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INTRODUCTION 

AftC'l" the eotton boll weevil had spread over the northeastern part 
of thp Cotton Belt, it became necessary to study its Iifehistory and 
con trot in this territory, since it was well known that this species 

l .4'.tnlhrmomu., urcnuu.y ·Boh.. order Ctlh!Optcrn, rl'lllily (l urcu1it'lnicilll'" 
l '['he greuter pnrt uf thIS bullel In I~ hllsod Oil three yenrs of work at Florurwo. S. 0., in coopcrntion with 

lhe Pee· Doe ~:'[lerimcnL Su\)stntlou. 11 iJrunch of the Sou!.h ('urolinn A~rieulturnl Experiment Stution. 
The writors wish to c.<tend their thnnks lO B, R. ('olld. in dlUrge of ('o!.llln Juseet .lnvestigll[ions, ['nited
Stutes [lure,1U ()r~;nlo",ol()gr, '1'l1l1ulllh, f,u., for suggestions lind III (I In furllluillting pillns ()f Lhe proiect; 
to H. W. lIurre. ([[roctnr of the ~outh ('lIroll"" Agril'ulLuml r~xPllrlllIent l:l\.lItl\ln, wh" extended cver~' 
fl1cility for tho Imesl.igllllon; and to O. M. Amlstrong, In ehurgo o( the division of boil·wee,·i1 coutrol. 
State IIgrl('ulturlll eXp~lI'llUr,lIt stntiou, for his helll aud coopemtlon. 

3ao9S0-!!U-! 1 
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is greatly in1luenced by difrerent climatic, soil, cultural, and other 
environmental conditions. Its life cycle had been pre~iously st,udied 
at Victolia, Tex., TaUulah, Mansura, and Delta, La., and Madison, 
Fla.) by members of the staff of the Bureau of En"Jmology. Studies 
ht\d also been made at various times by agricultural e:o.])eriment 
stations and other interested agencies in practically all Cotton-Belt 
RttLtes. . 

In 1923 the United States Bureau of Entomology and the South 
('ru'olina Agricultural Experiment Station began a cooperative in
vestigation ('oneerning the biology, ecology, and control of this 
important insect pest. The project was located at the Pee Dec 
Exprrirl1ent SbLijon~ Florenee. S. C. During 1923 work was done 
chil'fly on testing' out variollS insecticides and methods for the control 
of the we('yil. In 1924 extensive studies on the biology and ecology 
of this inst'et wore begun, which were continued for three years. 
This bulletin is a report of these investigations. The lllain purpose 
of the projo('t wus to determine the following points in boll-weevil 
biology /lod eontrol: Hibel'llation; the life cycle; the Dumber, relative 
importauee, and time of ,,\Qpearance of the different generations; the 
eff('ct on sumlJl~u' IDultiplic!ltion of agencies of natural ~ontrol, such 
as [.Hll'Hsil;('S, predtttors, heM, and proliferatioD; the n..igration or 
dispersal oC fhe adults in the summer; and the comparative suscepti
bility or dilfel'ent varieties of upland cotton to weevil damage. 

THE PEE DEE DISTRICT OF SOUTH CAROLINA 

')'hl:' Pce Dee rlistrict of South Carolina may be said to be that area 
of land drltincd by the Pee Dee River and its tributaries, lying within 
that purt of the State known as the coastal plain. It is roughly rec
t/ln~ular in shape, 80 fillIes long and 60 miles wide (its longest sides 
ftH'ing l)ortheast Rnd southwest), extending from a line between 
('bpl'!l wand Camden to within 3001' 40 miles of the coast. 

FJorenee is loeated in wbat is known as the middle-upper coastal 
plain. The soils of this section are described as" mainly grayish sandy 
lonms with ydlow, friable sandy day subsoils."3 

The Pee Der. distriet is charactelized by a l('vel, comparatively flat 
topography, illterrupted by a rather hilly and rolling country in its 
Uppl'J' pllf·t and by low swampy arellS along the watercourses, especially 
to the eust l1.nd south. 

RAINFALL 

Climate inOuences to a eontiiderable extent the seasonal cycle of 
the coU,on boll weevil, both directly through its effeet upon the insect 
its('lf lWei inclil'oetly through its efl'ect upon tho development tind 
fruiting of the ("otton plant. Because of this fact, and also for the 
f<ak(>. of bettcr comparison of the wee-lii biology at Flc,;ence, S. C., 
with that worked out fnr other portions of the Cotton Belt, jt was 
dt'NIl('d dc~imble to roeol'd the temperatures and rainfall during 
t~t' period tbat the study was in progress, to {'nmpare thef<e records 
wlth the normal, Hl1cl also to show the extrCllleG of tCJl1Pcratmc that 
hi1\'e oC'currrcl in the past in this region. ~ 

'l'ITI'>lt, n. ( .. nnd 11 ,Urtln , n. fi:. COTTOI/. U. S. Dept. Agr., OIl..~'urnl MnngL., At1ufl of AmeriC'dn 
A\lricult\lr~, Ill. ;" sect. A, 2s p., illus. lUlo. 
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The normal climograph for Florence, based on United States 
Weather Bureau records for 35 years (1892 to 1926, inclusive), shows 
that the l'ainfall is heaviest dUl'ing the months of June, July, and 
August. (Fig. 1.) The total average precipitation during these 
three months is more than one-third of the yearly total. 

.c.- __ " .,~ 

aO~~~-4---4---Ar.~~~_~~~~.~y~~~-_-_r_--_-T---T---r---r---r--~ 

~ -- --- ---- -.Y -~5 ___ ~OSl 
70~-+--~--~,,'~---r--+-:~=~..~_=._+-_·~_==~--~--=~~--~

I~ __ 
rro- -~,or- -

60r--'~-1__~--~---t---t~-t---T---T---r---r--~--~--'~
';.--;{--~ 

sOr--'r--1~,,~-~~,~~i-,~,-t---t---T---T---r---r--~--~--~ 

I ;:'T' 

40r-~r--1---1--~·---t---t---t---T---T---r---r--~--~--~ 

A 

d ~-- -- - 6. 7-
P:'"I •~~I 

I . ~y 
""7,I( - V. 

I , .~ 

J~ 

... ~- (~
. " ~- I- -_ -
'); ;.-..-~ 	 -- r-" . 	 I'I 

B 

.'("'- --- --- - •.=J... 
,P. ~ 

70 
• --.' )/ ~ -.,.:' 

. ,

~<, , I' 
..... )( M '1'"60 I 

--.IaM...." ,,~, 	 --/.924i 	 .~,00 	 - " ""f.~P-i-- 
~ 

40 ! , 	 . 
l_c 

o 	 / a ~ 4 S 6 7 ~ 9 m ~ _ N N 
.et"'/;¥rA'~L. /H /NC#L"~ 

T"WUItE I.-A, diUlUgrtl!lh for Florenec, S. C'., 1924; n, climogrnph for Florence, S.C'., 1025; C, 
ciirno{:rnph for Florell!:c, S. G., 1026. Normnl conultlons, bnseu on Uniteu States "'entber 
:Uuril!IU records for a~ YIlllrs, nr3 represented by solid Jilles, nnd conditions of IU24,lD25, nnd 1926 
by brokon lines. Nnmbers III Ule b'l'uphs represent months of the yeur 

In ] 924 therc \Va!; A. total precipitation of 56.2 inches, as compared 
with the normA.l 01'45.51 inches. Months during which l'ainfall 
was considerably above nmmal were January, 1Iay, September, 
and Dec-cmbcr. (Fig. 1, A.) DUJ'iuO" September 13.72 inches fell, 
which. wus 9.63 inches above normal. There was a total precipi
tation of 36.38 inc~hes in 1925, which was considerably below normal. 
Sin . .:e 10.42 inches of .I'llin fell during Janllarv of this year) which 
was 7.62 inches above normal, it cun be seen "that the precipitation 

http:01'45.51
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during the other months was much belownOInlal. (Fig.1,B.) Months 
during which rainfall was markedly below normal were February to 
May, and July to Octob.er, inclusive. In 1926 there was a total pre
cipitation of 36.91 inches, which was about the same as for 1925, and 
therefore much below normaL Months during which rainfall was 
considerably below normal were May and July to October, inclusive. 
(Fig. I, C.) Table 1 shows the departures from normal rainfall for 
the peri(,d of this study. 

'L\BLE 1.-1lfonthly rainfall dep(lrtures .from normal, Florence, 8. C., November, 
1923, to DIJcember, 1926 

g--)-'en-r_-_·~_rJ~~]_~;_O~_'-_~_~_~_.T_:_pr_. _~_IU_Y _J_u_ne__ __A_U__. _s_ep_t_.i_o _t _ _ ..J_U_IY _c . N_O_V_. _D_ec_ 

Inches Inches IlIch"" iInches Inches Inches Inch.. Inch•• Inches Inches I1Iches Inches 
192:L............ ""'" ..........__.+...... _, ____. ___________________ ...._.__.___.... -0.96 -0.50 

1024•••••• _...... +1.02 -O.SO +0.3.; 1+0.79 +3.91 -1.20 -0.71 -1.95 +9.63 -1.711 -0.94 +2.41 
]92.'i............ +7.112 -2.39 -t.96 -1.15 -1.01 +0.10 -3.67 -3.6S -1.93 -1.75 +1.12 +0.04 
]926-. .......... +2.47 -0.68 -0.36 \+0.92 -2.79 +0.93 -2.69 -3.321-1.54 -2.56 +1.65 -0.43 

TEMPERATURE 

Chill ts of the average mean temperatures for Florence, based on 
32 years' records as compiled by Richard H. Sullivan, in charge of the 
'Lnited States Weather Bureau Station fl~, Columbia, S. C., show that 
the peak in the curve is reached in July. The climate of this district 
is comparatively uniform, abrupt temperature changes being rare. 
The maximum temperature record for the years from 1895 to 1926, 
inclusive, was 108° F. at Florence 4 on September 4, 1925, and the 
minimum for the same period was _9° at Cheraw on February 14, 
1899. A minimum of -1° has been recorded at Florence, S. C. The 
average range between ma}..-imum and :minimum temperatures at 
1i'\Ol'ence during the growing season is 23.47°. The growing.season 
(frce from killing frost) for the entire Pee Dee district averages some
what more than 21G days, while at Florence the average is 233 days. 

In 1924 the mean temperatures were considerably above normal 
jn June, August, November, and December, and notably below nor
mal in March, :May, and September. (Fig. 1, A.) l\1ean tempera
tures jn 1925 5 were above normal in all months except January, }.Ilay, 
anel November. (Fig. 1, B.) During 1926 6 the mean t.emperatures 
were considerably above normal in December, February, and l\1ay to 
Oetober, inelusive. (Fig. 1, C.) Table 2 shows the temperature 
departures from the normal for t.he period of this study. 

