earliest stages, while the Inrva is still restrieted to the narrow confines of the
ceg shell, there is no room for sueh w bending process. Alorcover, us the legs are
alrophied, they cannot function in gripping the surfaee of the seed, The pos-
terior end of the egy is also nurrow and is fully oeenpied by ihe nbdomen of the
Inrvi.

The procedure whicl the larva follows is therefure very different from what one
might expect, The forces exerted ju the process of boring seem to be of iwa
Linds, Tirstly, the ehitinons process heing fixed apninst {he egg shell in tho
region of ils greatest convexily, forms o firm bage Tor the aetion of the mngdibylar
museles,  Secondly, there is a thrust forward Crom Lhe abdominal end which, sy

A05H° —08%——1
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atready siated, is closely applicd to the egg shell.  This forward movement is, by
reason of the atlachment of the H-shapued process Lo Lhe egg shell, converled hito
a vertiead foree thrusting the mandible sgainst the surface of the seed  * % %,

The tension on the egg shell exerted by the larva soon reveals itself in minule
folds redinting from Lihe anlerior and posterior extromitios of the cpg shell,  There
are shallow grooves produced by the teeth of the chitinous process as they are
moved forward or backward during the course of larval adjustmentls.  'The foree
so exerfed may be so great as to rupture the cgg shell. This break usually oceurs
in the region of the preaiest convexily of the egg and through it meal from the
exenvalion may also be seen to come out.

The fact that the young larva ordinarily cannot enter the seed from
the egg unless it is firmly attachied points o a reason why larvace from
eggs lald on the seeds of Bgyptian cotion did not enter the sced.  The
eggs instend of being firmly attached to the seed were attached to the
fbers which would allow movement and prevent the larva from being
sble to hore out of the egg shell.  This may aceount for the habit of
the adult of selecting fitm, whole seeds for oviposition rather than seeds
on which the seed cont is broken.

Larval, DEVELOMENT

The moisture content of the sceds undoubtedly has an important
influence not only on the length of {ime required by the young larvae
to hore inlo the seed but slso on the vate of growth after they are
within the seed.

Tt measurements made of Iarvae reared in dry blackeye cowpeas
the average widih of the head was found to be 0.24 mun following the
first molt, 0.33 mm alter the second, and 0.48 mm after the third molt.

The molts occurred as follows: Tirst molt, 10 to 15 days after
hatehing; second molt, 18 to 25 days after hatching; third molt, 24
to 27 days alter hatehing; fourth molt, 32 or more days after hatching.

Since this weevil may complete its life eycele in ns shori o period as
14 days or may extend it to § months, depending on the temperature
and moisture conditions, so the length of each larval mstar may
differ from those recorded nhove.

Dronarion of o Larval Sraas

The duration of the larval stage varies not only with temperature
and humidity but also with the hosts in which they are developing,
It has been observed to range from 9 days (63, p. £8) or less (/1) to
8 months (33). A larva was dissected from a blackeye cowpea 235
days ufter the cgg had been laid ou September 26, During warm
weonther in California thelarval stage Insts [rom 17 to 22 days.  During
winter the mortality is high.

DEsenripmon oF Ths Pon-Growy Lanva or CALLOSOSIUPHUS MACULATOS

The following description of the full-grown larva of Cullosebruchus
macwlotus has been prepured by Adam G. Béving:

Fuli-grown larva {Aig. 14) abont 4 mm long, thick, curved, and white; alinost
nrlced and with rudimentary legs.

Head elongale, oval and usuaily deepty relracted; only the exposed parts of Lthe
head capsule colured, the remainder whitish; head conneeted with budy by a
cervieal eollar which is particulnrly broad dersally, and beesuse of this membrane
the hend mny be abnost complelely protruded from the prothorax when necessary.

Epistomal wargin of frons (epd) strongly chitinized and behind it anterior pard
of frons also chitinized, but much lighter aad thinuer; anteriosly on each side of
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frons are $wo setac of modernte length, and purnmedinnly a round, almost white
spob is offen observed.  One small ecllus, ~ Antonna short, two-jointed, formi-
nally besef with many tactile papiliae.  Clypeus (¢} Lransverse, almost complotely
covered with a chitinouy plate thet carrles a dong setn ot encliend. Labrun drans-
verse, with anterior mnvgin convex, aboub s long as elypeus bub somewhat
narrower; like the elypens it hag o chitinous plete with a long sele b each end,
and more inwardly, some distance from the seta, is a small sensory poind; in front
of the plate the labrum is densely beset with setne of rather equnl size, and most of
them sre as long asg one-third of the middle length of $he labrum.
Mandibe robust, subtricngular, ebout as
wide ns long, without {eeth or grinding sur-
face, distally wilh a rvounded, sharp odge,
and facing the buoceal cavity somewhat
gouged on inner side.
Maxitlary palpus consisting of a single,
rather short, conienl joink; pulpiger broad,
jointlike, and carrying n smadl, projecting
digitiform mala, which terminally is armed
with a comblike orgnn formed by fve long,
flat setac placed closely togethor.
Bubersninl arcn undivided aud formed by
o fusion of the moenial, submential, and Ia-
bial areas; Inbial palpi lacking, Posteriorly
o fairly well developed buk thindy ehitinized
sibmental sclorife (sm) Iocated some dis-
tance away lrom Lthe labial piaie, not sur-
routtcting 16, Labind plate {Ip) vellowish,
anteriorly roundly incised between a pair of
strongly ehitinized dorlrer arns; exlernally,
ub basis of cncly arm, o clear, while, round
spot indicating the placo whorein olhep lor-
vae & labind palpus s Joenled; tderally the
labial plate convex and posteriorty ralhor
indistinetly outlined, without o median in-
cisivn or o meding single round white spot.
Liguin (If) greatly redueed bub carrying two
long setue.
Prothorax provided with a pair of thin,
light-yeliow tergal shields with from four to
five rourl whitish marks. Mesothorax and
metathorax identically built, metathorax
slightly ihe lerger; hoth with two rather
flat nnd short tergal pleats.
Ineh of first seven abdominal segments
with fwo large swollen tergal pleads, » lovgo
hemiglobularly bulging epipleurl lobo, and
a smaller hut similer hypoplewral lobe;
cighih abdominal segment smaller {han sev-
enth and its forgnl pleals rather indistinel;
ninth abdominal segmeni short and button-
shaped; tenth small and mammiliate,
Legs represceuted by three pairs of pre-
tuberant pedal lobes (coxne?), arranged in
fwo posteriorly diverging series, caeh lobe
earrying on the fop o papillary rudiment
of the three ferminal leg joints; no claws. FI6URE i4.~\ature inrva of Catfosobrachas
} _Spi_racles‘ small, ring-shaped, aud only ;’é?g;ﬁgfua e’gii ré—lll.;,;_:\a_u;:fs; 2, sulnnents
slightly chitinized, one mesothoracic and (Drawing by Boving)
eight abdominal pairs of spiracles prosent,
all of about equal size, the mesothoracie placed in the skin between the protho-
racic and mesethoracic epipleural nreas, all the abdominal spiracies located in lower
gaaﬁ of terga and above epipleural lobes; cighth abdominal spiracle near end of
ody.
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Prervran Acriviry

When the larvae become full grown they go through the same move-
ments as were deseribed for the larvne of the bean weevil.

THE I'GPA

The pupa of Callosebruchuy maculatus is stout, compaet, whike, free from bristies
or hairs,

Ventral view: Qutline oval, tapering to a blunt point distaliy, broadly rounded
anteriorly. Head distinet, bent closely upon thorax; mouth parts bnmediately
bebween coxac of first pair of legs; mandibies distinct; palpi free, seginents dis-
tinet, reaching sceond pair of legs.  Eyes prominent; antennae strongly curved,
passitys behind first and second pairs of legs, lying fiat upon the eivtra, segmen-
tation quite distinet, almost three-fourths as Jong as clytm; Iongitudinal ridges of
elytra very distinet. First and second pairs of legs equal in tength, folded hori-
zonfully over olytra; tarsi parallel with body, segmentation distinet; last pajr of
legs covered by wings, except tarsi, which reach alhiost to the base of the last
abdoninal segiment.

Laterol view: Hend deflexed, prothornx depressed anteriorly, spiracles ingon-
spicuous; frst and secoud pairs of legs cover basal portion of elyira beneath the
antennae; antennae curved venbeally behind the legs to nhout last one-fourth of

elytra; wings prominent, curved ventrally
behind second palr of leps and cover all
but tarsi of last pair of legs; sbdoninal
sepments distiuel, spiracies inconspientous.
Dorsal view: Head concealed by pro-
thorax; thoracic segments distinet, pro-
thovax more or less friangular in outline,
much wider posteriorly, tenninating in
sharp points sbove base of wings, median
ling  conspieucus,  abdominal somucnts
nearly cqund in size.
Leng™h 8.2 to § nun (Hg. 15).

_The uration of the pupal stage,
like that of the other stages of this
weevil, varies greatly uccording to
the temperature. A few degrees’
difference i mean  temperature

FIGURE 15: - Calforofwnchis suefntins, o th- qle 1604 3 N
l;rn W RE ::'e{-\"ii;:i:flim1?.:1} n:m! pn;)ds:D?B)A ?n‘l!\{‘g & \TCI:y nofic (,2}-1)18 dlﬁel Erl‘l{!(’.
X H. m the duration of this stage. The
writers have not noted as short, or
as long, durations of this stage as are recorded by Paddock and
Reinhard (85, p. 37), who record extremes of 3 and 53 days. They
show not only that the mean temperature may have a positive
effect on the Iength of the pupal stage but that the average length of
the stage may be influcnced by a severe low temperature or by a few
days of warm weather. Larson and Simmons (53) noted that the
duration of all later stages may be influenced by a period of cold or
warin weather during the first few days after the eggs have been laid.

DESCRIPTION OF THE ADULT OF CALLOSOBRUCHUS MACULATUS

Beeause Hom’s desaription  (40) of Callosobruchus maculatus
(Bruchus quadrimaculetys) is more in detail than the original descrip-
tion by Fabricius (23), the former is here given as follows (40, p. 818):

Flongate oval, moderately shining. Bencalh equally clothed with whitish
pubeseence.  Blyira ferruginous or pale brown with large lateral spot and apex
brosdly black.  Head dark brown or blrck, densely punclured, front sub-garinate.
Antennane as long ss head and $horax, serrale in both sexes, four basal joinds
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pale rufous, outer joints dark and nearly black. Therax trapezoidal, broader at
base than long, sides distinetly arcuate, base trisinuate, basal lobe emarginate and
clothed with whitish hairs; color variable from ferruginous to black, coarsely
punctured, sub-granulate and feebly shining, sparscly clothed with cinereous
hair. Scutellin with median impressed Jine and clothed with whitish hadir,
Elyira broader at base than thorax and longer than wide, sides feehly arcuate,
humeri moderately prominent; striate, strise punctured, intervals flat, denscly
punctulate; color ferruginous with Iarge lateral spot and apex hlack, clothed with
whitish and einercous pubeseenge. Pygidium nearly black with median line of
whitish pubescence.  Body bencath piveous densely punctulate and sparsely
but evenly clothed with cinercous hairs; abdomen pale brown.  Aunterior and
middle legs pule rufous, hind legs pale brown. Hind femora armed with an
acute tooth on the inner side and a broad triangular toollh on the outer side.
Length 12—.18 ineh; 3—4.5 mm.