'rn 11 prpvious pnTwr by thewriters thr statement is made that the maximum tpmpnrnturc during these 
invc.,tiglltlons W[L.~ 107° J." ~I'hls tempcrnutre W'L~ the highest re""rded at the Pee Dee Experiment Station, 
which WM headquarters for this work, while In the town of Florence, ~ miles "way, the ollieial thermometer 
oT the Lnited Sttltcs Weuther Bureau recorded a maximum of lIl1,s°. !lee }'~;NTON, F. A.• nnd .DUNNAl', 
I~. W. nI8I'P.I<SAI. OF TUt: COTTON nOLL W~;"VII., ANTIIOIIOMUS ()II.,NIII8 11011. Jour,Agr. Hesearch 3U: .l35-
HII, illlls. lD2S, 

c !tecords for Ocwher, Novemhllr, and Decelllher, 1(125, nrelor Darlington, S. C. 
! Hel'ords for Januury, February, and March, 1112t1, arc (or .Darlington, S. O. 

http:3.321-1.54
http:Octob.er
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TARLE 2.-;l[onthlll temperature departures/tom normal, Florence, S. C., ]{ollember, 
1923, to December, 1926 

Year Illln. ,Feb. J.fnr. ~ May ~ July IAug. Sept. Oct. Nov. Dec. 

r OJ?. °P. OF. 0p. 0p. 0.R~ 0F~ t 0F~ OF. o,p~ OJI'. 0F~ 
1923••••••••••••. '••••••••••••••••••••• ,............................1•••••••••••••..• '_••. -0.9 +7.7 
W2L .••••.•.•.. i +U.II -0.3 -;1.0 I+0.4 -1.3 +1.8 -0.4 f +2.-l -2.0 -0.1 +2.7 +4.9 
J025.. .......... ' -O.:! +\1.3 +3.:1 +1.\1 -2.2 +2.7 +1.9 +1.4 +9.2 '+1.5 '-1.5 '+1.2 
~U20:. "'I'~I.3ea'~.'-(1.4.~1~.2..•~~~ +2.5 +1.8 1 +2.4 +:to +1.8 -;J.1 H7 

I 'l'cllIperntures for Dllrlingtoll, R. C. 

RELATION OF CLIMATE TO BOLL-WEEVIL BIOLOGY AT 
FJ.ORENCE, S. C. 

Boll-weevil smvival was low for the 'winter of 1923-24, owing to 
unfllvorablc weather conditions and also to defoliation by the cotton 
leaf w' ~rm (Alab(J!mCL aTgmacea Hiibn.) thp, prec0ding fall. A minimum 
tmnperature of 11 0 Ii'. occurred January G. Overwintered weevils 
were vory SCfLrce in t.he cotton fields early in t.he season of 1924, 
pl'obu.blv as a Tesult of the two factol's j llSt named. Rain fell on 12 
dn,rs in ~June and l(j days in July, although the total was below normal 
fot' the,~e Inonths. There were also many cloudy or partly cloudy days 
during whieh no rnill j'(~ll. As a result the few surviving overwintered 
weeviL; were cnabled t.o produce a fuil:ly large first genemtioll, which in 
tum produced un evenlurgersecondgeneration. Ternperaturesdllring 
these two months were not high enough to cause much mort.ality. 
At about the time weev"ils began to be numerous enough to threaten 
dU1l1u.ge to the top Cl'Op during August, the tempemture became very 
high, the mean 1'01' the month being 2.40 above normaL At the 
SILJrW time rnird"l111 was much below the average, t.here being only 
two days with appreciable .amounts of rain. This condition efl'ec
I;ivcly ehec.ked weevil.developmen t. September was decidedly favorable 
for the weevils, the tempemture being 2.6 0 below normal and the min
JIl.II 9.03 inches above norma!' During this month rain fell on 1 G 
dnys, cll.llBing an cxeeptionally heavy, Im:miant top growth of cotton. 
Great llUJnbers of weevils were developed in the numCl'Ous late squures 
wilieh also provided food for the weevils and enabled them to go into 
hibernation in good condition. More of these insects were in the 
('olton fields ill the Jail of 1924 than in either the Inll of 1925 or thn.t 
of] U2H, the t\\'O other years in which the study was condu~ted. 

Till' following winter was mild, with no g:l'eat extremes of tempem
ture, tho lowest tcmpel'n.tme reached being 22 0 F. on Decembel' 2, 
H)24. T('lnpemtures in Decpmbel', 1924, and Febl'llnry, 1925, were 
de<'i(kdJ,r above normul, l'tlle! the temperature of J1UllHtry, 1925, 
Wflf> only Hlightly below nonna!. Unusulllly warm w(>ather preyuILtxl 
during t1w fil'st huH of 1\ft1I'('h find (,Ilus(~d great Jlumbers of wc(wi\s 
to corne out of hib<'I'l1ation e!Ldy. This was 1'o11owod by cold weather, 
dH'<'king emel'g-ellce until aftcr the middle of April. MallY weevils 
PIlH'I'g-ing ill .1\'fltl'eh survived until April. Oonditions from June to 
Rppt('mbN were distinctly untuvorable for the wcevil, as the minfall 
wmi 1'01" Iwlow tho !tverngc and the tempemtlll'(~S, esppcially during 
RC'ptc'1l1her, W('I'0 eOllsicier·n.bly !tbov(' the itVI"I'nge. 'I'IWI"C WitS such a 
high p('l'et'fIf Itg-c of sUl'vi val during hiberuatiOIl, howev('l', thai; the 

http:dU1l1u.ge
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weevils were more numerous during the summer of 1925 than in 
1924, and there was a verr. heavy and prolonged dispersal, which began 
much earlier than usua. The continued dry weather almost com
pletely stoppcd cotton from fruiting during August and early Sep
tember, and as a result weevils were much fewer in numbers in the 
fall than they had been the preceding year. 

The wintcr of 1925-26 was also unfavorable for the few weevils 
that went into hibernation. While the temperatures were subnormal 
only in January, yet severe freezes must have caused a high mortality. 
10 1925 the minimum temperatures recorded at Darlington, 10 miles 
north of the experiment station, were 9° and 10° F. on December 
28 Ilnd 29, respectively. There were fewer overwintered weevils in 
cotton fields in the spring of 1926 than in the spring of 1924. Condi
tions during the summer were unfavorable for weevil development, 
temperatures being above and precipitation below normal. As a 
result, weevils never became numerous enough to cause heavy damage 
and there werc fewer of them in the fields in September and October, 
] 92G, than during the same months of the preceding year. 

DAMAGE CAUSED BY THE BOLL WEEVIL 

.LENGTH OF TIME SQUARES REMAIN ON THE PLANT AFTER 
OVIPOSITION BY THE BOLL WEEVIL 

The average length of time a square hung on the plant after being 
punctured once for egg deposition by the boll weevil was 7.35 days. 
Following 2 punctures it remained on the plant for an average of 
7.02 days; after 3 punctures, 7.08 days; and after 4 to 6 punctures, 
6.53 days. These averages were based on the follmving numbers 
of squares: 1,780 squares were oviposited in once; 522, twice; 
95, three times; and 28, four to si.x times. It is thus evident that those 
squat'CS whieh are destined to shed after being punctured either 
once or several times drop in about one week. 

AGE OF SQUARE PREFERRED BY 'rHE BOLL WEEVIL FOR FEEDING 
AND OVIPOSITION 

In 11 s('ri('s of tests conducted during 1925 and 1926, squares from 
fou r days old to those in bloom were exposed to weevil attack. There 
were 2,96,5 squares used in this test. N0ne l'eceived egg punctures 
during the- first fj'.re days and comparatively few on the sixth day, 
From' then on until three days before the squares bloomed there 
WitS no appal'l'nt preference of the weevil for squares of any particular 
nge for f.'gg deposition. In squl1res three days or less from blooming, 
ftod in blooms, more feeding punctures were found than punctures 
in whieh ('ggs were deposited. 

WE"~VIL DAMAGE TO COTTON BOLLS AND COMPARATIVE COTTON 
LOSS IN DIFFERENT VARIETIES 

The .amollut of damage weevils can do to different varieties of both 
short-staple and long-staple upland cotton was determined by bagging 
pltirs of weevils on uninfested bolls of known ages. The insects were 
r(1Jl10vocl at the end of 24 hours Ilnd notes taken as to the number of 
feeding and egg punctures. Each boll was then tagged, given an 
ic\entiJieation numbel', and rcbagged to prevent injury from other 
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weevils. The bag was removed before the boll opened, and after it had 
opened the percentage of cotton loss was ascertained by cl)Unting the 
number of locks damaged or destroyed. When a. young boll was shed 
because of weevil injury, it was recorded that the entire boll had been 
destroyed. ",'{hen the injury was caused by disease, or when it was 
uncertain whether or not the damage was due to the weevil, the bolls 
were not considered in figuring cotton loss. This experiment was not 
representative of field conditions since it is kno'wn that in the field 
squares are preferred and old bolls seldom attacked. The object was 
to determine (1) the length of time a boll is susceptible to weevil 
attack, ~) the comparative susceptibility of bolls of different ages 
and varieti£s to weevil inj ury, (3) the cause for any difference if any 
difrer('nee was found, filld (4) the rea,ctions of the weevils themselves 

A B 
,FJG\"Jt~ 2.-A, cotton boll slwwing nn exceptionall~' Jarge number or rceding puncturc.'; 

13, wall or {'Olton boll sbowing proliferation at point where egg wos forced through. 
'I'oward the bottom lOa\' be seen an oval diScolored area wbere nn egg wns rorl'1ld t-brougb
tbe outer wall but not tlirough the inner membrane 

under such controlled conditions. This experiment was carried out 
during 1925 and 1926, 2,833 bolls being used in the tests. 