The writers fine that the adults range in length from 2 o 5 mm.
The niales are more reddish and are smaller than the females, but a
large male may be larger than a small female.  Breitenbecher (9, 10)
has shown that the colors vary greatly and that the order of domi-
nance is red, black, white, and tan. He (J2) has also recorded an
apterous mutation of this speeies.

EMERGENCE OF THE ADULTS OF BOTH SPECIES

The method of emergence of both species is practically the same in
every respect.  After casting the pupal skin the beetles require some
time, ranging from less than 1 <day to several days, according to the
temperature, to complete their development before they are ready to
emerge from the seed.  They lie quictly for some time after thay are
apparently {ully developed. This is shown by the fact that merely
moving the beans will cause the weevils to become active and emerge.

Emergence is accomplished by the adult cutting a tiny groove in the
secd cont along the edge of the larval burrow,  In some Instances the
groove apparently is cuball the way around the disk and at other times
only part way around. After the groove has been made, pressure is
applied Lo the disk over the burrow by the head and front feet.  Aflter
the beetle has its head out of the burrow it sometimes waves its
antennue before completing the emergence.  Sometimes the disk of the
seed cont is pushed complately away from the seed by the head of the
hectle, but at other times it 15 merely pushed out like a trap door to
permit emergence, after which it swings back and closes the burrow
so completely-that close scrutiny is necessary to detect it.  The same
thing may be noted when the beetles eut through paper bags in which
they liave emerged (fig. 16).

Paper bags are cut through only by adults cutting their way out
from seeds in contaet with the paper where they have the necessary
support and conditions similar to those of beans in a pod. The writers
have net observed cotton bags being perforated except where the
fabric is loosely woven; then the weevils work out between the threads
but do not cut them.

The exit holes left in the heans by Acanthoscelides oblestus and
Callosobruchus maculafus are exactly circular and may be of the same
size. 'Those made by a large female maculetug are larger than those
muade by obfectus. The exit hole may be on any part of the seed, but
the angle of the burrow to the surface of the seed aids in determining
whieh species hus emerged.  The burrow left by obtectus often lics just
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benenth the sced cont and almost parallel to it, whereas that left by
maerlutus is usunlly at an angle of 45° or nore and sometimes extends
direetly through to the seed cout on the opposite side.

Callosebruclius maculelus frequently emerges from the end of black-
oye cowpeas. In this case the larvae seem Lo have caten into the
contral eavity within the seed and to have been unable to obtain food
except at the end where the eavity is small enough forits sides to serve
as & brace Tor their bodies.

Ab the ime of emergence the beetles are larwer and the color mark-
ings are mare distinet than they are ab any later time.  As the bectles
got older their abdomens beeome much smaller and shorter.  In cer-
tain grain weevils {his deerease in size is due to the nbsorption of the

Paarue 16 Paper lng showing bieles cat by seeevils emieeging {rom beamps.

fatly bodies {48}, and it is probably due to the same cause in the case
of bean weevils,

Altheugh Prichard and Breitenbeeher (70) showed that theoretically
there should be equul numbers of niales and lemales of Callosobruchus
maculotus, the writers have observed that there is u preponderance of
males.  With [avorable food in which to develop, from 52 1o 54 per-
cent of the beetles usually are maules.  In less favorsble food, the
percentage of males has been ohserved o be even higher.

ACTIVITIES OF THE ADULTS
The nctivity of the beotles of both sexes and both species is grently

modifiesl by temperature.  Even in the summer they begome sluggish
during 2 cool night but resume activity the next day after it has become
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warm again, and during the hot part of the day they are rsceedingly
active and restless, the males running nbout incessantly and making
numerous short f{lights, and the females sceming to be continually
searching for suitable places for oviposition.

FEEDING BY THE ADULTS

The leeding habits of the adults seem to have received very little
attention.  In the literature on bean weevils the statement is {re-
quently made that some of the weevils emeree in the fall and others in
the spring nnd Iny their eggs on Lthe pods, or that they ive on the young
bean plants until they Iny their eggs. The lile history ol this thsect,
as1t has been discussed by numerous writers, denls with the number of
eges laid and the length of thine required for the development of the
different stages. Where the length of fife of the adult is given 1t i
ususlly the life of nn insect that has been caged on o bean plant or of
one that has been confined on deied beans,  Suelr life hislories may be
accurate for insects so treated and still not refloct the lives ol weevils
at liberty in the warchouse ur in the lield.  The feeding habits of the
adults and the time and rate of dispersal from infested seeds have
usually heen overtooked.  These greatly inflluenee the fength of life of
the weevils and the number of progeny produced,  They may be the
determining factors in the degree of Infestation n a crop.

When studying the habits of both Jeanihoseelides oblectus and Callo-
sobruckus maenlatus, espeeinlly in connection with oviposition, the
writers have frequently caged weevils on different variclies of growing
beans where it was possible (o observe their feeding habits on the
plants. For this work three types of eages were used, {1 a mushin-
cloth-covered eage 6 by 8 by 6 feef high with a door in the end to per-
mit entry: (2} sereen~wire-covered cages 3 by 2 by 2 feet & inelies high,
with o door in the side; and (3) cages 18 by 18 by 18 inches, covered with
sereen wire on the top and three sides and buving window glass in the
fourth side.  In these eages it has been possible (o study the habits ol
the weevils under comditions similar to those in thoe field.

These weevils, aceording Lo Zacher (983, are provided with a sufli-
clent quantity of reserve substance in the {arm of [atty hodies tocarey
them over from the pupalsinge to sexual maturily of the adulbwithout
other nourishment.  Speaking of Aeanthoscelides obtectus, Slingerland
{88} said thut they soon die on dry beans bullive in neage on the grow-
ing plant for » month or more feeding on the parenchymaof the leaves,
but when questioned lie said he had not seen them fecding on the leaves
in the field, Later be said (89, p. 1443, “The bhoetes fed upon the
surfaces of the leaves vutil the pods were neavly Tuil grown but still
green.”  Fawley (37), writing about this weevil, suys:

In an effort Lo defermine the smnmer hztbils of the weevils thal emerge from
infested secd when iU is planted, the writer, on June 18, 1918, placed weevils, nod
beans conlaining lnrvae and pipac of Lthe inseet, in o Geld enge in which staall benn
plants were growing.  On Joly 2 60 was noted thad the paeent beeties had eaten
small pieces from the leaves of the plants,

Hawley did not say that he or any one ¢lse saw the weevils eat the
picces from the leaves.  The writers have watehed for but have failed
to note similar injury to the bean plant, the only Injury nofed being
the oviposition sears made by the mouth parts of the female in the
sides of the growing pod and the oviposition sears made in the suture
of the more developed pods.
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On caged plants, these weevils remain almost motionless for hours
at a time.  The base of the petiole and, less frequently, other parls of
the leaf and the stem are selected as resting places,  Sometimes the
wecviis appear to be searching the blossoms, but enreful watehing has
fatled to show that they obtained feod from them. They do not go
from flower to flower as nectar-secking insects do but appenr to obtain
some nourishment from the small particles of dew and honeydew on
the plants. The habits of the eaged weevils apponr to be jdentieal
with those {ree in the field, as far as the writers have observed,

In most of the eage experiments the exnes leneth of o of the adult
wis not recorded, but in 1923 it was recorded in five eage tosts in
which the weevils lived from 7 to 18 davs with an average of 15 diys, &
length of time quite closely cerresponding to that of the weevils that
received no food in confinement, as recorded tntable 7. Under cortain
climatic conditions weevils live longer than this in eages just as weevils
sometimes live longer when confined on dry beans than is recorded in
tha table.

The general assumption is that adulis of Callesebruchus maenlelus
require no food, nd that as soon as the reserve food material stored up
by the lirva is exhausted the adult dies.  This is borne out by the faet
that weevils of both sexes are smaller Loward the end of life than at the
time of emergence, the female shrinking to nbout one-fourth her former
size. In warm weather this reserve food nmnterial is used up more
rapidly than in cool wenther; therefore the weevil lives longer in cool or
mild wenther than in hot weather, although it does not produce more
eggs during the long pertod of life than during the shorter period ut the
higher tempersture.

The few known statements regurding the feeding hubiis of Callo-
sobruchus maculatus are not altogether in necord with one another.
Speaking ol Bruchus chinensis, which he says s typieal of the other
bruchids, Wannan (43} savs; “The adults appenr to take no Tood
during their life.”  Wade (37) sayvs:

Weevils were bred in suecessive penerations * * %, the aduils taking neillier
food nor drink thronghout their existence without apparent injury to then or
effect upon their activities.  Under these conditions adulg femades were kopl alive
for as many as 40 days, ¥ *  F  That the adults will deink was demonsteaied
an several oceasions when water was given lo them, of which {hiey pactook
greedily.  So fur s conld be lerrned, aceess to water didd nol stiinalate iheir
netivitios of prolong their fife,  That they feed cannot be siated definitely; none
were ever observed to to so, aithough i is guite pussible that they mny Teed somy
on the green pods wnd folingo of the host plant.

Sanborn (83, p. 12) suys: “The adeits are nob as ravenous as the
young or larvae.”

Ashmead (1) and Cushman (18) report Callocobruchus maocnlotus
vigiting the blossoms and nectaries of cotton plants.  Paddock and
Reinhard (65, p. 88) say:

The cowpen weevil has nol heen observed 1o feed on any solid foad in the adalt
stage, and the cowper is injured only by the freding lnrva. Observations show
that the aduli woevil never atlncks cowpens diveelly, excepl when emerging il
somelimes gnaws ifs way through the thin shell covering the oxid of the larval
burrow.  Frequently the adnits reenter the larval burrows in the peas aoid die,
giving rise to an erroncous popolar opinicn that they feed upoen the peas. T the
fickd the adulls feed almost exclusively wpon sectar seereled by the neetaries
loeaded ab the base of the green pods. A fow adulls buve been collected from the
Blossoms of cowpens, None were observed Lo visit biossoms of other plunts with
any regularily. The nduity are egregious in feeding.  Invarinhly single individuals
were found feeding; veeasionally two or three wore observed at the base of the
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same pod, bub they nover fed o Inrger munbers. The weevils, while feoding, are
very active end scek shelter very guickiy upon Lhe slighiest disturbanee.