It was found that with few exceptions the younger bolls showed the 
greater average number of feeding punctures. The exceptions noted 
were slight increases in the number of feeding punctures, in the case 
of two varieties, in bolls 31 to 35 days old over averages recorded for 

. bolls 26 to 30 days old, and for one variety a velT definite increase in 
the number of punctures in bolls 46 to 50 days old over the number 
in bolls 40 to 45 days old. In young bolls 1 to 5 days after blooming 
the average number of feeding punctures ranged from 8.33 to 8.5f3 per 
boll and the maximum number in one boll was 25. After these ages 
the average dropped to from none to 3 per boll in bolls 46 to 50 days 
old. The greatest number of feeding punctures recorded for a 24-hour 
period on one boll was 40 for a boll 40 days old. There was very little 
dUference in the number of feeding punctures made per boll for the 
three vIl.rietie8 under test, the slightly different averages at certain 
ages noL being significant. Figure 2, A, shows the extent to which 
older holls may be damaged by feeding punctures in cases of.Jexcep
tionally heavy infestations. 
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The average number of egg punctures per boll for the three varieties 
was as follows.: At 1 to 5 days old the range was from 0.43 to 0.9 per 
boll; at. 6 to 10 days, from 1.02 to 1.57; and at 11 to 15 days, from 
0.92 to 1.86. After the llttter age period the average number of egg 
pUIlctures per boll continued to drop, with slight exceptions, until the 
boll opened. The greatest number of egg punctures per boll recorded 
for a 24-hour period was 12 for a boll 18 days after blooming. Variety 
A, which was a short-staple upland cotton, averaged more egg punc
tures per boll than the others up to 15 days after blooming. In bolls 
16 to 20 days old the average was about the same as for vllriety B, 
whiC'h WllS nlso a short-staple upland cotton, but was still higher thlln 
for variety 0, a long-staple upland cotton. Variety B had the second 
highest average numbel' of egg punctures up to 15 days after blooming, 
and variety 0 had the lowest average number of egg punctures for the 
first 2.') days. After 20 days the di£."orences in the average number of 
egg punctures per boll for the three varieties were not great enough to 
be significant. 

Di~sections of older bolls often showed that the hole made by the 
WCt'vil 1'01' the reception of the egg extended only to the inner mem
brunc whiC'h slU"rounds the ('otton in ellch lock. Since this becomes 
hard, it is possible that the young weevillarvl1, after hett-hing, elln 
not always penetrate into the lock itself. In many cas('s where the 
egg w!!s fOl"<?C'd through the inner membrane, a small mass of plllnt 
tissue Ilt this point showed that proliferation had taken place, killing 
thr larva before it could cause any damage. (Fig. 2, B.) 

The pf'reentagc of cotton loss per boll for the three varieties was 
greateFit at 1 to 5 days, when it averaged from 89.4 to 98.7 per cent; 
und smallrst after 30 days, when it ranged from 0.5 to 2.6 per cent. 
The short-staple variety B showed the greatest loss up to 5 dn.ys, and 
the short-staple variety A the smallest, though variety A sho'wed the 
high('st per{'entage of loss at from 16 to 30 days. The long-staple 
vlll"iety C varied in respect to amount of loss, but for the most part 
agrC'('d llppl'ox-1mately with variety B. 

This ex])(>riment showed that the older a boll is the less chance 
a wC'c\"il hus oC damaging or destroying the cotton within, and 
thC'l'c is also It difference in the susceptibility of difJ'e.ren t varieties of 
u]11n.nd cotton to weevil damage to the bolls. Less than 10 per ('C'nt 
cotton loss rosulted Jrom w('evil attack for varieties 13 uncI C I1fter 
bolls were 20 days old. Variety A was morc sllsceptibh'. tIl(' weevil 
bring nble to eause 1110re than 10 per cent damage up Lo 3ll days aJter 
blooming. The immunity of VI}!1e.ty 13 to weevil dalllagl', although 
less than that 01' the others at the start, increased at a more rapid 
rate as the bolls beeame older. The difrerence in percentage of 
cotton loss for th(\ three varieties was not correIa ted wi til the com
parative nUJllbC'r of egg or f('eding punetul'es in the bolls. 'Yeevils 
fed in bolls of nil ages, although more feeding punctures were made in 
young boll~ than in old ones. The ayerage number of egg punctures 
p{'[' boll increased for the first 15 days, owing larg(']y to Oil increase in 
the size of thp boll; after tbis a dC'{'rease was noted, which indielltecl 
thn.t the hllrdc!'ling of the corpel of the boll was making it less attractive 
to the weevil. 

http:VI}!1e.ty
http:u]11n.nd
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SEASONAL-HISTORY STUDIES 


The comparative importance and time of appearance of the differ
ent generations, the length of the preoviposition and oviposition 
periods, the fecundity, rate of egg deposition, longevity, and course 
of developl'ncnt of the boll weevil were determined under different 
conditions by means of the e).-periments described below. 

vVhen cotton began to square,'a large number of field cages were 
set up over young plants, each cllge containing a male and a female 
overwintered weevil, marked to distinguish them from any that 
might aceidentally get into the cage. Each day the cages were 
examined and notes taken as to the survival of the weevils, the num
ber of eggs found, etc. Each square containing an egg was marked 
With a white tag bearing the number of egg punctures in it and the 
date. (Fig. 3, .A.) As soon as the weevils had punctured all or 
neady alJ of the squares in the cage, it was placed over another plant 
either not heretofore infested with weevils or with aU punctured 
squares removed, and in it the same pair was placed. 

'rhe infested cotton plants, now bearing many white-tagged 
squares, were left out in the open field, but were marked with a 
white-tipped stake whicb could be easily seen.. Each day an oper
ator visited these tagged plants and searched in and under them for 
infestrd squares whieh had fallen off. These were gathered together 
in a eompartment of a specially constructed tray, together with a 
ta~ bearing the same date. Later these squares, which now con
Lamed n(,l1rly matlue weevil larvae, were placed in square cages, 
aecording to the date of collection. (Fig. 3, B.) These were found 
un,;atisfactory, however, as the mortality was too heavy and the 
chanee of weevils being overlooked too great; for this reason later 
infested squares were brought into the insectary and placed in breed
ing box('s. Each box WIlS 3 or 4 yards long and divided into many 
COmpllJ'tment:;, eaeh about 4 or 5 inches square. A Jid fitted tightly 
ov('r the box. Dampened sphagnum moss was packed in the bottom, 
ovel' whieh the squares were placed. A hole was bored into the side 
of each ('ornpaJ"tnwnt and into this a shell vial was tightly fitted. 
When the weev.ils emerged, being positively phototropic, they col
lected in these tubes and could be handled and removed easily. 
Before relying on these cages, it was first definitely establi.shed that 
the weevil development in them was the same as in the more nearly 
normal {(square" Cllges, provided the squares were allow.ed to remain 
on the plants in the field until they dropped. 

First-brood weevils were placed in field cages in the same way as 
the overwintered weevils and watched in the same manner. Yellow 
tags were used to mark squares punctured by them. Since these 
first-brood weevils were always very numerous, other experiments 
w(']"(' made with them; for instance, todetel"mine how they reacted 
wlwn frd only on bolls. Females of this brood began egg deposition 
in bol1s when squares began to get scarce. Bolls containing eggs 
Wf'J"r tngged in th(' same way ns infested squnres, except thllt It ring 
was made nround the puncture in the hull of the boll by using the 
rud of IL shuJ"p pencil, so that the next day the egg would not be 
rrcountrd. (Fig. 4.) Since tlwse bolls uSllally did not fall off the 
plllnt, w('cyil drv('loprnent in them hlld to be watched differenLly 
from thnl; in lhe squures. About a we('k before they were due to 

http:allow.ed
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Flf~I·Hl';;{ A, {ipld C'lll-{l' lIsNi in lirp·hlstory stu.dws. showin~ tnggt·d, \\·~evil.infcsted squures 
"1Ii111!. H. l'a~I" IN'd ill [\r,( ill lhe ,ludy or weevIl tleveluJJlllellt. Liller luese were relllut'tltl by 
Jjrt.. t~dHI1' 1l(J\ll~ lU lhe jll~ectllry 
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open they were picked [rom the plants, brought into the insectary, 
and placed in bell jars. Each day they were examined, and any 
weevil tha~ emerged was recorded and the boll from which it emerged 
was noted. The emergence hole was plugged up with cotton so as 
not to be mistaken for a later weevil exit hole. 

Second-brood weevils were also ~ery numerous, and the bolls and 
sq uares they punctured were labeled with red tags. Third-brood 
adults were usually few in number, as compared with the adults of 
the two precedIng broods, and green tags were used for them. 

. FIGliltE ol.··-Coltuu hoiI showing Illarked egg llUu~tures 

STUDIES OF 1924 

In 1fJ24 the first weevils emerged f["Om hibemation in cages on 
March 31 and the last one June 25. Emergence was light and scat
tered throughout this period, but the heaviest emergence occurred from 
Mlty 23 to June 2, when 23 of the total of 75 survivors issued. 
(Fig. 5.) 

'rhere was 11 maximum of fOll!" generations in 1924. The fit-st was 
Inrge, pmcticnlly Ita eggs being laid when squares were plentiful. 
Conditions fot development w(~re ideal, as there were frequent rfi,ins 
during this period lind It high percentage of cloudy dltys. O,'iposition 
by the ov('["\vinternd wc('vils began June 21 in the Jield Cltges, but in 
on(\ fidd plnnted unusllnlJy e/l.r!y it hegllT! nt ICllst IlS Md.¥" IlS June 9. 
Egg depositioll by the ovenvintered females ('(lI1tin1led 1lntil August 
111 I)od Itf(\w mllil's livl'd until September" 1. The pelik of o\-ipositioCl 
occurred .July 1) and ILseeond high point WItS reached July 13. (Fig. 0.) 
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First-brood adults emerged from June 26 to August 18. (Fig. 7.) 
One was reared from a boll September 80. Oviposition by this brood 
extended from July 9 to October 2.. After the middle of August the 
l'Ilte of egg deposition slowed up considerably, owing to a scarcity 
of squares.and young bolls. The Peak was reached July 21. (Fig. 8.) 
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FlGUI\E 5.-Daily emergence of the 1:>011 weevil from hibernation cages, and average daily 
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Second-brood weevils issued from July 24 to October 29. (Fig. 
9, A.) The emergence was scattered after August 27, owing to the 
fact that eggs laid in bolls in August did not produce adults until 
September and October. Emergence from bolls came between Septem.
bel' 1 and October 29. The oviposition period extended from August 1 
to October 9, thc peak being reached August 19. (Fig. 9, B.) At no 
time was the egg deposition as heavy as that by females of either 
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the overwintered or the first brood. After September 1, egg laying 
was retarded, owing to the unusually cool, rainy weather, as well as 
the laek of uninIested squares. 

Third-brood adults issued from August 17 to November 14. (Fig. 
10, A.) Most of the eggs of this brood had been deposited in bolls, 
(md emergence from these occurred from August 21 to October 20. 
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temperature, Florence, S. C., 1924 

The oviposition period of this brood extended from August 22 to 
October 24, the peal,;: occurring September 2. (Fig. 10, B.) Owing 
to very unffLYorable plant conditions, oviposition was light and 
scl1ttel'ed. 

Only n, few fourth-brood weevils were reared, the first issuing 
September 12 and the last October 31. (Fig. 11.) There was no 
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7gg ~epof;it~on by this brood. The seasonal history for 1924 is shown 
III FIgure L. 

vVeevils began to leave cotton fields in large numbers for hiber
nation in late October} the movement starting during the cool spell 
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of Oetobcl' 22 t,o 25, when a light frost o('('uJ'J'cd. In SOllIe pluCQS 
the frost was henvy enough to kill cotton, but in most locnJities no 
damage resulted. The fjl'st gene1'll1 killing frost carne November 19. 
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STUDIES OF 1925 

Emergence from hibernation in 1925 was prolonged and heavy, 
beginning Mareh 6 and extending to July 1. (Fig. 13, A.) The peak 
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Flr;n..: J2.-SCIISOlUIl hl~lOry (If t.he colton holl Wt'e\'II, ,Florent'tl, S. C., JP24, n.~ determined by obser.. 
vaLions Ull wcovHs In cages in Lhtl !laid and lulJornl.ory 

was J'(,Il('hM .April 24. Aecording to tro.p-el'op rceords, the migration 
o[ tlw oV(,I'wiu teJ'('d weevils to tilt'. eoLtoll 1iclds cxt{'ncled hom 1\1a.y 14 
to .Julv H. 

As ii,1 1024, th(lJ'(1 WII.i'i IL ,lllUxillllllll of fOUI··gPIH'l'!ttiolls. The first 
WtlS not Jllrg(', owing {,o dry wl.'tltht't· ilnd t('mpprn.tuI'{'S above normal 
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during June and early July, which caused a high mortality among all 
immature stages except the egg. Oviposition by the overwintered 
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brood l'xtt'nded from .Tune 9 to ,1 uly 17. The peak of egg deposition 
WII.S l'tlll.('hed JUllf' n. (Fig. 13, B.) 
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Emergence of the first brood continued from July 1 to August Ii. 
(Fig. 14, A.) No adults were reared from bolls. Egg deposition by 
this brood occurred from July 6 to August 28, and was heavy up to 
August 11. (Fig. 14, B.) After this date it was light and scatteled 
owing to a drought and sul:isequent lack of squares and young bolls. 
The peak of oviposition was reached August 1. 
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Seeoncl-bI'ood adults issued from July 23 to October 4, the peak 
heing reached August 5. (Fig. 15.) Emergence was more or less 
ligh t fLnd scattered, owing to high prevailing temperatures at that time 
whic.h (:ILused IL heILry mortality of the immature stages. Emergence 
from bolls extended from August 28 to October 4, but was heaviest 
from August 28 to Septc'mber 10. The oviposition periQd f9r 50cond
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brood weevils ext~nded from August 3 to September 3, then ceased 
entirely, owing to the lack of squares and young bolls. (Fig. 16.) 
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F1GUllE 15.-J~Ulc.rgcnoo of the sccoud urood ot the buH wee,·U, -Flnron~"C, S. {\, 1m 

Third-brood weevils issued from August 20 until September 23. 

(Fig. 17, A.) Emergence from squares wus light, however, and no 

records of emergence from this SOUl'ee were obtained after Septem


ber 12. Adults issued 

,.----,r----r--.--r--..-.,--..-~ 90 ~ from bolls from Sep


g tember 5 to 23. Wee

+--.l-H::>I'--I. as ~ viIs of this brood ma


~ turedat a time when 

~ hr~~·-I 80 • t ere were no squares 
~ or young bolls present 

J...--I---17'C"J owi~g to'the excessively 
~ hot dry weather, so there 

••0 70 " was IiWe opportunity 
~ for oviposition, only one 

6~ • recol·d being obtained, 
Septl'mber 3. When 
squares began to be de

t'!... veloped again, weevils 
of this brood started 
egg laying on Septem
ber 24 and continued 
until October 23. (Fig. 
17, B.) The peak was 
reached September 29. 
Oviposition was light as 

.. • 0 

JI /0 15 20 ",0 4 9 compared with that of 
JuLY' Avausr .:;£DT{,-IBcta 

the preceding broods. 
FfOUIIE 16.-J)oposition of eggs by the second brood of the boll 

wco\~iI, }~Iorunco, $, ('., 1925 Very few fourth-brood 
weevils were reared; the 

first emerg{'(l Oetohel' 10 and tlw lust Noyember 28. (Fig. 18.) 
There wus no egg deposition by this brood. The seasonal history of 
the boll wee\'il for 1925 is sho'wn in Figure 19. 
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In 1025 systt'matic collections of squares were made from a number 
of fields each week, and theRe squal'l~s were dissected to determine the 
proportion of stages present at that. time. Adults were not found 
until tho cvllections made July 2 and 3 were Axamined. At this date 
76.74 per cent of the live stages were larvae, 22.09 per cent pupae, and 
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FJGnt~: 17. --A" C","rglUteO or tho third hrood or the holl weevil. Floreot'C, S. C., ]925i D, 
depositiou or eggs by tho third urood o( the boll weevil, FlureuL'C, S. C., 1025 

l.Hi ppr cent tenera1 adults. Tlus corresponded closely with breed
ing-cllgeemergence records, the first adults emerging from cages July 
1. It was impossible, however, to determine the number of gener
ations in 1025, by square dissections, owing to the overlapping of the 
gcncmtions under field conditions and to the migmtol'Y habit of the 
weevil. 
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The first weevils were Iound in hibernation in Spanish moss collec
tions of September 1 to 3. Field counts ilid not ahow anyextensiv6 
movement into hibernation until October 13. 

STUDIES OF 1926 

The first weevils emerged from hibernation cages lclarch 2, 1926, 
and the lust (In June 22. (Fig. 20, A.) ~>\.s in 1924, emergence was 
light und scattered, there being periods when no weevils were emerging 
from the cages, followed by a light emergence Ior several days. 

There was a maximum of foUl' generations this year as in the preced
ing two years. Likewise, as in those years, the third and Iourth 
generations wei'e incomplete. Very few adults of the fourth genera
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fion ('mf'q;ed llnd 11('11((\ tIllS generation was of little importunce. 
The firgt I.'ggs w'('I'e Inid by the overwintered weevils on June 15 and 
tlw In;;t on July 21. The pOilk wus reached July 3. (Fig. 20, E.) 

Conditions for d('v('lopment of the first gcneration were about 
normal. First-brood adults emergcd from July 5 to August 10. 
(Fig. 21, A.) JBgg deposition by this brood extended from July 10 
to A\lgust 24.' (Fig. 21, E.) 

Sceond-brood adults issued from July 29 to September 19, with the 
peak on July 2. (Fig. 22, A.) Emergence of adults of this brood 
from bolls ()('cuiTcd from August 18 to September 19. The ovi
pO:iition period extended from July 31 to Oetiober I, the p('llk being 
l'cnc:h(ld August 11. (Fig. 22, n.) .As in other years, egg dcpos~tion 

http:CprC/'"fBC.lZ


26 TECHNICAL BULLETIN 112, U. S. DEPT. OF AGRICULTURE 

was li~hter in September than in August, and the total number of eggsdeposlted was also less than for the two preceding broods. 
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Third-brood weevils issued from August 16 to October 30, emergencefrom bolls taking place from August 29 to October 19. (Fig. 23.)The oviposition period for this brood extended from September 1 tQ 
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October 21, with the peak on September 30. (Fig. 24.) Oviposition 
was light as compared with that of the other broods. 
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FIGURE 26.-Sellsonal history of the cotton boll weevil, Florence, S. C., 1920, as determined by
observations on weevils in cages in tbe field and laborntory .• 

A few fourth-brood weevils were reared from October 4 to November 
8. (Fig. 25.) There was no oviposition by this brood. The seasonal 
history for 1926 is shown in Figure 26. 
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Weekly dissections of squares were made during 1926, but the 
material could not be identified with definite generations. The first 
collections were made July 8 .and showed only one weevil emerged 
out of 134 forms. This indicated that the first generation had just 
started to emerge. At this date, 80.6 per cent of the live stages were 
larvae, 17.16 per cent pupae, 1.49 per cent teneral adults, and 0.75 
pel' cent had emerged as adults. The earliest first-brood weevils 
Tean~d from squares in cage e}.:periments emerged on July 5, so up to 
this date field data corresponded closely 'with cage records. 

RELATION BETWEEN THE SEASONAL mSTORY OF THE BOLL 
WEEVIL AND THE GROWTH OF THE COTTON PLANT 

DlU~ing the three years that the seasonal hlstory of the boll weevil 
was under observation, this history was corr-elated with the develop
ment and fruiting of the cotton plant. In H)25 this phase of the work 
was stressed particularly, and weekly photographs were taken of 
typical cotton plants in the same field in which the life-cycle s(;udies 
were being concl ucted. The resul ts 01 this study are shown in Table 3. 
Only such observations as were of particular importance were included 
in this tabulation. 

TABLE 3.-Comparison of seasonal history of the boll weevil and development of 
the ('olton plant, Florence, S. C., 1925 

Dllte Development of tho cotton Illunt 

Cotton first Uj). ______________________ _Apr. 21 
M.IY 2\J jo'ruiting branches of cotton had start· 

ed to dovelop, first squllres formed. 
JUlie .Fruitir1!( hrunches well started, older 

plimt henrin~ il squures.
June 12 Planls touching in rows, number of 

squares developed ahollt doubled. 

June !!Ol Plants hud started to bloolll ________ . __ 

JU:y 3 Plnnts hloominl( generally, and hnd 
set first bolls. 

July 10 Planlt; hellrin~ un increasing number 
of squares, hlooJOs, and holls. 

July 10 Plllutsstill hCllring' lUI incrensiIlg lIUIn~ 
ber or forms. 

July 2:1 .l'hUlts aL penk 0[ SCiuare produeLion__ _ 

July 31 Plant.s hlld jJllSsed perlk of square pro
duction Iwd were shedding excess 
fruit.. 

Ang. Plnuts shedding fruit profusely owing 
to drought nnd w~ovil puucLllrlllg. 

Aug. I·t Plnnts hnd shed nearly all squares. 
110lls opening. 

Aug. 21 An increns.ng tlllluber of bolls opeaing_, 

Sensonal history of the boll weevil 

EO.51 per cent weevils emerged from hibernation eages. 
89.80 per cent weevils emerged [rom hibernation cnges, 

47.01 per cent weevils taken from trap crops . 
!Ifl.2\) 	per cent wee"ils emerged from hibernation eages, 

fill.il per cent weevils tnken froIU trap crops. 
98.18 per cent weevils emerged from hibernation cages, 

66,011 per cent weevils taken from trap crops. /)v(\r
wintered females sturted egg deposition. 