The writers have observed that when this weevil is disturbed in the
field it sumetimes flies away, but more often it drops into the foliuge
of the plant,

MATING AND PREOVIPOSITION

Both species of weevils mate frequently.  Under stornge conditions
this may occur any time from a fow hours to a fowdaysafler emergence.
In warm weather mating of Callospbruchus mucudatns tnkes place
almost immediately alter emergence, und eggs may be Inid wilhin o
few minutes or hours.  Kven with favorable teniperatures, mating of
Aeanthoscelides obtecius does nob always take place during the lirst 2
days following emergence. The weevils usually mate, however,
before the Temules My away in search of new material on which to
oviposit. Competition smong the males is vory koey. After muting
has ceased, however, the female is left alone Tor several hours and an
ovipositing female is not disturbed by the male. When woeevils are
confined m a bell jar under o partial vacuwm their impulse for mating
is greatly increased,

Paddock and Reinhard (635, p. 52) noted a pair of Callosobrueclns
maculatus in copulation I minute after they had emerged.  They
{65, p. 51) say:

Copulation is generully of short duration, rarely coinprising more than three
or four minutes.” ¥ * 7% A{en pairs of weevils wore timed while copulating,
The average line was Lthree minutes and bwenty seeonds, * % ¥ Withont
exception the female mnakes the inftial altempt at rolease, * * *

They also say that the same female has been observed to copulate
as many a8 three times.  The writers have observed the same female
in copulation as many as 7 times and the same malo as many as 23
tines. They have noted thab the mnle sometinies mahos the initital
effort at release.  Frequent observations indieate that durstion of
copulation is shortest while the male is young and vigrous.  The
writers have observed old males in copuin with dead females. One
newly emerged male of (' macwlutus was kept wnder observation and
allowed to male only with virgin females. The male was kept alone
except while under ohservation as noted.  Ilelived 13 days nnd minted
with 23 females. The duration of copulation was from 7 to 34 minutes.
Fourteen of the females pradueed fertile epes.  Four wore lertilized
the same day. The male copulnted six {imes in T day.

At Tavorable summer teniperatures oviposition by Cuallosobruchus
maculatus usually beging during e first 24 hours after eMerEenee,
The writers have frequently noted oviposilion within 2 hours alter
emergence,  One was observed to Iny Hs liest egg 46 minules after
mating while another wns observed 1o lay it first e 31 minules
after mating and the second egg 3 minutes later.  Both oges htehed
and produced vigorous adults.  The ege laid 31 minutes nlter mating
produced & female whieh emerged on the thirtieth dav after the cuy
was laid.  Under similar favorable conditions oviposition by dean-
thoseelides oblectus may begin the lirst day but nsuaily not until the
second or third day after emergence. Table 5 gives the typical preovi-
position periods for the two species throughout yerr,  The preovi-
position period is longer in ceol or cold wenther. Drink as well as
hquid food Tengthens the preoviposition perind.  When no lood is

RUTHE RSt e
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obtained the eggs dovelop rapidly and are Inid early in the lile of the
adult; but when food is obtained ege developient is reltarded, giving
the weevil an opportunity {0 make 4 more extended search for mafe-
risl on which to ovipoesit, which is necessary in the fickl, ecspecinlly
hefore the erop is well ripencd,

Tannn §,—Lenglh of preoripesition period at different Humes af the year, length of
ovipasition period, number of eqgs laid, and length of life of adulis of Neantho-
scelides oblectus and Cuatlosabruchus umcniahn, Afhambra, Cabif., 1022 25
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HOW WEEVILS FIND BEANS ON WHICH TO OVIPOSIT

Tn teying (o solve the problem of how weevils find beans oo which Lo
oviposit, the writers huve conclwdded thrt stght s of minor importance
and that theinsects are guided to the seeds mainly by smell. Althoogh
weovils will sometimes alight on glass jars {n which beans ave stored
they have no trouble in locating seeds 10 smndl paper or cotton sacks,
even wheu sucli sacks of heans have beeu hidden away i drawers and
almost complelely covered with other materials. The weovils entoer
the drawers at the edges where Lhese do not {it snagly, awd then go
to the beans in the sacks, 1 s aitogother probable that the vipening
pods and sceds in the field emit an odor that attmcets the weevils and
that o similar odor is given ofl by dried seeds In storage. Vasiliov ()
is of the opinion that femnles of Acanthaseelides obleetus are attracted
to mare or less ripe pods by (he peeulineg and mther strong smell of
these pods.

OYIPOSITION IN THE FIELD
THE BEAN WEERVIL

Tn the field the femules of Aecanthoseclides obicetns search out over-
ripened pods split open along the sulure (Mg, 17), ceawlinto them, and
lny eges, 1 nod Is nob opened sufliciently for entranece, the weevil
inserts ity ovipositor and inys ils eges within the pod.  When such
pods eannot be Tound, more immature pods nre aceeopted, and alter
long and careful examination the female seleets n spob near the mididie
on I]m side of the pod between two growing beans and makes an
opening.  The hole is execavated qim\}v with the mandibles, and
apparently none of the solid portion of the green pod is eaten, although
probably some of the juice Isswallowed.  As the exenvation progresses
the weevil frequently turns around, inserls its ovipositor, and probes.
When more mature pods are avaifable thie suture 18 alw nys chosen
and a.small hole is made through which the eggs are Inid.  The weevil
takes a position ut right angles {o the suture (fig. 18, 21} and bites and
pries with its mouth purts at the same poing until i malkes n suitable
opening.  This often reqguives several hours’ work, Thuring tho proe-
ess 1k frequentiy turns sround nnd tries to insert s oviposiior, which
it ulso uses 6w a feeler to determine the size and depth of the opening,
Tt sometimes stops to rest and may crawl abous the pod fora minuie
or move, hut it usually retuens dicectly to the point at which it was
working, without stopping to feel or hunt for s location.  Slinger-
lanel (9"?) says that several heetles would work on the same slit, one
driving the other away and continuing the worl itself, bhut the writers
have never observed such an occurrence.  Sowetimes a pod s nlan-
doned aftler considernble work has been done,  After a satislactory
opening or slit In the suture has been nade the weevil tnkes o imsltat)n
at right angles to the sulure with the head away from it (fig. 18, B,
then forces ity long semichitinous, telescopice n\'iposit(}t' into the slit
and begins oviposition.  With the aid of & good reading glass, the
avipositor ean he seen to expand and contract 1s {hv oggs pass down-
ward in rapid suecession.  After seversl eges have boen Inid the
ovipnsitor is withdrawn, and the eggs appear fo he pushed down
throngh the slit by the mouth parts of the inscet. The ovipositor is
again inserted and more eges pre laid. Trom H) to 35 eggs are com-
monly lnid in one place by s young, vigarons femule, but as the weevil
gets older it fays fewer egus. The writers have noted 66 cges benenth
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one oviposition slit, but in storage they have never known a weevil
to lay more than 59 eggs in 1 day; one weevil, however, laid 16 eggs
L day and 59 the next.

Riley and Howard (89) report the emergence of 91 heetles from
one pod collectel “when mature and yellow.”  They also found 82
weevi] oges in & hole made by a caterpillar,

Fraves 17, Overripemed Dean posds inake ideal place fur gvipositlon by weevils,

Marris (34), writing of an infestation of rAecanthoscelides obtectus
snys that with Golden Wax and Burpee Stringless beans there is o
direct relation between the size of the mauture pods and the probability
of infestation; that is, the pods having a large number of sceds are
more likely to be infested than smaller pods having fewer sceds.
There was no relation between the loeation of the bean in the pod
and ibhe probability of infestation. The writers think that the
correlation between the size of the matured pod and the infestation is
dependent upon a factor which Harris fniled to note and that is the
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time of ripening of the pod with relerence to the other pods on the
same vine. The early ripening pods (46) areselected by the weevils lor
oviposition. The early pads are frequently the largest on the vine
and are almost always larger than the late-maturing pods. A small
well-ripened or overripe pod
on one vine is more likely Lo
be seclected for oviposition
than n large green pod on the
next vine.
THE SOUTHERN COWPEA WEEVIL
In the field the adults of
Callosobruchus macwlatus also
search out the overripencd
pods that split nlong the su-
ture. On the exposed por-
tion of the seods in such pods
the females glue their oggs
(lig. 19), They prefer ex-
pused beans on which to
oviposit, hut whien sueh beans
cannot he found they deposit
their eges on the outside of
the pods (fig.20).  They have
heen observed to oviposit on
pods of blackeye cowpeas
which were not more than
half grown, showing a pref-
crence for those just begin-
ning to turn yellow. Seldom
are more than three eggs
found on one pod unless there
are only a limited nwnber of
l)O(]S ('10.‘-‘5(‘- to a source {rom Figure 18, —0vipogition by Acenthorcelides oblectin}

A ISP . A . ert A, Weavil chewing o hale at the sutnre of o bean
W hl( h weevils a1 ¢ emerging, Iody &3, positfon when inserting the ovipoditor,

T RE W—{owpens 1o open pod bearing miterous opes of Ceffosabrechiy mncidatey, Uhis s onestrems
rase,
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FieU kL 2y Fepsof O aifowefirneline ptreafadigt an the extorisr s wopaed of cuwjens, The stanll white spols
represent epeshells, whieh renelo Qrmdy avtgehed even nlivr the pdulls Jaee emerged; Lhe dirk apols
represent exil boles
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OYIPOSITION IN STORAGE

THE BEAN WEEYIL

In stored heans .lcunthoseelides obtectus generally chooses » space
between two or more heans and oviposits in the narrow portion of (he
space and usanlly toward the upper part of the container, but never
on the upper surface of the top laver of benns unless these are in contact
with the container.  With some varieties of beans and perhaps with
most varietics the weevil senrches for beans having a eracked seed cont
and oeviposits benenth the seed coat of the bean.  This habit is quite

‘ !
.{

L

Fret BR 2 Bt i 0 Lo ethover fufex offectns on tonad Licans.

the reverse  of Lhat ol Cullpsobruchus muculotus, which avoids seeds
having broken or loose seed coats.  The eges of . obfechns are ouly
lightly atinched and are ensily brushed ofl (lig. 213,

That the rate of oviposition and the number of eges laid by | lean-
thoseelides obtectus in conlinement are influeneed by different Toods is
indicated in table 6. This table shows that one weevil during its
life Inid 200 eees -the greatest number recorded,  Without water
the number laid daily varied greatly.  The nuximum numher ol eges
Inid was smaller and the oviposition period shorter in the case ol those
receiving no food than with those given water,
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TanLe 6—Oviposition record of females of Acanihoscelides oblectus given different
Soods, Alhowwbre, Colif.
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THE SOUTHERN COWPEA WEEVL,

During the ovipesition period the females are active, continually
crawling shout among the secds, stopping ouly momentarily to
examine the surface of & seed or to massage their abdomens.  Brauer
(8) says that the mussaging with the metathorasic legs nids in the
removal of the eggs. The egg emerges with the micropylar or small
pointed end first, and when this comes into contact with the surface
of the sced it ia held Tast by the cementing substance exuded at the
snme time.  With the normal female there is sufliciens comenting
fluid with the egg to allow it to lie Mull length in contact with the seed
and be firmly attached the entire length; hut as the female becomes
moribund, it appears that less cementing fluid is genernted, and this
hardens more quickly so that the egg is attached to the seed only at
the micropylar end and enn ensily he hrushed ofl.  Such eggs fail to
hatch,  When an egg is laid, the weevil may crawl dircetly awny, or
she may merely move away from the egg and stop long enough to
massage her body with her legs and antennne before moving on,  The
activity of the females insures the distribution of the eggs over the
surface of many sceds (fig, 22). The cggs may he deposited on the
upper, lower, or side surfaces,  Apparently the weevil oviposits from
any position and never turns around to examine the newly laid cgg.
No matter how the eggs are lnid the young larvac always develop
with their heads in the big end of the eges.

That this weevil is quite discriminnting in its choice of seeds for
oviposition has been shown by Larson (49, p. 74), who says:

It oviposits freely on some varielies even in whicl there is a total moréality of
the yvoung larval siage but it shows a marked hesitaney in oviposiling on other
varielics in whielh the young larvie eatnnob sureive.  Again oviposition oceurs
freely on seme seeds inowhich ihe mortality of all lieval stages is high but from
which some individuals cmerge as adults, While ib oviposils freely on cerlain
varieties which are fuvoruble Tor wll stages of development it almost refuses 1o
ovipusit on other varivties whicl seem to he equally favorable for larval develop-
ment, ¥ F % Phigindicates that there ave certain sceds which ave favored for
oviposition and eertnin ones which are avoided,  The fact that the weevils eon-
sistently avuid ovipositing un certain varielies of seeds even aftor having hred
Lherein for several generntions indieates that there is no inherifed prediloclion
for thab host.  Coniinued breeding in o hest dues nat appear to inlensify the
preference for thatl host.

There scems to be a predilection for secds having smoath, well-filled
conts. The weevil nlso oviposits rather freely on painted penholders,
fead pencils, varnished handles, nnil doorframes that have been
stained and varnished, but refuses to oviposit on rough or unpolished
wood (fig. 23),
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Figugg W--A pipe and penholder on which eges of Coffosolrachus moecafntes have been Indd,  Nole that
the vork tip of the penliglder hus been avedtled by the weevil,
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That the sense of touch is very highly developed in the adult weavils
is indicated by the fact that broken seeds of all varieties are avoided
almost entirely. Cowpeas or other seeds having seed coats that have
become loosened are always passed over if other seeds are available.
The Holstein cowpea seems to be a direct cross between a black
smooth-skinned cowpea and a white rough-skinned variety. It is
variable in color markings as well as in the texture of the seed coat,
there being all gradations from white with a few black spots to black
with a small white area, and from smooth to quite wrinkled. Some
of these seeds have coats that are partly smooth and partly rough.
On such seeds the choice of the weevil is frequently quite noticeable,
eges being laid on the smooth arens and not on the rough.

Other factors besides smoothness of seed coat seem to govern ovi-
position on seeds. Thus the tepary bean is avoided. Its surface
seems as favorable for oviposition as others selected, but the seed
coat will begin to wrinkle as soon as it is moistened, and Callosobruchus
maculaius scems aware of this, though there is no indication of it in
the dry seed. Larson (49, p. 75) goes on to soy:

If the sense of tpuch is responsible for the selection of sceds for oviposition as
it appears to be, the next question is, where this highly developed sense organ is
loeated. TIs it the antennae or the mouthparts or the feet and legs, or is it the
ovipositor? The writer after studying the oviposition of numerous weevils is
inelined to think that all of these parts of the weevil funection in this respect.
The woevil will walk over some secds without showing any reaction while it will
carefully fecl others with its antennae, its mouthparts and finally extrude its
oviposifor several times before selecting & location for the egg.  On ofher seeds
it will oviposit without giving any apparent eoncern to the loeation. In some
cases the feet and leps appear to determine the desirability or undesirahility of
the seeds.

A vear’s record of the daily oviposition of 345 laying females of
seven generafions was made in connection with the maximum, mean,
and mintmam daily temperatures. The records from these insects
would probably correspond closely to that of insects in warchouses of
corresponding temperatures and indicate that the weevils were influ-
enced more by the minimum temperature than by the mean or maxi-
mum. This was divectly reflected in the rate of oviposition, the total
number of eges lnid, and the length of life of the adult. Table 10
shows parts of this record taken in summer and in winter. It shows
that at the higher temperatures the maximum oviposition period
Iasted only 13 days, whereas at the lower temperatures egg deposition
extended as long as 36 days. The greater number of eggs per day
and per weevil, however, were laid at the higher temperatures.

Results obtained from a secries of 183 females of Callosebruchus
maculatus that began oviposition April 11, 1822, show that they iaid
3,593 eggs, or an average of 19.63, the first day. The total and aver-
ago numbers of eggs laid daily decreased with grenter regularity than
did the number of surviving weevils. Only 5 of the 183 females ovi-
posited 20 days, and only 1 oviposited longer—22 days. These 183
weevils laid 19,119 eges, or an average of 104.48 each. This is con-
siderably above the averages, 73, 70, 75, 82, as given by Paddock and
Reinhard (£8), Brauer (7), Larson and Simmons (53), and others.
This goes to substantiate the findings of Breitenbecher (3), who says
that certain strains produce more progeny than others. He says the
black strain is most prolific. The writers have also noted a great
difference in the number of eggs produced by weevils obtained from
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different stocks or strains under apparently identical conditions, and
have recorded as many as 196 eggs from one female,

The rate of oviposition as well as the fotal number of eggs that
hatched and the time they were laid with reference to the age of the
fernale is shown in table 9, which gives the number of eggs laid duily
by 100 pairs which were divided into four groups of 25 each, three
groups being given different foods and one group fed nothing. The
effects of the food have been discussed clsewhere in this bulletin.

STIMULUS TO OVIPOSITION

The writers have frequently found that the presence of bean or cow-
peas acts as a stimulus to oviposition. When pairs of weevils were
placed in vipls without sceds and others in vials with seeds, mating
occurred in both sets of vials, but in those without beans practically
no eggs were deposited, wherens many were deposited in the vials with
seeds. Weevils that do not have seeds on which to oviposit do not
live s0 long as those with the seeds. Beans and cowpesas in storage
furpish a stimulus to oviposition as do the maturing pods in the field.
Young vines apparently do not furnish this stimulus, as weevils caged
on such vines have invariably died without being observed to eviposit.

In storage, oviposition procceds as readily in the dark as in the light
if the temperatures are equal.  Weevils have been put on similar seeds
in similar vials, some of which were wrapped in cloth or paper and put
inside of & mailing tube so that no light could penetrate to the seeds.
The vials were then put in 2 closed container with an electric light.
Oviposition occurred as frecly on the seeds in the dark as on those in
the light. The same thing has been noted within vials placed in a
photographic darkroom aad those in a light room adjoining it.  This
would be expected from the weevils® habit of ovipositing on beuns in
the interior of sacks or bins where little licht penetrates or in the
darkness of metal containers.

EFFECT OF FOOD ON OVIPOSITION AND LENGTH OF LIFE

Although the writers have been unable to determine that the adult
weevils eat solid food material from any part of the bean plant or seed,
they have demonstrated by experiments that liquid foods have a direct
influence not only on the length of adult life and on the number of
egps luld but also on the rate of oviposition.

Under warehouse conditions weevils cannot obtain food or drink,
but during the growing season those that escape to the field may obtain
liguid food or at least water from the dew. The liquid food observed
consists of nectar from the blossoms and honeydew from the leaves and
bracts and other parts of the plant. Probably most of the sustenance
obtained in the field is only water. Observations indicate that in
southern California, where the relative humidity is very low during
summer, very little if any moisture is obtainable because the weevils
remain ingctive in the morning until after it warms up and the dew is
gone. The writers’ observations indicate that in the bean-growing
districts of California the chances for increased length of life of aduits
in the field as a result of food and drink are minimized by the heat of
the sun and low humidity during the day as well us by the hazards of
capture by predacious insects and spiders,
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FEEDING EXPERIMENTS WITH THE BEAN WEEVIL

Twe series of leeding experiments with leanthoscelides obtectus
were earried on during 1923, The weevils used in the one series began
emerging July 20 and were put by Lwos into glass viels ench conbaining
five red kidney beans, The vinls were 3 inches by % ineh in size
and were provided with cork stoppers.  The st 18 vials were sup-
posed Lo contain pairs.  These were enclosed with seeds the same day
they emerged, hut, as it was prictically tmpossible (o determine the
sexes without injuring the weevils, it was deeided to observe them 1
dany before beginning to feed them.  On July 30 14 pairs had mated
and egas were laid. The eggs were counled, and the weevils were
pliced in new vials and were fed. The other weevils of this series
were taken from the snme souree s the first tot, the last ones having
emerged July 30, and two weevils were placed in each vial with no
elfort {v determine the sexes.  The vials of the entire lot were num-
bered consceutively from 1 to 100, Nos. 1, 5, 9, ete,, were given n
drop of water; nos. 2, 6, 10, cte., were given a drop of honey; nos, 3,
7, 11, ele, were given a drop ol salurated sugar-water solution:
while nos. 4, 8, 12, ete,, were left in the vials with only the dry beans.
The vials were eximined daily, the eggs were removed and counted,
and food and water were replenished as often as was necessary.

Table 7, summarising the feeding experiment, shows that 16, 14,
17, and 13 femmles in the four respoctive groups deposited 1,402,
1,287, 1,056, snd 717 coes, or an average of 87.6, 91.9, 1151, and 55.2
egys Tor each faying lemmle that had had access to water, honey, sugar
water, sl nothing, respectively, The maximum onmber ‘of coes
laid by one weevil was approxinmately twice as great in eaeh of the fed
groups as in the unfed group.  The average length of life was 17.235,
3.3, 66.7, and 16.0 days, while the maximim nunber of davs lived
wits 28, 100, 176, nnd 23, respeetively. The weevils had all developed
to maturity in the same container and after separation were kept in
similar coplainers side by side, so there was no apparent dilference in
temperature or other condition exeept the food and drink that helped
to make the remarkable difference in the number of eggs luid and the
lengtl of life.

Table 7 zlso shows (it eges were luid by individanl weevils during
periods us long as 23, 37, 62, and 17 days, vespectively, from the groups
receiving waler, honey, sugar water, and nothing; but for the same
groups the maximum numbers of days on whicl viable egos were luid
were anly 16, 29, 58, and 13 days, respectively.  The weevils that
received the Tood not only lived Tonger than those that received no
food but they laid more eggs over wmuch greater period of time,  The
weevils having aecess 1o honey Taid vinble egus on mere than twice os
many days as did those without Teod, whereas those receiving sugar
waler Jald viable eggs over o period more than four times as long.

The tima required for energenca of the resultant brood was very
nearly uniform for each feeding group, the first emergenee in each being
noeled on September 1. Although most of the weevils in eaeh lot
emorged in approximately the ssme Jength of time there were indi-
vidual variations, although these were no greater between groups than
between (he individuals 1n one group,  One hundred and Tour weevils
emerged from the water-fed group and regnired a minimum of 39 days
and amaxinium of 77 for development ; 95 enterged from the honey-fed
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group and required a minimuni of 40 days nnd a maximum ol 2; 02
emerged from the sngar-water group and required a minimum of 39
days and o maximum of 56; and 54 from the group fed nothing needed
only 36 days as a minimum nnd 55 as aomaximum.  This variation in
the length of tine required for development of weevils from the same
parents and even in the sume beans scems to be one of nature's pro-
visions for insuring the perpetuation of the specios,

The sernd serics of feeding experiments eurried on during 1923 was
with 100 unmated weevils that emerged from July 31 to August 16.
The unmated weevils were used Lo ascertain whether thoy, like Culloso-
bruchus maculatus (50), would live longer than the mated weevils, how
niany infertile eggs the individual would lay, und the nomiber of days
after emergence during which eggs would he deposited. 1t was
thought that these weevils were isolaled before mating had occurrel,
but seven weevils Iaid viable eggs. The habit of erawling hack into
the beans makes 1§ possible that these severs beetles had mated pre-
viously, hut parthenogenesis is not absolutely exeluded.