90.76 per cent weevils emerged from hibernation cn~es, 
U8.5 per cent weevils tuken from trap crops. Over
wintered females had just passed peak of egg dep
osition. 

All weevils 	had emerged [rom hibernation cages, 09.25 
per cent hod been taken from the trap crops. Over
wintered weevils continued egg deposition. First 
hrood emerging. 

All weevils had emerged frolll hibernation. Both over
wintered and first-brood weevils depositing eggs, 

,"'[ost overwintered weevils dellel. First·brood weevil 
population in all fields increasing and most of egg dep
osition is by this brood. Disnersion cOlllmenced. 

:Most of weevil populution was cOlllposed of the first 
hrood, lIdults of which were still emerging from 
squnres. A few second· brood weevils developed. 

First-hrood weevils nellr peak or egg deposition. Emer
gence of both !irst and secoud broods continuing. 

Emergence of Drst brood nearly over, but increasing 
numhers DC second urood emerging. I!:gg: deposition 
hy both broods. 

A few first-brood weevils still em~rging, hut large num
bers of second-brood ndults emerging. :Most of egg
deposition in bolls. 

I';mergence of weevils chiefly of the second brood, hut 
II few third~brood uduits emerging. Egg (lt~I)Qsitioll 
lIlllinly in bolls. 

Aug. 27 CoLton picked once ___________________1 glUergcnce of second-brood weevils eontinuing rrom 
squares und that of third brood increasin!(. All egg 
deposition by nrst lind second brood feUl" ,"~S, 

Sept, -I Cotton picked twi''6 __________________ Second brood emerging chielly from holl< and third 
brood fwm squllres. Very little egg depostiion lind 
this br third hrood. 

Sept..18 SCl'ond growth (If cotl.on started. ____ • I';mergence of weevils chieny from bolls und lUl'l(ely thut 
of the third brood. Very little egg deposition by
third·hrood fOlllllles. 

Sept.2!1 Pll1nts hellring nn Inrrellsing nllllliJer Immergerl(!o of w(J(wils ueurly over. J~~g deposition 
of secollrl-cro() s()unrtls. ro"unled ill Illte S(ILlllreS by second lind third hroot! 

weovils. 

http:increns.ng
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Overwintered weevils continued to be found in the trap crops in 
1925 until cotton started to bloolh, and the earliest first-brood adults 
matured at 01' shortly a1'ter this time, (Fig, 27.) As long as the plants 
continued to bear an increasing number Of squares, the development 
of the wee\ril continued in an uninterrupted manner. (Fig. 28.) 
Plant conclitions were therefore Javol'able fOl' the weevil up to and 
shortly after the peak 01' fruit production, or' until Au~ust 7. After 
this date most of the e~g deposition was in bolls,anCl this at once 
j'(\tarded weevil ovipositlOn and rate of developmeru. The condition 
oJ a typical cotton plant dUl'in~ this period is shown in Figure 29 . 

.FHH'HE 27,--Typi"nl cotton plnnt stripped of lenves to show fruiting condition nt 
time of fir;3t uloom; pllotogruphcd at ~"lorellcl!, S. C., June 26, L9:!5 

This unfavol'llble p('f'iod extend('d from August 7 to September 18. 
AI though these' ('onciitions were U.n favol'llblP 1'01' ad ul t. weeyils, there 
W!lR !l (~ontinuous enlCr~ence of young weevils during this time, f!"Om 
sqU!lI'('f; iltfirst, and alter August 28 largp.\y from bolls. 'Vhen the 
('illu'ndt'J'istie s('(:ond growth of cotton sttll'tt'd (fig. 30), t.he weevils 
PJ'PSPTlt in 1IH' lipid wC'J'e largely of tLw s('('onci and third g('uemtiolls. 
TilesI' sllLrtC'd ('gp; dC'positioll in the lat,(' ('J'op of squILJ'es, thus pl'Oduc
illg laU' individmt1s of the third gPIH'I'u.tion ILlld Itlso some of It fourth 
gl'Il(,l'ltlion, It is thus S(1('11 thltt dUI'ing Hl25 the SN1SOIHd lil'e cyell' of 
th(' hoi! wN'vil was gl'Nltly .inllllt'/H·NI by the Jntitiug of the cottun 
pllLll t. This was also true ill 1924 and 1920. 
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PIGt:RE 28.-'l'yp,cnl cotton plnnL stripped of len\"e5 LO show large number of sqllurr.'~ und bolls 
(Iult.~r tugged) ut peak of (ruouug; phoLOgrupiled ut .Flort!lll.... ::l. L'., July:!:l. lU:l5 
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FJ<jn~E ;!J-1'YTncnl rnlton plnut 5triJlP~d Of lellv~~ III show I"('k of squllre~ nml young bolls 
thr~e W('cl;s after pcuk of (nlltlng; photographed lit florence, 8. l'., August 1-1, 19:ui 
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'VII.! Itt 3(1.. 'l'H'il.':ll 1'011"" (.lanl 'Irrpprd of ICIII·e.• to ,how t'l\"rnrr{'ri~t ic ,;ccond crop o( squares;
lluulogra.ph\)d ut Flofl\llce, ;:;. L\, l)(·tobcr ~J lU:!J 
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LIFE CYCLE IN FIELD CAGES 


LONGEVITY OF OVERWINTERED WEEVILS BEFORE COTTON IS 
AVAILABLE FOR FOOD 

Tlw IlV(,I'Il~(, longevity without food of oV(,J'wint,ered wc(wils that 
eUlC'J'ged from hibel'lllLtioll early, b('fol'e the ('otton plants were up, 
Wit,; ({('tN'mined liS fo.llows: ThosE' issuing in M.lil'('h were marked with 
a r'l'd dyc lind l'(,plated in the ('age, If r('('overed later, a note was made 
of this lWei It sc('olld mlll'k Hladl', This WllS ('olltinucd as long ItS the 
WN,\·il livNI [mel was r('('ovcrcd, Wccvils CJllCrgillg- in April befol'o 
('olton ('IUll(' np WNO JI1tll'kcd .in the sllme wuy except that n. blue dye 
WIlS lI:'led instend, All weevils cml'l'ging fro III hibpl'nlltioll that were 
not l'('('ov('rl'Clltlt('r wt'l'e nssuJlwd to llt1v(' lived one day,7 The lon
gl'yj ty of [hosc 1'('/tPPNlring ill the ellg-cs aftt'l' the dlltes of first cmc1'
gPI)N' WilS dl'tcl'mined by tilt' numlw1' lWei ('0101' of thp ll11uks Oil them, 

TIH' ILY('1'ag-(' longevity of oY(lI'wintl'l't.d ·wP('yils which had eml'/'gl'd 
lH'fon' ('oLton ('tUl!l\ up WitS 5,fi5 dilYs, thc mllximull152, und the mini
mum:1 day, 'I'hiH WitS dl'tcl'lIlilled [rom /j78 1'e('ords for 19~5 Imel 1926, 
('o!ll(lur'llti.w·ly few w('('vils thut (>merged pl'ior to the IIppellranee of 
eotLoll aboY(' ground Hyed long enough to be plll('ed in field cllges 
on'l' young plants, Those thllt did, died within It few cluys Ilfter 
Iwing ('(·I('IlSNI in lh(' (,Ilgrs, 

Although the Plllel'gcn(:e of the wee.vil f1'om hibernation ill many 
of (h(';;(' (,Ilges occu1'red somewhat earlier than in nature, it was (\yident 
thnt UWI'(' wns IL heavy mortnlity amon~ the early-emerging OV(\1'

win t('red weevilH Ilnd that this further decreased the number that 
('V(,1l tUlllly found their wily to cotton later in the spring, As shown 
IlliN, JlllUlY were also able to survive by rehibernation until niter 
cotton was up, 

LONGEVITY OF WEEVILS WITHOUT FOOD IN THE FALL 

On Oetobcl' 10, J924, 100 weevils wOl'e eollceted in the field Ilnd 
pllt('('d il1 euges without, food 01' waLer. A similllr scries WIlS stul'teel 
OeLoi.wr 20 Iwd ILllothcr on Oetobol' 30, In all threc cnges weevils 
begnll to dic in Il few dlLYSI tho percentllge of mortality inc1'cnsing 
daily. On Novornbw' 8,95 p('r ecnt, of those in enges started Oetober 
10 W('I'lI deud, Itnd tho last, sueeumbed Nov('rnbcr 10, On Nov(,llIbel' 
10,77 JH'I' Cl'nt of tJlOse \'nged Oetobel' 20 we/'{', d('ad, Ilnd 43 per cent 
of thost' (,Itgeu (ktoi>(l1' ao. This test showed thllt weevils mil)' live 
H.H long as 29 days without food 01' water inthc late fnll. It also 
indiellt.nd thll t t\. part of the mOl'tlllity of weevils plaeed in hibernation 
ellg'es ('Ildy was due to the fuet that mllny of them WPI'C not roady for 
hil><'l'lltttioIl ilt this time, The dellth of Ulllny weevils ill these ellrly
installed (:agl's oeeurred befol'c winter set in nnd was caused by 
"turvntion. 

LONGEVITY OF OVERWINT.ERED WEEVILS IN YOUNG COTTON 
BEFOHE IT .'IWITS 

To Ils('(I/'tllin til(' kngth of lifo of the ovel'wintercd wccvil;; ill young 
('otton b('[or(\ it bpgilll to fl'Uit l those whieh hild just emerged from 
hibt'l'lllltioll w(Ore rpjellsed in lllrge field cages ove!' slTllLll coLton plllllts, 

'! t IUI(lllhll"dll" ~mrU' wCl-vil~ Ilvud (or u ruw dur:; nCtcr lUl\~in~ hunt' UIH'k intu biht~rlluti()lIf t'fHl~'1UCUtly 
tlltJ.~\l ligures tin 110\ glVL' tho true uvomgo lougcvlt)". 

33005')2!)--3 
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As It con trol, a similar tes twas nm in t be insectnry ill tum bIers, the 
we{'dls being fed with cotton leaves and leaf buds. This experi
ment, which \VlIS discontinued as soon as cotton began to set its 
first squart'S, was conducted during 1925 and 1926, with weevils 
thllt euwrged in late April or May before eotton began to fruit. 