Table 8 shows the length of life, the number of egzs laid, the number
of days after emergence during which viable egas were faid, and (he
total oviposilion period of each weevil, with the same foods ws had
been given the mated weevils,
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TaBLe T.—Summary of feeding experiment with 100 supposed-pairs b of Acanthoscelides oblecius when not fed and when fed different foods, #>
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* 'Weevil escaped, not included in tptal or nverage. v Average number of egys and average oviposition periods are based upon number of laying females.




TasLe S—Summary of feeding experiment with unmated individuals of Acanthoscelides oblectus when not fed and when fed on different foods,
the weevils having emerged July 31 to Aug. 16, 1933, Alhambra, Calif.
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Table 8 shows that of the group fed water, 9 beetles Inid 2 total of
100 eggs, some eges heing deposited 20 days after the weevil enmierged.
Three weevils of this group lnid viable cgas, some as long us 16 days
after emergence.  Of the honey-fed group, 12 weevils Inid 405 eggs
over o pertod of 35 days; only 1 luid viable eggs,  Eleven of those
having sugar water Iaid 435 eggs over n period of 40 days; 2 1aid viable
eges for 19 and 26 days, respeetively.  Of those receiving no food, 9
laid 208 egus over o period of 22 davs; 1 faid viable exgs for 15 days.
In the first, third, and fourth groups the weevil that laid the most cues
in cach group laid fertile egus. In these enses il is believed that
maling stimulated cgg production. Frequently in other experi-
ments a femnle apparently through Iayving would produce additional
cegs after anothor nnting,  For an Insect that mates frequently, as
this one does, 26 days is a long thne to produce viable eops alter
mating, This is inpertant in connection with field infestations where
relgtively fow mseets have dispersed, ninking 16 difficult if not impos-
sible for them to mate again afler lpaving the eoriginal source of infes-
tation.

From tables 7 and § 1% will be seen that weevils recelving 1o food,
those which were kept most, nearly as they live in the warchouse,
lived the shortest Ume and produced the smallest number of cges.
Those hoving aceess Lo waler fived a little longer, while those having
honey and sugar water cuch m tum fived longer still and produced
more eggs. This would indieate (hab there may be quite a difference
in both the length of life and the number of erws Inid by the weevils
in storage and those in the field. This weevll lives and reproduces
norpelly i warehouses without aceess to food or drink, bug snitable
liquid Tood profongs the fife of both sexes.  Weevils without food or
drink luy more ezgs a6 the heginming of their ovipesition period,
whereas those having aceess to food or drink lay fewer eges in the
begimying of the oviposition period and greafer numbers later, con-
tinue to oviposit longer, and Jaxy o greater number of cegs.

FEEDING EXPERIMENTS WITH THE SOUTHERN COWPEA WEEVIL

In a series of carefully conducted experiments the writers {50)
showed that weevils of Cullusobruchus maculotus i their normal sur-
roundings i the warehouse Hve n shorter time withous food than
when they have screess to water, sweelened or unsweetenad,  The
differenve in the average length of life of the weevils receiving no
foml and those veceiving waler vanged fron less than 3 davs with the
lone males to 11 days with the Tone foraales.  Access to water fength-
evied the Hves of the puirs about 30 days,  Sugar weter lengthened
their Tives from 13 to 27 days as averaged Tor dilferent groups of wee-
vils.  Access (o water inereased the average number of eges laid by
about 30 pereent, and aceess {o sugar water inereased the number of
egies about H0 pereent.  Plain water or sweetened water redueed the
nugthor of eggs aid during the first fow dayvs of oviposition, but
lengthened the time over which eges were laid. Viable eggs were
Iatd over twice as great a period of time by weevils recelving sugar
waler as by those without food.  These weevils do not consume solid
foud of any kind,

Table 4 gives a summary of the effecls of feeding honey and sugar
water and ol supplying water on the oviposition and vigbiity of the
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eggs of Callosobruchus meculatus, compared with date from weevils
that were kept without food or drink.

Tapue Q.—NSwmmary of the oviposttion of 100 pairs of Cultosobrichus wmeenlaties
when not fed and when Jod different foods, and the namber of s that halched,
there being 25 femeles in cach growp, Mhmbra, Calif., 1923
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EFFECT OF TEMPERATURE AND HUMIDITY ON THE
LIFE CYCLE

The length of the life exvele of both weevils varies with temperature,
humidity, nnd the sead inwhich they are developing,  Repested experi-
ments by the writers also showed that muoeh more time was reguired
for development at any temperature if the weevils were confined in an
airtight container steh as o gliss vint having n parallined cork stopper,
In Alhambra, during the summer, Callosobruchus maculains will
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produre o new generation in from 27 (o 42 days. Eggs loid the same
day by one weevil do not develop at the seme rate. The difference in
mabe of development is greatest during cool wenther. €. maculatus
hegan emerging in December from eggs laid in September (53) while
full-grown larvae from the same lot of eggs were dissected from the
Mack eye cowpens the next June. A comparable development in
the case of Acanthoserlides obtectus is shown in figure 24,

Breitenbecher (17)hasshown that Callosobruchus maculatus vesponds
very readily to o modified environment.  1e found that at o constant
temperature of 100° F. the entire life cycle may be passed in 19 days
and at 90° m 20 days.  He further found that certain chemicals when
placed in the breeding chamber had o marked effect on the develop-
ment of the weevils, Thus dilute sulphuric acid hastened develop-
ment by furnishing an optimum humidity in the breeding chamber.
When g sulphurie aeid-and-water solution just concentrated enough
to turn litmus was used, the developmental period from egg to adult
was reduced to 14 davs.  This was the minimuin period observed by
him. dilute solution of
sodium hydroxide had the
olfect of prolonging the
developmental period to 36
¢dlays, wlille 4 more concen-
trated solution prolonged
the peritod to 42 days.
Exposing the weevils to the
fumes of alcohol resuited
in their death,

Seeds in which develop-
ment hy  Callosobruchus
maculatus is slow also pro-
duce smaller adult weevils
than thoseinwhichdevelop-
nent is more rapid under
1-‘:(;;3:{:)2-!{. ;['hr;;-.]su;sﬂs {a‘t:?r'z'r ]ur\;:k. .riwu‘ pupsie, nnd {.:\]:Ip stnmilar conditions of .t(}"l_

T Doty Lt sarme dug. e wevealed Tui e T perature  and - bumidity.

Larvae within  seeds in

tightly corked vials without a proper supply of air become under-
sized adults alter an extended period of development.

Larson and Simmons (53) report the emergence of weevils of this
same species 217 and 212 days alter the eggs had been lnid on Sep-
tember 27 and 28, 1910, respectively. That this may not be the
extreme duration of the life evele was shown when they dissected from
the beans living adults of both sexes 223 and 224 days alter the eggs
hiad been laid on Sepiember 24 and 25, A living pupa was dissected
oul 226 davs after the egg was laid on September 24, and a living,
lully grown larva was disseclal out 235 days after the egg had been
laid Sepiember 26, The eggs from which these weevils developed
were Jald nt the beginning of a cold, stormy period, and were kept in
individunl eontuiners.

When developing in lima beans the time required by dAcanthoscelides
obfectus 1s longer than is required in gardew beans or cowpeas.  The
complete lile evele may bae passed in 30 days or less in California or
may require several months.  Table 3 records one instance when the
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incubation period of the egg was only 3 days and from hatching to
emergence 22 days, a deveTopment.nE period of 25 days in August.
The same table shows an incubation period of 27 days and a develop-
mental period of 140 duys. In the summer it usually requires 33 to
45 days. Chittenden (15) reported a complete life eycle pussed in 21
days. Larvae within seeds in tightly corked vials without o proper
supply of air become undersized adults after an extended period of
development,

Lipman {60}, referring to Acanthoscelides oblecius, savs that a
decrease in nimospheric moisture Jengthens the life eycle, shortens the
life of the adult, and prevents the young larvae [rom entering the
beans. He also says {67, p. 37) that an atmespheric moisture of 26
percent or less wili prevent reproduction. This is corroborated by
Hendlee (36, 37, 38). The writers find that with Callosebruchus
maculatus o decresse in atmospherie moisture alse lengthens the life
cycle and shortens the life of the adult.  Low humidity is loss injurious
to young larvae of C. maculotus than to those of A, vbiectus bocause
the latter are directly exposed to desiceation while seekine lor o suit-
able place to bore into beans, but the former sre at all tintes protected
by the chorion or the seed.  Alter the larva is well within the seed
the lack of meoistitre is not felt so keenly.

The effect of temperature on Callvsobruchus meculatus, as it is
indicated by the number of eges Inid, and the periad of oviposition, is
given in table 10, which covers these phases of the Inseet’s activity
during suinmer and winter.  In this table it will be seen that the
number of eggs ranged from 0 to 115, More egus were laid during
warm weather than during cold wenther, but the weevil lived a
shorter time.

Brauer (5), who conducted experitents on the length of hife of
adulis of Callosobruchus maculatus at different temperatures, found
that as 15° C. 69° 1.} the average lenglh of e was 26 davs with 30
as the maximum. At 27° C. (80.6° I°)) the swverage was 10 davs; at
34° C. (93.2° 1) the average length of life was 7 days, and all were
dead in 8 doys, At 372 (L {(98.6° 1) and ot 38° C. {100.4° F) the
length of life wns 7 to § days, while at 44° C, (114.2° 17} it was only
1 or 2 days. From the oviposition records e coneludes thut 88.6° Ir.
is their optimum temperature. Breitenbecher (17} found that 100°
is optimum for genetic research.  However, the weiters’ observations
indicate that the weevils live longer and produce more eges i there is
a daily variation in {emperature such as normally oceurs between day
and might,

Tanre 10.—~Summary of ovipnsilion records of 57 femades of Collosobruchns
mavielafus (v sunoner vad I wisder, Athambra, Calif., 1920 23
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That weevils do net live the same length of tme or lay the same
number of eges at different times of the vear has alreacy been pomtcd
out. That such differcences occur with whole broods of weevils is
emphasized by table 11 which gives a summary of seven broods
during 1919 and 1926. TIn these seven broods complete records
were made from 345 Javing females. The {able shows that the
average number of cggs Inid each lnyving day by each female of the
different hroods ranged from 2.79 in winter to 12.23 in stmmer, and
the avernge mumber of laving dayvs per female ranged from 5.07 in
summey to 11.45 in winter,  The average number of eggs per female
ranged from 82 to 82, the maximum laid by one weovil in one day
from 17 to 50, and the greatest totsl number laid by one weevil
from 00 to 132, The smallest averuge nnmber of epos per {emale
per laying day, the smallest avevage numl:m por f(‘m.\io the smiallest
maximum number laid by one weevil in one day, the smullest maxi-
mum number hald by s weovtl of suy brood, ws well ss the grontoest
average nombor of Inving davs were all recorded for the one winter
brood. Althoueh the tthle does not show it, there were also more
nonlaying davs per female in this brood, IIIII\IIW‘ the nverage length
of life greater for this than for any other broad. The pereentage of
the eges that produced adolts vanged Trom 5 with this winter genera-
tion to 35 with a summer genoration.

Tanes V. —Suwunmary of the oviposition of n series of ¥ conseeniive qravrations of
Calloseheschns muentabins, Athambra, (.':hf {01%=20
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NUMBER OF GENERATIONS

Riley (77), in 1882, was the first Lo veport continuous breeding in
stored beams with succpssive generations of Aranthoseddides oblectus.
Lhoste {56, in Franee, has reported four generations a yvear for this
mseet,  Mareuee (f:)}) in ftaly, reports six gener alions as follows:
Adulis emerging about the Iast of April ny eges which produee the
first goneration in about 45 dovs, Toward the end of July adults of
the second genernlion are ovipositing,  The third generation, which
develops very rapidly, is the one that stlicks mature beans still on
thevines. Al the end of Angust the lirst Inrvae of the fourth generation
sy he ohservid, This genemtion dovefopsnore slowly, so late pupac
are present in the mididle of Oelober. The fifth gonmutlun fippears
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from late in November until January, and the sixith ahout the last of
Apnl, The writers find that the generations in Californin correspondd

uite closely to those given above, excepting that there is & variation
:}ue to changes in climatic conditions from year to year. Some vesrs
only five generations occur.

Spealang of Callosobrachus maculatus, Wade (05) and Sanborn (84)
say that it Lins soven generations with the eighth parily developed in
Oklahioma. Wade (95, pp. 7-8) gives the generations as lollows:

May 3, 1915, adults were placed with cowpeas sl allowed (o oviposit,

June 7, adults of first generation emerging,

July 11, adults of second generation clierging.

August 15, adults of Lthird generndion enterginge,

Sepiember 19, adults of Tourth generalion craerging.

Octobier 24, adulls of the fifth generadion cinerging.

January 15, 19098, aduits of sixth generadion cowrging.

Mareh 16, aduits of seventh generation enwerging,

May 25, adults of cighth generation cuterging.

In California the wrilers have observed six poncrations of Calfoxa-
bruchus mocwlntus in some years and seven in others, Bix generalions
were ebserved during n year (1919 20) as Tollows fram vggs dopusited
June 7:

July 7, aduls of the first generation ovipositing.

August 11, adults of the second generalion ovipositing,

Seplember 18, winlts of the thind generation ovipositing,

Decomber 21, adults of the fourth generstion ovipositing.

May 18, adulis of the fifth generation mvipositing,

July 6, adulls of Uhe sixth gencralion ovipositing,

The emergence of a brood of weevils of Aeawihosedides oblectus or
Callosobruchus maculatus, 2l the progeny produced by one peie or by
one generation, varies so much in time that the earliest emorging
individuals may produee another generation some of which will emeree
beforo the more slowly developing individuals of the first have eome
out. This variation in vate of development under quite similar con-
dittons seems to help assure the propagation of the species.  1f all
emerged together they would be less likely to find food for the next
generation than if their emergence exrended over several weeks.  This
gives the species an advantage when the eavly-cmorging weevils are
not able Lo find seeds suitable for oviposition.

SEASONAL ABUNDANCE

There is o decided seasonal variation i the number of weevils found
in any nfested locality. In warehouses (he adult weevils imake their
appearance during and imanediately following the first prolongoed warn
weather lute in the winter or early in the spring, [ not cheeked they
become abundant in June or early in the snmmer and eontinue so s
long as breeding is not Jimited by lack ol food. Seasonal abundance is
determined in part by elimate and in part by the ameunt of foud ayvail-
able for the larvae,

Tschermak (92) reported that n snmll number ol cleawthoseddides
obtectus were noted in Vienna in 1818, There were more in 1919, and
there was a serious infestation in 1920, Popenoe (69) reported that
this weevil seemed to be loeal in ils attacks, These observations very
well deseribe the seusomal abundanee of this weevil, [t bevomes
established in one locality and spreads therelrom, becoming a greater
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pest cach year unless séeps are taken to prevent its development and
spread. Ifor this reason the production of its favorite host erop has
been discontinued over grent areas.

SPREAD OF INFESTATIONS

The influence of seasonal variation in femperatitre and humidity on
the length of the life cycle is of minor importance as compared to its
effect on the dispersal of the adults, the rate of oviposition, the via-
bility of the eggs, and the mortality of the weevils in all stages. A
temperature sufficiently low to retard development of the weevils
within theseeds is also low enough to prevent the flight of adults or to
restrict i to a short time during the warmest part of the day, Such
low tempersiiire cnuses ihie weevils to Iny very few eggs, muny of
which fail to hateh, and produces o high mortality in every stage.
Larson and Simmons (44) showed that adults of Acanthoscelides
obtectus that emerged after long periods of cold storage failed to pro-
duce eggs.  Also in this connection, the observations of Marcucdd (64)
that many sdults and larvae of A. eblectus dic owing to low tempera-
ture, and only & Tew of the first-emerging adults Iny eggs, many of
which do not hateh, correspond to those of the writers,

SOURCES OF INFESTATION

The conditions found in Mereed County in 1826 show very well
Low the beans hecome infested in the fields. Practically worthless
lots of beans in storage on the farms were primary sources of infesta-
tion from which weevils flew to nearby bean ficlds. That year many
of the eurly beans dropped, leaving o very light crop which ripened
some 2 weeks earlier than usual,  Just then a second crop set on the
same vines, and the enrly beans were left until the Inter erop was
harvested, leaving ample time for one generation of weevils to develop
in them and infest the late-set crop. Unused early snap besns were
also Jefi to ripen on the vines (fig. 25). These carly-maturing beans,
infested from the primary sources, became important sccondary
sources of infestation so as to render it difficuld to locate the primary
sources. As n rosult of the neglect of these almost worthless sources
of early infestation, most of the beans ol o large section in Merced
and Stanislaus Counties beeame weevily in the hicld.

In public warchouses ihe principal sources of infestation are lots
of unfumigated beans thought to be in perfect condition, lots of beans
known to be weevily for which fhiere is no sale, rain-damaged beans,
bean screenings, and spilt beans.  Beans in the cracks of the floor
and in the bean cleaners may also become important sources of
infestation.

On the Tarm the main sources of infestation are left-over sced beans,
or o fow pounds of beans left in the hean planter, and beans that
remain in the bean straw, together with small lots of beans kept or
purchased for home use. Beans left in the threshing nachines seldom
become henvily infested, but they serve as & means by which a few
weevils can earry over [rom one generation to another until they can
find maturing beaus.  The bean- und pes-straw stacks (62) may be-
come nportant conters of infestation, beeause many benns and pess
are Ieft in the straw to serve ns abreeding place fuor weevils, sometimes
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for 2 or 3 years (fig. 26). Infestations occur beenuse the lurmers and
the warehouse men do not realize the importance of small sotirces of
infestation.

Small lots of beans may produce a great number of weevils, One
sueh tob of 419 Improved Golden wax beans, left-over seed, was found
in August of the first year to contuin 4,230 emergence holes, 19 in
1 bean, and only 7 beans were sound, Another such lot loft in a cigar
box in o garage until after harvest time in the fall consisted of about

Frevns 25—~Enrrly sonp beuns Tefl In the garden often sorva ns bresding piaves for weovils which infost
the next crop,

one-third of a 15-cent package of brown Kentucky Wonder (155
beans) and 95 Scarlet Runner beans (Ag. 27). The Kentucky Wonder
beans had 1,546 emergence holes and the Scarfet Runners 2,006
holes, or 3,552 in all, and there were still living weevils contained in
them. Thirty-three weevils hnd emerged from each of three of the
Scarlet Runner beans, Such smull Iots of beans, and sometimes
larger lots, are put away in the spring and lorgotten until weevils
are noticed. A nickel’s worth of beans saved may cause many
dollars worth of dumage to a growing crop.
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Floenk 37-—Left-us or sovd pockots uf e suel 08 frequently beeome infested ity weovils wod consti-
[ute Jmrpoctunt sources of infestatiou fur tho growing croph
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An interesting lot was a samplo that showed 34 weevil holes, several
beans having windows from which the weevils had nobt cmerged,
numercus adult living weevils, and a great number of eggs, at time of
delivery to the warchouse. A visib to the grower of this lot of beans
revealed the following: The grower knew his beans were very weevily,
had grown only 8 acres of beans and those on land on which beans
had never grown before, had no bean straw, snd po other beans were
grown within 2 miles of his place. But when questioned further he
remembered that he hnd o small quentity {ahout 2 pounds) of seced
left after planting. Upon examination of these boans, which had heen
left In a buclet and hung under a shed, they were found to be very
heavily infested. These Tew seeds had served as a breeding place for
one or more generations of weevils which had infested his growing
crop.  Before the writers’ visit this grower had thought that bean
weevils lived either in the ground or on weeds,

Such lots of beans furnish the chief source of infestation {o growing
crops,

RATE AND TIME OF IMSPERSAL OF WEEYILS

A knowledge of the rate and time of the dispersal of weevils from
sources of infestation is important to warchousemen ns well as to bean
growers.  Weevils emerging during eold weather must find beans upon
which to oviposit or else die without reproducing. 1 very few emerge
in winter and many during the ripening season, the fow emerging in
winter can oviposit on the beans from which they emerged, whereas
the many emerging late in the summer ean infest all nearby growing
bean crops,

The writers (57) made an experiment using Red Kidney beans which
they infested with Acanthoscelides obtectus and blackeye cowpeas
which they infested with Cellosobruchus maculatus, to lean the rate
and amount of emoergence of weevils tn storage, the time of their dis-
persal in search of now beans, and the duration of infestations on farms
i southern California,

On May 16, 19283, 50 adults of rleanthoscelides obtectus were placed in
an ordinary bean sack containing 87 pounds of choice recleaned Red
Kidney beans.  The bag was placed on a table inside of an insect cage
8 by 6 feet and 6 fees high with o narrow door in one end.  The top
was covered with mushn.,  An 18-inch strip of 18-mesh wire sereen
was placed around the entire upper part of the eage, another 18-inch
strip around the entire Jower part, and a 38-inch strip of muslin placed
around the middle of the cage, allowing an Inch to Inp over the upper
and lower wire strips, completed the covering.  The sereen wire nnd
cloth were fustened securely with cleats ot the edges.  The door was
covered with screen wire. This eage was intended to furnish condi-
tions similar to those in many outbuildings and sheds in which loft-
over bags of beans are stored in Californin, The outdoor temperature
was recorded in o sereened Insectary adjoining the cage on the south
side. During the summer a picce of composition wallbosrd was laid
over the sack, but later & window sash with glass was put over it to
keep off the rain.