Tlwl"e WIlS tL very heavy mortality during the first few dttys ttfter 
elll('rgc'neo from hibernation, Imd eomparatively few individuals 
slIrviv(\d until (:otton began to fruit. These weevils fed J"Ct"tdily upon 
111<" young eottoll plants, destroying some of them. (Fig. 31.) The 
flV(,J"Ilge longevity fr'om 192 rccOl·ds was 8.13 days, and the mllximum 
40. At the same time IG3 wcevils kept in tumblers in the insectary 
and fNI on the SILme Pl1J"ts of tbe cotton plttnt lived on an ttvernge 
14.01 days, Itnd the maximum WIlS 40. 

The greilte,' avemge longevity of weevils in tumblers over thttt of 
thos(' in t110 fi('ld cHges suggests that the high mortality of the latter 
wns no! due to n.ln('k of squlLl"('S upon whieh to feed but to tt difl"t'rence 

~'H; ["nl<; ')1 . ~m.fll c'otton t.;howim:. St'\"Crf.' injun' hy we('\~il~. in nn experiment lo dewrmino 
{lrCS'lllare l()lI~enl,Y of the boll wee"il. Thl. condition is rnrel;-, if ever, (ound ill the field 

in cugt' eonclitions. Since the same type of cage has bct'n Suceess
fully uf,od for life-history cxperiments for three yellrs without slleh 
Il. high mortality, it is believed that the cage was not alone responsible. 

LONGEVJTY OF WEEVJLS IN COTTON AFTER IT FRUITED 

Tho n.Vt'l"tlgn long(wity of udult boJl weevils in fruiting cotton in 
the liPid ('ages, ns shown by the datu in TlLhle 4, wus 19.32 days for 
malrs llnd 15,9!J for ft'males. The lllaxim um for males wus 82 days 
alld for [('males 81. These figures are based on individual observa
tiolls of :303 males ttnd 32G femlLles made ILt different times during a 
3-yrlLl" p<'riod. Third-brood weevils lived longer than those of uny 
of the otiler' broods, mttles ttvemging 25.1 days and Jemules 22.21, 
while those of the fourth brood were the shortest liYcd, mttles uY<'rag
j ng 15.33 days and femules 9. The Itvt'rlLge longevi ty during the throe 
y<'1111-\ was gl't'I.lt('st in j !J24 Itnd least in ] !J25. In the former yellr 
mnlp" livpd 1"or un u\'omge per'iocl of 27.08 cln..ys und 1"Plllllles 22.19, 
whill' ill til(' IlIl[,er yeUl" tho uvcrage was 13.44 days for males und 
10.9 for /"('male". 
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TABLE .1.-Lollgevity oj the boll 'Weevil in fief l cages, Florence, S. C., 1924, 1925, 
and 192;, 

i:--------.---------____l _______~-------------
j Number of- [NUmber or.days lou- Number or-I. Number Of. days 101\-Brood I Year " gevlty - ! ge"lty 

-'J ~: ! '~,---; , 

Re(~: Weevil' Aver- Ma:d- MiDI-j Rec- i Weevil Aver-, Maxi- Mini.
l~. ..,~..._i ~! dU~I~,~:: ordsl-.':~! ag~I~~~___ 

• .',(j~er"'lOtcred. 
'{ lU2l 211' 
I W25 54,

••• lOW ~2 
: UJ2HOW'.1I5 
'{ 192,1 I Z!f W25 31 

625 
727
8i8 

!!, 230 
007 
:154 

21. 55 
13.46
IliA4 
hI. ~9 
29.00 
11.42 

(j(j 
51
69 
GU 
6,
2:l 

2 
2
6 
2 
.}
2 

31 I 
49 !
30 : 

110 i 
~'Ii 
37: 

510 ~ 16.45 j
564 11.5\
691 ~.03 

1,7115 16.05 
f.tJ, ~.OO 
3;;3 9.54, 

46 
2., i
48 i 
48 : 
74 l 
21' 

2 
2
U 
2 
:1 
2 

""", JU~~J
1 lU2H9211. 

31 
!liS 

flS5 
1,!lO6 

17.21 
IS. 25 

." 
1I. 

1 
1 

40 t 
106 I 

516 
J,;;36 

12.90' 2S 
H. 49 '74 

1 
J 

'flnnl 

I'ourlh 

'{ lU2l i 
r 1~125 If 

11120 
W2-1-JII2/Ji 

{ 

W24 
1!I:!5 

'1V-'6 
; W:!·I ..J926 
'JU2U 

IS,
2t 
37 
;1}' 
4 
1 

16 
2\ 
3 

;;32
~IOO 
(lOJ 

1"1.40 
ISO 
4M 

2\JIJ 
527 

·16 

2I!.56 
H.71 
1U. 35 
IV. 03 
45.00 
4S.OO 
IS.6U 
25,10, 
IS.3:1 f 

S2 
5l 
72 
82 
79 
4S 
fit 
iU 
~1l 

5 
? i
2I 
2 

2S: 
4S 
S·
8:! 

11' 

19 ' 4SG 
24 i !!52 
35' 562 
78 I 1,240 
4 ' 179 
1 I ·11 

24 1 42·1 
29' all 
3 j 2. \ 

2;;,58' 81 
10.50 ~ .2:i 
11.34 43 
lr..!J() 81 
+I. is ! 74 
41.00 I 41 
17.6. ,3~ 
22,,21 i 74 
9.00 12 

4 
2 
;I 
2 
;I 

41 
5 
3 
4 

I 
.--'- --,--~.~- ..-I---'-.,-....:-------

W~,I 7,' 2, 004 1 27.(Jl;, k'2 2 83. 1,;;.12 1 22.19,' iii j 2 
'J ut.1I fir II \I'r· 11125 10, 1,4:18 13. H .; 54 2 111, 1,210 I 10.00 41 I 2 

ug~. 1 .11211 1 I:!'J 2.413! 19. is ! 72 1, 132 2, If~J \16.36 48 1 
l lU21. IIIWI..3();J., 5,11055; 19.32;. _li~~3~ 5,:?l2 .. 15.119 ~_.l 

The dnta on longevity are based upon all records, whether the 
w{'(,\'il Iivcd only olle day, or escnped later, or was killed by spiders, 
til' whether it li\'ed for Wh!lt appeared to be the natul'al span of life. 
::)il1l'(' the w('e\'ils are exposed to all sorts of enemies in the field, this 
u\'eI'ilge is probably very neal'Iy that in nature. Comparisons or 
longe'\'ity in the difr('rp.llt YN1rs show clearly the efrect of temperature. 
TIl(' Bellson of 1924 was fa vomble for the wee\·il, resulting in the long
est llV('rllg(' lellgth of life', wherells excessively high temperatures ill 
102;') ('lIus(>(1 a \'('ry gI'(,llt mortality in the cages and reduced the a\'er
Itg-(> longe\'ity. rrhel'(' was ('onsidel'ltble yearly \'urintion in the longe\'
ity of the o \'01'wirlt<'I'ed , first-brood, and second-brood we('\'i15, but 
til(' IlVpritgl'S for the three Vl'arA IHe Ilbout the same, weevils of the 
first bro(H) Ij dug llboll tone'dllY less tllllU the others. The 10nQ:e\'itv 
of th(' lhil'd-Im)od WOt'vils wlls~mu('h greater than that of !lny ()f tile 
oill(·I~'i. This wns d lit' to the faet that fTIilny of these w'(~e\'ils were 
d('\'eloped in lale sumnlel' and etlrly filII, wl](~n the wetither wns much 
('(JOIt'I', .Iwd this retllrdcd nil neth'ities, as shown lateI'. The compartl
tiwly short longe\'ity for tht:' ft'w fourth-brood weevils Wl1S due to 
Ill!.' furl tll1lt th(')T mlltul'ed late Ilnd had only 11 short fceding period 
hbUI'P frol:lt. NOll(> of these sUITiv(~d tht' wintel'. 

PItEOVIPOSITION PERIOD 

The ft\'el'ttgp preo\'iposition pNiod Ul field cnges, determined 1'1'0111 
24() r('('orcis, WUl:l found to be 7.21 dilYS, with a maximum of 31 ilnd 
lind nlinin1ll1ll of f, (rab\(, 6.) The Y(,!lrly ft\'('I'llge \'a.-ied from 7.71 
lInys ill 1!J~4 to fi.\JI ITl 1026. 'l'hird:broocl female's hud the highest 
IIY('rng(1 pn'\l\'ipOSllioll p('rind, whi(~h was 1:1.~7 dltys. The lowl'st 
I~vprug-l' \VIIS ;i,i)}) duys, 1'01' fil'::;L-\)l'Ood felllides. 



-----------

36 TECHNICAL BULLETIN 112, U. S. DEPT. 01" AGRICULTURE 

TAJILE 5.-Preovip(jsitiol~ period oj the boU weevil in fLeld cages, Florence, .s. C., 
1924, 1925, and 1926 

Number or-I Numberovipositionor days before 
IBrood Year 
Records Weevil Aver· Mm- Mini

days age mum mum 

---------------1--- ,---------
• {1924 20 187 9.35 )8 2 o . te d J925 28 167 5.00 )6 1 

verwlD TO ---------.---------.--.-----------.---- lII'l:.:Tm ~ ~ Ig: ~ I~ ~ 

First._______________________________________________ Ll! ~ ill i~ ;~ i 
lIrn 20 IJ7 5.85 13 2 

Second_____•___________________ - ____..__________ ~;::'~ t~ 1~~ ~~ ~ Ig ~ 
{

192H926 01 :H3 5.02 15 2 

'rhlrd____~___________• ______________,._-_-_________ ._ tJ4~P20 ~ l~ t~~~ ~ ~ 

1924 05 flOl 7.71 24 2 
'r . 1925 77 552 7.17 :Jl 101111 or lI>erago._______________________________ 1926 98 i 077 6. 91 18 2 

{
1924-19'.!6 240' 1,730 7.21 31 1 

----- ,-~-,~---

The preoviposition period of 'overwintered weevils is computed 
f:-om the daLe of appearance of the first noticeable square, which 
in rMlity is I1bout 5 days old, to the time when the first egg is de
posited.H That of the wintered weevils averaged about three days 
longer than, t.hat of either the first-brood or second-brood w.eevils. 
This was because the overwintered weevils had access at first to 
vcry small squal'OS only, whereas weevils of subsequent broods, upon 
('merging, found large squares and bolls to feed upon. The gradual 
eh/LOge, of feeding from the leaf buds to _the squares probably had 
some ('frect on the overwintered weevils. Furthermore, comparatively 
few sq uarcs arc available at the first of the season. The preoviposition 
period of both the first and second brood weevils averaged shorter 
than that of the other bl'Oods. At the time most of these weevils 
mllture the plants are heavily fruited, thus providing an abundance 
of fluitable food, llnd this fact, together with the-high temperatures, 
is Jl1vol'llbl{l fDr a rapid development of the eggs in the ovaries. The 
jong average preoviposit,ion period of the third-brood weevils was 
due pllrtly to the fact that they were obliged to feed largely on bolls, 
nnd this J('ngthcned the period, llS shown later. Since the period was 
also lengthened for the third bl'Ood in the insectary where plenty of 
squares were provided! it is evident that this longer preoviposition 
period was 1101, entirely due to 11 lack of squares on the plants. 