On July 13, 1923, 25 paits of Cullosobruchus maculatus were placed
in another bean sack containing 69 pounds ol choice recleaned black-
eye cowpens.  This bag was placed on the same table in the cage with
the bag of Red Kidney beuns.
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Throughout the experiment the weevils were counted ns they were
caught and were recorded daily Tor the most part.  The date of cap-
ture indicates the time of dispersal from the sacks, not the netual date
of emergence.

REesrnrs oF IXFerIMEST Wit i Brax WEevIn

On July 13, 1923, the first insects of brood 1 of Jeanthoscelides
obtectus, 42 weovils, were caught in the cnge.  Practically 2 months of
summer weather had elapsed between the introduction of the weevils
and the appearance of the first hrood in the eage, fully 2 weeks longer
than a normal romplete evele beginning late in May. Of the 402
adults recorded from this brood, 179 wore caught during the 5-day
period July 13 &0 17, During the next suc cr_‘mlmtf Sty periods 119,
83, and 18 were eaught, | was caught on August 2 and T on August 9.

The smnll number of weevils recorded in this brood and the time
required for their develepment were surprising when compared with
the usuul results [rom the study of pairs in vials,  The difference in
time and number ol progeny seems due to the Mfaet that the beans used
were old and very dry.  As Lipman (60} and Headlee {(37) have
shown, the firat-stage larvae find difliculty in surviving in very drey
beans and their developmental period is lengthened therein.  Later
hroods profited by moisture absorbed in the beans, which softened
them and hastened the development of the weevils.  Just why mois-
ture 1s absorbed by ruchid-inlested seeds is not understood unless it
may be that penctration of the seed coats permits the cotyledons to
absorh moisture.  Possibly some substance introduced into the seeds
by the larvae stimulates this absorplion, or it may be due to the small
amount of water produced by the metabolism of the larva.

The adults may have remained within the hag several days before
making their way out into the cage. Probably many of the first
broed remained in the bag, for until the beans were heavily infested
they furnished o suitable breeding piace, and the weevils did not need
to search Tor other seeds.

The second brood was first noted about the cage on August 14, §
weevils being recorded; 14 and 20 were recorded during the next 2
days, vespectively, Dmmrr the next threo S~day periods ‘the numbers
caught were 247, 116, and 1,‘282, respectively.  Later periods showed
a decided deerease in the number of weevils {found, wmtil only 26
weevils were eaught from September 13 to Q(-ptmnlwl 20 and only 135
during the vext 4 days,  This brood required ouly 1 month for the
dv\'clupmonl‘. al the first adults; 3,501 adults were recorded from this
brood.

Apparently the third brood ol Acanthoseelides obtectus began its
Mgl on September 235, ahout 6 weeks luter than the seeond bmod
and 13 aduits were recorded.  On suceeeding d-day periods 797, 4,274,

723, 4,242, 2,058, 1,264, 5,10, nud 247 weevils were ree orded.” At
the time the Mght of "this brood was a6 ils peak a cold, stormy period
occnrred followed by warmer weather. This is f.lir('c-tly reflected by
the cateh of weevils.  Othier periods of low temperature were reflected
by the cateh of weevils during the Intter part of October and twice
in December,

The fourth brood began its flight on Nevember 5, or § weeks later
than the third, ‘Fhe (light of this brood, like that of the third, shows
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a direct relationship hetween the prevailing (ewperature and the
number of weevils eaught.

Overlapping- gencerations prevented a complete break in the cateh
of insects both al the beginning and at the latter end of this and later
brood flights. The emergence of later broods is closely corvelated
with the temperaiure, but beeause of the grent number of weevils
developing within the beans and the heat thus generaied, the fourth
brood wus able to a great extent to overcome the unfavornble low
temperature prevailing outside of the bag. Larson and Simmons
(64) showed that weevils of Callosobruchus muculatus in o bag were
capable of raising the temperature in the bag 35° ¥, above the sor-
rounding temperature.  The flight of the adults, however, was more
directly ('oz're#a.l-ed with the outside temperature, the weevils leaving
the bag only during the warm part of the day, and the greatest num-
bers leaving during the warmest days.  During 5-day periods hegin-
ning November 8, the following numbers of adults were captured:
947, 1,708, 3,442, 8,390, 5,361, 5,284, 1,493, 1,014, 4,179, und 575,
making o total of 32,393 for the brood,

The fifth brood apparenty required about 40 days for development,
as the flight began about Deeember 27, Owing to the smaller nuin-
ber of weevils developing they and the next brood were unable to keep
an oplimum temperature within the bag and were therefore returded
in_their development 1o such an extent that it is impessible to deter-
mine when this brood ended and another begun.  The scareity of
suilable Tood caused the brood to die out complotely, amd the last
weevil of probably the seventh brood was eaught an Julv 5, 1024,
Although thie begns were ohserved during the rest of the summer no
more living weevils were Tound,

A total of 68,819 weevils were eaught and recorded,  AMany were
captured on the gutside of the eage alter they had gone through the
t6-mesh screen wire.  While the weevils were emerging in suelt great
numbers it was Impossible to deterniine the exact ratio of males and
femules, but the impression was that a great majority of those eaught
about the enge were females. Apparently the males remained among
the beans in the bag, and the females, after mating, flew out in search
of other beans,

At the end of the experiment 1,460 ce of dead weevils and 141,
otmcees of [rass were sifted from the beans In {he bag and the orignal
87 poxmds of beans had been veduced Lo 86 pounds, the loss in weight
being 21 pounds, or 24.1 percent.  The loss in weight due to the
weevil infestation, however, will be shown to be even greater than that
because many emerged weevils erawled back into the emereence holes
and died, and others died within the beans in various stages. Their
combined weights would materially reduce the remaining 66 pounds.

A fair estimate, based on counts of emergence holes, and weevils
that had returned to the holes, checked by the numbers sctually
recovered in flight, would show that about 250,000 weevils had
matured from the original infestation of 50.

A newly harvested Red Kidney bhean will supply food for 10 to 20
or more weevils within the bean at one time, but when successive
generations are forced to develop in the sime beans many of the
young larvae hore into the holes previously occupicd and die for lnel
of food. Conscquently fewor woovils are able to breed in the same
bean if the larvae enter at different times.
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Although the weevils breeding in the beans were ublo Lo keep the
temperature in the bag much above that of the surrounding atmos-
phere, dispersnl was direetiy correlated with the outside temperature.
Emergence may have been checked a littie by low temperature, but
the flight of the insects away from the bag of beans oceurred only
during the warm part of the day and was much meore pronounced
during the later duys of o warm spell than during the curly purt of the
same worm period.  Toward evening the weevils in the cage would
seck shelter about the sack.  On cold days practically no weevils Jeft
the sack.

Resvurs of FMxesrotest Wees i Rovrneaxy Cowera Wesvi,

Daily examination indicated that the originel 25 pairs of weevils of
Callosobruchus meculatus put into the cowpeas on July 13, 1923,
showed little inclination to search for a new supply of food in which
to breed. Only five specimens, three males and two [emales, were
found on the walls of the enge. The last living adulb of the original
25 pairs was noted on July 27,

Adults of the first brood were noted (irst on August 9, when one
weevil was Tound on the wall of the cage. The peak of emergence of
this brood occurred belween August 20 and 25. During this time
approximately 1,600 weevils were eaught in the eage. Practically all
of the weevils of this brood remained Inside of the cage beenuse the
majority of them were (oo Iarge to go through the interstices of the
16amesh sereen.  Apparently a large part of the {females of the first
brood luid egas hefore leaving the infested bag of seeds in searvch of
new maforinl.

The daily cateh of weeviis beeame smaller nnd smaller until, on
September 5, only 15 were tuken,  After that dnte the numbers again
hegan to inerease, indieating that o second brood was emerging.
The flight peak of the second brood was reached between September
18 and October 2. During this period 54,138 weevils were recorded;
1,528, heing smudl enough to go through the sereen wire, wers caught
on the outside of the eage. Kaes distributed on ripening pods in the
garden nearby ndiented that a targe number of weevils had escaped.

The third brood of weevils appeared to reach its mashinum during
the Itter part of October. The weevils of this brood were noticeably
smaller than those of the carlier broods, consequently n larger per-
centage of them eseaped through the sereen wire of the cage.

After the thivd brood there was such an overlapping of broods that
i was impossible to say to what brood the emerging weevils belonged,
but emergence continued all winter, the Inst weevil being caught on
Mareh 14, 1924, The 69 pounds of binckeye cowpeas produeed 368,000
adult weovils (fig. 28) which reduced the weight of the cowpens 62
percent.

OPPORTUNITY FOR DISPERSAL

The length of life of the adult weevils alter emergence varies con-
siderably.  This varintion is correlated principatly with temperature
and humidity (p. 49), bul under similar conditions some weevils live
much longer than others,  Manter (65) says adults ol sAeanthoscelides
obtectus live 10 to 12 days. Marcueel (64) says they live 10 days in
hot months, 20 days in couler months, and may live 2 or 3 months
during the winter. " Without liquid food, the writers have never found
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them living longer than 81 days, but with food one weevil lived 141
days and another 176 days. _

The length of life of the adult Cullosobruchus maculuius alter emer-
gence is given by various authors us from 5 to 19 duys, The writers
have found that under different climatic conditions it lves from 1 to
50 days without food and as much a8 88 days with food.

Beeanse of the danger of injury to maturing bean erops the writers
have thought it unwise (o Hiberate marked weevils in the ficld in order
to try to determine their length of life or the distanes they would fiy.
Opportunitics have ocenrred, however, for making observations along
theselines.  About the 1st of August 1924, while bean fields in Chino,
Calif,, wore being inspeeted (52), 2 heavy infestation of Acanthoseelides
obtectus was found W the early-planted part of an isolated bean field

Fror E 250 A BEpoued b of Blaekeye con jreas that ~tported an infesbition thab incrensed frem 5w
Al weesils Detwoess July simd Hie following March.

m which beans had been planted on suecessive dates for severanl woeks.
After Inspecting the 16 nearest surrounding favms the only source of
infestation was found to be beans in a pile of bean straw in & barn on
the farm where the beans were growing.  This straw was Ffumiguted
on August 20, At that time weevils were very abundant in the field.
A few minutes’ search would be sufficient to find severnl woevils ovie
positing, excavating holes in wlich 1o oviposit, or nt rest on the bean
plants. Thirteen days Infer, on September 2, long and caveful search
was required before o single weevil was found.  This weevil, which was
preparing an opening in the pod in which 1o oviposit, contained only
four eggs.  Earlier examinations had shown that weevils Preparing to
oviposit contained front 10 Lo 25 or more exes.  Hepeated observations
had shown that only simall numbers of eggs are usually aid toward the
end of the weevil’s Jife,  This scems (v indicate that the one weevil
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found in the field 13 days after the fumigation of the souree of infes-
tution waswell Loward the end of its life.  Underlaboratory conditions
nt that titme of yearweevils sometimes lived 15 to 19 duys.  Since the
weevils hubitually renwin on suituble bean plants, the extreme scurcity
of weevils In the ficld seetns to indiente that most of them had died
in the 13 days after the source of infestation had been removed, and
this conclusion was supporied by the results of inspections of the late
beans when compared with those of the early beans from the same
field (52).

In the laboratory plo6 in Alhambea, several miles from bean liekls,
observations were made ns deseribed inan enrlier paper (48) in an eflori
to determine whether or not weevils liberated at planting time or
carlier would five long enough to infest the growing erop.  Different
plintings of beans, weevily and clean, vohinteer beans, and weevily
beuns left standing all winter fumished n wonderfud opportimity for
the spread of weevils into the new crop, if it were possible for such o
thing to occur in this manner. The weevily beans that had heen
standing all winter were plowed under on April 10, but weevily beans
were planted at intervals as lute us May 25, The growing beans were
carefully watlched for the presence of weevils or weevil injury,  Some
heans were ripe by the nuddle of July, but no weevil work had heen
obscerved, and Inter observations bore out the fact that no weevil
injury had occurrad,

Bean samples were collected at hurvest time for several years.
After these sumples had been examined, inspectons were muade of the
farms that produced weevily beans as well as furmsnear then. 1owas
Tound that scurces of inlesintion such s lots of weevily heans about
the outbuildings, or weevily beans in bean-sieaw staeks had heen kept
until late in the summer within flving distance of the maturing beans.
n no case were the writers able to find that the crop was weevily as &
result ol weevils which'had escaped from a soureg of infestation that had
been elimiunted more than a month hefore the earliest beans were
rendy to harvest.  Frequently it was found that the source of infes-
tation had heen eliminated ahout the time the earliest beans were
ripening.  More often the source remained until the inspeetion after
harvest. This indicates that neither Aeanthoseelides obtectus nor
Calfvsobruchus macwlatus live long in the field. These ngpections
also showed thas most of the infested fields were ess than one-lourth
of a mile from the source of Infestation and that very few were more
than 1 mile from the source of infestation.

CORRELATION OF MARKET CONDITIONS AND INFESTATION

In different Joculities weevil infestation has been much worse in
some years than uring the vears preceding or succeeding, The
writers were the first to note a correlation between poor markel con-
ditions and heavy weevi) infestations. The years 1918 and 1926 are
examples of such years in portions of Culifornia, .

During 1917, inlluenced by war-time conditions, an exceptionully
large acreage of beans was planted, and a good erop was harvested;
but the high prices prevailing and Tavornble shipping conditions led
to the importation of foreign-grown beans sullicient to supply Ameri-
can necls, leaving large quantities of nalive-grown beans unmarketed
to be held over in warchouses and on ranches.  These beans in storage
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in 1918 becume weevily and caused extensive infestution of the crops
growing nearby and of the new beuns coming in.

In 1926 certain bean-growing sections of Californin expericneod
heavy infestations, perhaps the heaviest ever known, direetly cor-
related with preceding market conditions.  During the fall of 1925
the market opened nt 64 cents per pound for blackeye cowpeus, thae
principal evop, and rose to G cents, then Tell mpidly to 4 conts.
At 4 cents there was very little buying,  As a result of this market
condition some fartners having only small lots of beans stored them
at home to avoid warchouse charges and held them over, frequently
Tor & total loss.  When weevils are knewn to occur in a loeality it s
never sale fo hold aver lois of beans without Nunigating them anid
exnimining them often for reinlestations.  In Alereed Countly the
writers made examinations of Lhe 1926 crops as they wore delivered
to the warchouses, and the [rms were visited on which the thore
heavily infested lots were grown. On 15 of those Tarms, widdely
seattered. thironghout the bean-growing section, infested heans in
storge were found in lols mnging lram 56 saeks down to | quari,
representing o tolal of about 178 sacks of 90 pounds each, all henvily
infested with weevils; and these were loented heeanse of the infestn-
Lion fonnd in the new erop. Some of (hese were bifested with ad-
fosobruchus maecvlutus as well as cleanthoseelides obtectus, ns both
species [requently infesh, the same lot of beans,  T'wo lals, containing
25 and 30 sacks, were distribufed unfumigeted to poultrymen, a few
bugs in n place, and so, instead of the original 15 sourees of infestation,
these were now 30 or more.  ach bag could have libernted severnl
hundred thousand weevils,

CONTROL OF THE WEEVILS

There are Lwo distinet problems in the control of the benn weevil
and the southern eowpen weevil, one it the warehouse where no food
for ihe ndulé is available and another in the lield whern thoere is Tood
in ibe form of water and honeydew.

The previous discenssion indicates that control in the field is uccotn-
plished by the elimination on the farms, carly in the growing season,
of all dried beans, cowpens, snd bean straw that serve as hreeding
phices during the summer or erop-growing season,  Infestations in
the beans nndl eowpeas mny be eliminated by proper fumigation of
the seeds, Teeding them to livestoek, or destroying them.  1n the case
ol straw the only practical way to climinate the weevils is by using it
for feed, plowing 1t umder for Tertilizer, or burning it.  This clean-up
of breeding places must be done thoroughly and, efficieutly hy every-
one in n bean-growing community il satisfactory results are to be
obtained, If done in a ¢areless manner without complete coopera-
tion ITrom nll, & few sourees may be neglected, and enough weevils may
escape to infest an entire bean-growing distriet.  Fields near waré-
Bouses ean be protected ouly by the eliminution of infestations from
the stored seeds,

Control in the warehouse depends on eareful and froquent exataina-
tion of all beans stored therein, wilth efficient fumigation when neces-
sury.  The floors und cleaning machinery must be kept frec of beans,
and general sanitary methods must be observed.
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SUMMARY

Acanthoscelides obtectus (Say), the common benn weevil, and Cui-
losobruchus mucnlalus (F.), the southern cowpen weevil, have beeome
widely distributed where beans or cowpens are grown, They hrecd
in many kinds of leguminous seeds, the development from firsi-stage
larvae to adults taking place entively within the seeds.

Weevily beans and cowpeas ave unfit for human lood, and if badly
infested they are unsuitable for planting.  Such seed may be used for
food for eattle, hogs, sheep, and poultry, being worth shout one-
fourth as much as they would be if they were not weevily,  In some
bean-growing districts these weevils have enused sueh hoavy Josses
that the growing of beans has had to be abandoned.

The adults are small active beetles that oviposit in or on nafuring
podsin the field, and on or among dry seeds instornge. Thev live from
afew days to o month or more, depending on the temperature and food
supply.  Although they drink wator :n!{T}iquid Tood from the leaves
and other parts of the plant, this is not necossary for the produetion of
viable eggs. Food and drink inercase the length of [ife snd the number
of eggs Inid.  Acenthascelides obtectus fod sugar waler lived an average
of 66.7 days, whereas those without food Jived an avernge of 16 days,
The maxinum number of days of 1ile was 176 for a fed weevil and 23
for one without food or drink.  Weevils having neecess fo sweetened
water Inid an average of 115 oges; those withont food or water an aver-
nge of 55.2 eges,

Callosobruchus maculoins with aceess to unsweelened water lived
on an average ahout 10 days longer and laid about 30 pereent more
cges than those not fed.  Sugnr water inevensed the longth of life 13
to 27 days for different groups of weevils and increased the mumber of
eggs abous A0 percent. Weevil problems in storsge and in the lield
are quite different, beeause In storage there i8 no possibility of the
weevil obtaining food or drink, butin the field it is able Lo get moisture
from the Jeaves amd food from the honeydew or seeretions about the
growing plants.  In winter cAeanthoseelides obfeetns mny live 49 days
and C. maenlotus us Jong a3 38 davs,  The fomales usually five g day
or so longer than the males.  The preoviposition period is from 1 day
in summer to 26 or more days I winter for 2 obleefus mmdd from less
than an hour to 10 days for O, macalatus,  Phese weevils nliain their
wide distribution by commeree and their local dispersal by flight.

In the ficld Acanthoscelides obteetus fnds or nudkes o suitable open-
ing in the pod and serts it ovipositor and lays its eges, several in a
chuster.  Callosobruchus mucrulatus Inys its eaes singly on (he oufside
of the pod or on exposed seeds. When laid tlioy gre snrronnded with
# cementing fluid which, when drv, fastens them firmly in place,
Overripe bean pods which split open along the sntures form ideal places
for oviposition. Il such openings are not available the femuale A.
obtectus uses its mouth puris to gouge out an opening Hrough which it
oviposits. The eges are safely hidden from view mside of the pod.
In stored henns A, oblecius lays is egus i elustors foosely wmong the
beans or under the partly loosened seed cont of some of the beans,
wherens (' maeculetus fasfens its egus securely to the seeds. As many
15 209 eges have heonrecorded from one female L. obtectus and pomaxi-
num of 196 eggs from one lemale O maeculelus. The oviposition
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period for 21, ebleetns ranges Trom o minimunt of 5 days in suramer
to nonaxinim of 39 davsin wintoer,

Tnowarny weather the eges hatehrin Trom 3 to B days. A longer time
is requeired mocool or cold weather. The writers have recorded ineu-
bation periods ranging from 3 davs in August fo 27 days in Decenber
and Januuery.

The first-mstar lnmen s provided with a prothoracie plate which aids
o in making its entranee into the seed. The young larvn of cleanthio-
seelides obteetns, among stored hrans, hraces paainst an adjneent bean
or the wall of the container while 3t bores o anoiher bean. ‘I'he
voung larva of Cullosobruchus maenfutus uses the upper part of the
cgushicll 1o hrave ngainst while it hores through the ped and inta the
seed o direetly into the seed. When within the hean the walls of 1he
larval burrow suppoet the Jarva ol either species while it gnaws, the
larva making o larzer coll as i grows,

Four larval skins are molted Belween the egg and the pupal stages.
The adult, belore emerging, ents a groove in the seed cont around {he
edee of the cell and pushes the seed cont eut.

The writers have lound six gonervations of Aeanthoscelides vhiectus Lo
he the rule in Californin, with oceasionully only five.  Calfosobruchus
muewlat s hns §1x generntions and somelimes soven in Calilomia,

IT not clieeked by control meastures the weevils become abundant in
dJune, and (the laree populations eomtinue during warn weather ns long
as thers 15 o suflivient food supply.

In a bag eontaining 87 pounds of red kidney hons the writers
placed 50 adults of Lleanthosedlides obtcetus on Nay 16,1923, By July
5 of the next year they Tnul Tnereased to about 250,000, I a parallel
experiment a0 adulis of Callosobruetus paculatns multiplied 1o 368,000
i u G68-pound saek of cowpess hetween July and the following Nareh,

Field infestations result ordinarily from weevils from infestml stored
Beans rather than from planted weevily boans. Often serious field
infestations result from small fefl-oy or lots of seed. Woevils berated
nt planting time search for stored seeds, and in these they produce
generations that in tuen infest the maturing crop.

It has been noted that heavy infestations frequently follow o vear
with a surplus of heans or cowpeas held over beeause of poor market
conditions,

Control in the field is accomplished by eliminating all lots of heans
or cowpeas hield over after planting time, and by burning the old vines
or feeding (hein to Jivestoek or turning thenu under; in the warchouse,
by fumigntion and by keeping the premises elenn.
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