The avel'llge preoviposition period of approximutely 8 days for the 
overwintered weevils is significltnt when early poisoning operations 
ngainst these weevils are considered. It means that very little egg 
deposition will oc(,ur before (i to ] 0 days nfter the appearance of the 
first noticeable squnres, dependin~ upon the season. Since a square 
mllst be at least 5 days old before It is large enough to be uttraetive to 
the ()vN'Wint('red JemlLle boll weevil, und since aftel' this a minimum 
period of (j dnys II1l1st elnpse before. th(· til'st egg is deposited, this 

"I'hlS tloo~ llf)tropr~soulllle true preovlposiliou period, sluce tbosalemales had emerged the preceding 
filii. 
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m('ans that the oldest squa.res in any field will be at least 11 days old 
b('[or(' the first oviposition oc-curs. For the first and seeond broods 
the in tcrval betw('('n emergence of the weevil and the deposition of its 
first ('ggs is shorter, aV(,l'Ilging somewhat less than 6 dtlYS, In eon
Ri(kring late applications of poisons, this indieates that nil w('('vils 
Nlwrgiug fro.m sqtlnl'('s after th(' poison has l)('rl1 applied will brgiu 
to ovipositiu nbout 6 days, if not kill('d b~T thr poison present. 

OVIPOSITION PERIOD 

Jn firld ('agrs the Ilv(,1'Ilge oviposi tion period WitS 12,66 days and 
the maximum was 70, 'l'bis WtlS as('ertllin('d from observations on 
248 [rmales during threr Y('tU'S, ('fable 6,) The yearly Itvel'llgn 
l'IlIlg('d from lS,74 days ill L924 to 10.22 in 1925, 'rhil'd-brood weevils 
had lhr I()nge~t tlV£'ntge ovipositioll IWl'iod, which was 13,55 days, 
lind thr shorl('sl wns 1l.S2 for fil'st-brood fpmulL's, 

TM1L" (\.,--()(,lposi/;oli l)('riod of the boll Il'l'c(til in field W(/CS, Florc/U'p, 8. ('., I9J4, 
1925, (lll(i 1!J.m 

NU'llh~r ofdnys uf 
oVipositiun

Num-
Brood Year her of ---------.. '" 

records A vcr- l\lfiIi-! J.Jini
oge mum UllInl 

"--- --;:-;(;.5; --;[--1 
Overwitlten'lJ .-.. --.. "---~------I·{ .lr~ I ;1 l:\: ~~~ ~~ 1 

1!t1-1-1 !t26' 7:l 1:1. :1, 4:1 1 

first . . . .. ------,{ 18~ 1 ~{ 2~:: ~ ~r :\ 
Hl26 3S 8. 74 2.5 1 

1 024· I 92H sa ,11.~2 ;~~ 1 
1\1'24 20 HUk) ,0 1 

S'!(~on(1 .....____ 19'2.5 15 !l.la 24 1 
{ J92r. 2ti JI.04 :I!I 1 

ID2·\··l\r21l 61 12. -10 70 1 
102·' 4 :ll. :10 thl 1 

Third _.. __ 1925 J() 11.:;0 2!1 I 
{1 Hl21l 1i 10.-11 2!) 1 

1IU2HII:lH :ll I:U;5 (1:1 I 

:{ 1!l24 '~MI-IS. 7·\ I"" 70 
, 1025' "I 10. ~2 I 2\1 , 

1U26 I 105 10.62/ :m I 
119~~~1 2-1~ I 12.f~; _•• _7~ ____ 

'l'Il('I'P W{'I'(' no IllflJ'k"d dif)'PI'PIl('('s in til(' eompnl'tlLiw~ UY('I'llc'r 
lrngths of lhl' ovipoRitioll lWl'iods of til(' dif)'(,I'('ut bl'oodtl. The 
mnxinHt show, hO\\,l'\'rr, that felllllies of the se('ond and third broods 
mlly ha\rr II. longrl' oviposition period thun that of till' olhrr broods, 
'I'll(' Iwrrng(' foJ' 1924 WIIS npproximntrly right duys longrr than thut 
foJ' 1025 IIlld ] !)2(j, showing n!!nill lhn L the growjng season of 1924 WitS 

lJlol'r fi1\'ol'I\.I>I(' fol' f hr bon \\'('rvil. 

FECUNDITY 

Jt wns d(,(.(,l'IlIill(,d, fl'om J'e('ords lUlUit' d tlJ'ing till' t hJ'er y£'l\.l's on 
f('mnk w('C'vils of nil hroods in fi('ld engNl, lhnt thr nVPl'ng'e nlllnb('1' of 
<,ggs d('posiI.NI.(H'I' f(,lllul(, was ~],2L ('['nbJ<'7.) During tltis (ll'l'iod 
tltt' ((Jilt! Illllllb('1' of l'ggR dpposifl'd (WI' femille rnngpd Ill! tltt> WHy 
fJ'Oill I to 44(), Tit£' ,Y<'llrl,Y iwernge vlll'Ire\. [I'om 11:3,80 ('gogs P('I' female 
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in 1924 to 63.71 in 1926_ First-brood weevils had the greatest aver
age Ierundity, 1l1.Q6 eggs, and the lowest was 33.52 for third-brood 
f('males. 

TABLg i.-Fecundity oJ the boll weevil in field cages, Florence, S. Co, 1924, 1925, 
and 1926 

Number 01 eggs laidNumber of per female 
Brood Year --- ----1--------

HIlL~ Aver- Maxi- lIHni-Eggsords ege mum IllUJIl 

·_---_·-------·1---1 

ovurwint~eL·--·---·-·---·--------------------'LJr~m ~ i~i ~~! I 
1924 21 3,776 JiO.81 438 1Fir,L."... .-.-..... -------..------------------ { 1;~1m ~ H~j l'f:~!~ i 
1!124 20 I, 481 1 7-1. 05 2!"J5 1 
1!J25 15 004 4~_ 27 137 Il"ie~on:l ...... ,. ...... - •• _-------------------------, 1\)'>..6 . 26 I, 013 3~_ 9G 114. 1{ 

19'~.j-.192G, 61 3, 15S 51.77 21;'5 I 
1924 4 281 1 70.25 110 1 

• 19'25 10 4:lS 43.80 07 4
I{ 

'fhiru :: --:-----·---·-------- ..---·---------------···---1{4~~~1 ~-l ::: I:::: I' 

'rot"l or n,-cra"c 1!}2!i 77 I, 5,933 77.05 301 11 
• ~ .n '.0 ·-_· _---_··-------------·-1 IP23 10,5 6,090 63.71 I 352.. 1 

. 1924-1\123, 243 120, 140 81. 21, 440 I 

The vuriation in .average Ieclln'dity of the difl'erent broods is very 
sf riking and elearly shows the dependence of this insect upon plant
fruiting conditions for its development. The first-brood females 
had the highest average fecundity, followed closely by the over
win tered frmales. This was due to the fact that most of the weevils 
of th('s{' two hroods had plenty 0[' squares in which to oviposit. 
'flU' average fe(,lIndity of second-brood females was approximately 
oM-hnlf of that of the preceding broods, and this was due largely to 
th(' fl1<'1. that Jllll('h of the oviposition was in bolls. The influence 
of t1H' IlltL('r fuet is shown even more strikingly in the fecundity of 
(h(' third brood. ""hile eady-emerged seeond-brood females had 
pl('1) ly of sq lI11n'S in whit'll to oviposit, practically all third-brood 
f('mllle's hnd littlp clse than bolls, and moreover thesr w('re oldl'l' and 
IIlllch 1('s8 fllvorllhle 1'01' egg deposition, as already shown, 

The difl'crenrc in tlip yearly Ilverages Ilgain shows that 1924 wa" 
tht' most. fn.\'(Jrablc- season fOl' weevil reproduction. The fecundity 
01' tht' boll w{'t'yil is not. great when compared with that of many 
olh(>I' ins('ds., bllt this is more than count.eracted by the fact that 
tll(' (>ggs al'e plaeed within the square or boll where natural enemies 
('11Il not /fct al them Pllsily, 

HATE OF EGG DEPOSITION 

1n t he field eages 1.11(' Il Vl'I'ng{' dnily ()',riposi tion pel' female was 
(;.42 eggs, Imd the maximum. :33. Thl;; was nseertained from the 
tN"lI'ds of deposition of 20,140 cggs during the 3-year period. 
(Table S,) The yendy nveruge I'Ill1ged from 7.54 eggs pel' day in 
1025 to u in 192u. The highest daily averllge mte of egg deposi tioll 
wns !).45 fol' first-brood fel11ales, and the lowest was 2.47 [01' thosp 
of tht' t hiI'd brood, 
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TABLE 8.-A IJerafre nu.mber oj eggs laid IJer day by 'he bqll weevil in field cayes, 
F1Qrence, S. C., 1924,1925, and 1926 

The vllrintion in rilLe of oviposition by females of the difi'crent 
broods shows, lis strikingly as does the variation in average fecundity, 
thl:' I1xten t to which the weevil is dependent upon the fruiting ehar
Ilcteristics of the cotton plant for its development. The highest 
duiIy record of oviposition was by first-brood females, and the second 
highest by overwintered females. These weevils not only laid the 
most eggs but deposited these at a more rapid rate. The averuge for 
second-brood weevils felJ considerably below that of the preceding 
broods, while tlIut of the third brood was still lower. The sume 
explunation holds true for this as for the fecundity, numely, the 
preseuee 01' .luck of a plentiful supply of squares on the plants. As 
soon M t.he penk of square production hus been passed and females 
hllV() to oviposit lurgely in bolls, their fecundity is lowered, and the 
rate of ('gog d('pm;ition i~1 retarded, us is shown on page 4S. 

D"~V~LOPMENT OF WEEVIL IN COTTON SQUARES 

'I'll(' IlVernge developmentnl period of the boll we(wil in b(JUllr{':; in 
the li('\d CllgCS for three years is ~hown in 'rable 9. It mnged from 
17.6a days for the second gCMrntioll to 33.55 duys for the fourth. The 
shortest yearly average development was 17.47 duys in 192u, ru~d the 
]ollgc.c;t WitS 19.!)9 in 1925. For all generation!>, this period averaged 
18.3 days Ilt an Ilvernge meun tcmpernture of SO.9So F. ancl an average 
mPllIl relative humidity of 73.79 per cent. 'rhese averages were 
cll.'t:crmincd from 1,661 rcconls. 

The shortest I1vcrage development occurred in the first I1ml second 
gC'D<'rntions under an Ilyerage mean temperuture of about 81°F. 
lind aTl Ilvernge l11l'an relative humidity of 74 per cent. Thnt oJ the 
third generation WIlS ] 9.78 days, Ilpproxirnately 2 dllYs longer. This 
WfLS due to the fIlet tha t in H)24 this genern.tion avernged 22.49 days 
in its development, owing to n lower nvernge mellIl temperature, 
70A()0. Tht' Ilvemgc· devc/oplJlCII t of t he fourth generlltion was the 
longrst becauso of the low average moan temperature, which wus 
67.38°. 
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TAllLH 9.-Developmental period of the boll wee~>il in squares in field cages, 
Florence, S. C., 1924, 192/5, and 1926 

'::veraga Average Average 
Generation Year Records Weevil period of moon mean 

days develop- tempem' relative 
ment ture' humidity 

-~---------,I--- - ___________~~ _ 
Number Number n·V_ OF. Percent 

166 2,940 li.n 79.53 75.38 
58 I,O:lI 17.78 81.59 74. it;First. ••_•••••.••- .....--•• --.---. ---------,{ ig~ 441 i,902 17.68 82.01 73.36 

1024-19'26 671 l1,B';3 17.69 8\.36 ';3.98 
256 4,75.1 18.57 70.61 74.01{ 19241925 150 2,&';6 17.00 SO. 10 68.Zi 

J9211 311'J 6,621 16.80 83.33 74.55
Sct'()nd ~ ~ ......... «c" ...... ~ _~ ....... ~"""''''''' .... _ .. _ .. _____ 


192-1:'19211 S07 14,::!30 17.&1 81.63 74.00 
53 1,192 22.49 76.46 74.(JIJ{ 1924 
Zl 511 18.9:1 81.00 67.65'!'hir,1 , ..........---••-.-•.• - .......... ---, 1U~~~92t; 54 948 17.56 82. 55 
 73.82 

134 19.78 79.83 72. 68 
10 2,~~ 28.90 71.211 73.59{ HI:}IlU25 9!)<J 

111'21; 13 :!OO 27.38 73.29 69.07 
1924-19211 49 1,644 33.55 6i.38 71. 00 

Fourth. __ ••••• ___ .... ___..........._.._... 211 38.42 62.35 72.27 


It Itppears that the earliest first-brood weevils will not appear in 
allY cotton. field, regardless of whell it is planted, until about the time 
or shortly after the first blooms appear. (Sec Table 3.) This conclu
sion is reached by taking into account the following facts: (1) The 
minimum developmental period of this generation is 14 days, to which 
must be added the minimum preoviposition period of 6 days for 
ovcnvintel'ed weevils, and the 5 days that must elapse between the 
inception of the fruiting bud and the time it becomes suitable as 
food for the weevils; (2) from 25 to 26 .days is the minimum length of 
time (after the inception of the fruiting bud).ill which a square will 
bloom. 

DEVELOPMENT OF WEEVIL IN COTTON BOLLS 

The d('vClopmentlll period is greatly lengthened in bolls as compared 
with thnt in SqUtU'l3S. In young bolls it is shorter than in old ones. 
During the 3-year period it ranged from 17 to 94 days, averaging 32.31 
ftom :no 1'('cords. 

The averuge developmentnl period in bolls of approximately 32 
days, when compnred with the length of time it takes a boll to open. 
(which is about 40 days for early bolls), indicates that at, or shortly 
prior to, the op('ning of the first cotton in Ii field the we!'lvils will 
begin to emerge from the bolls in that field. When an infested boll 
opens, most of the wl'evils developed in it are mature and ready to 
emcrge or have already issued. Cases have been noted, however, in 
whieh weevils wcre still in the larval or pupal stage when the boll 
opened and were thus exposed to natural enemies. On the other hand, 
when a weevil matures before the boll opens, it is often able to cut 
its wny out. Dl'ud weevils have also been observed in bolls which 
had hnrdenl'd and never opened, showing that they had died without; 
being llblt> to got out. 
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EFFECTS OF TEMPERATURE AND HUMIDITY UPON WEEVIL 
DEVELOPMENT 

During three years it was found that the period of development 
in squares under field conditions ranged from {) to 60 days. Most of 
the records l'nnged from 13 to 23 days, the periods reClm'ing with 
greatest frequency being those from 15 to 20 days. Individual records 
of 16 days were more numerous than those of any other period. 
(Fig. 32.) When the weevil went through its transformations in 
from {) to 22 days, the average mean temperature for development 
rnnged from 80.220 to 84.140 F. In general, with n decrease in the 
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NUMBER OF DAyS OF DEVELOPMENTRL peRIoD 

FWUlu: 32.'- n:lnge in length of d~wlo{l",entlll period of the boll weel'il in coHon SflWlres in !lie 
field. and the Humher 1)( recordS of dHTeruut periods cor:tpu.red with the nvernge menn temper
nLure and n\'erag:u menn rehltiYu hllmidit.y; Floroul'C, S. C., 192,1, 1925, nnd IH26 

mean temperature, thero was a lengthening of tho developmental 
period. H.owevcl', there was !1 considerable rlmge in the length of 
the period of development at the snme menn temperature, ~howing 
that there was n variation dependent upon some other factor. 1vlean 
relative humidity between 68 and 77 per cent n.pparently played a 
srnnll part in the length of the period of weevil development. 

LIFE CYCLE IN TilE INSECTARY 

The life cycle of the boll weevil in the insectary was determined 
hy plncing pahs of adults in glass tumblers, in the bottom of which 
dampened sphagnum moss was kept. Such weevils were under 

rfrdaily obsCl'vntioll dmin three seasons and were provided at all 
times with freshly pickec squares. 
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LONGEVITY 

The uverage .longevity of the boll wHedI under these conditions 
for threc yeurs is shown in Table 10. For 380 males the ayerage 
'WitS 64.39 duys, und the maximum, including hibernation, was 250; 
Jor 386 females the average wus 57.79 days, and the maximum 140. 
The yearly average for males runged from 70.54 days in 1924 to 
59,17 in 1925; and for females from 63.33 days in 1926 to 49.88 in 
J 925. First-brood males lived for the longest time, the averuge 
being 73.21 days, whel'cns second-brood females had the greates/; 
loogf'vity, averaging 65.] 6 dnys, The shortest length of life was 
Jound 1'01' fourth-brood weevils, the aVE'l'nge being 26,43 dllYs fo/.' 
HlltiCR !lOci Hi.73 1'01' females, 

'I'AIII,8 :t O.-1.J(Jn(JcU'ily oj the boll 'Weevil in turnlJlcTs in the -£nNCClctT?/, FloTence, 8. C., 
1924. 19B:i. and 1296 . 

"--~--.. ---,..----------
Females 

Yenr ·1 Number oC-
Nllml!ero(dnys Numhero[- Number oC rluys 

longevi~y longevity 

----·I--:-----.-·I--.---I--~-....---
Rer- 'Weevil AVcr- Mllxi- Mini- nee- Weevil "h'cr- lVT'lXi- 'Mini

_.....---~"'""'___.___, ords I days ~.:::. lllurnl~ duys ~~:_l:~~ 
IO~·I J 12 1,2·1:1 103.58 If>:! 50 ].I l,O(jJ 75.7D 113 27 

(IV '1 1 'I . JU2i I 37 ], ill2 ,,~. 4a J 10 a 42 J, fin ai.43 9() Ii 
{or\\ n "rt(. . • -: 1020 11 \lar. 85. 00 JI~I to 12 8.1:1 (i\).42 lOr. \Ii 
; 1\12·1-111211 IU) :I,!lill Iifl.17 Jtl3 a 68 :1,46G 50. D7 11:1 fl 

1U2-1 53 a, flUD liS. OIl J3:1+ :1 57 :I,13D 55.07 ]:14+ 2 
• 1IJ25:n I, Mia 5S.48 Jall+ 2 33 1,418 '12.97 ]40+ 2 

I'ir" . ...... . ..... If 1\121i :~! 3,14:1 95.2,1 119-1 13 3<1 3,18-1 oa.65 120-h fI 
i 1U2·H!l2fl 117 ~,5115 n.2l 1:19+ 2 12·1 7,7·11 02. '1:1 ]40+1 2'f 102·1 Ha 1,9·" ,'>8.82 128+ 2 20 2,052 71l.71i 110+ 2 

};flc'oml.. 1 HJ2{i ~m:i, 2-t:{ 75.42 107 14 43 2,822 (iE). m~ .107+ 12 
. ~~. W~O 52:i, :JtH 08.54 Uj+ .12 r';l iJ,271 (it 72 U7+ Ii 

j 1112·1 ·1\l2il CIS 8,7'IS 08.34 12S+ 2 J25 S,145 05.16 107+ ~ 
'{ W2·1 12 Ollll 5S.25 80+1 11) 12 ilJO 65.8:1 80+ 5 

'I : I\J25 21 I, 140 47.50 7:1+1 7 24 I, 271 5~.1l6 15+ 2 
l'hin .•. 1026 II flOr. 55.00 70+1 5 11 ,520 '17.82 78+ 17 

. 1112·H021) 47 2,444 52.00 8U+: 5 47 2,587 55.0·1 80+ 2 

j.' lurlh i{ n:~1. ___ .~. ____ ~~:__~~~~~:. --:~J--~~- ____~_____~:~___~~:~:____~~~ ____~~ 
, ....... -. IIJZII 22 ·10 2. Zl 4+ 2 J.I :m 2. ill 10+1 2 

jlU2.J-1U211 2S, i4U 2It'13. 250 ( 2. 22 368 1Ii.7:l 511+ ~ 

.{ 1(;2·1 lW~j7ii:54 250 l--;-rTIf120 7'3711~""'1:i4+-;
'I' I ., " JIJ2ii lao 7, ilKS I 50. 17 1:!Il+1 2 H2 i,083 411.58 HO+ 2

oln ("" vLruge 1Il211 12\) 8, ~~JI) M.:ll lila 2 12·1 !Ii i, 85:1 !l3. :1:) 120+ 2 
i 102·1-11120 :180 24,407 IH. au 250 I 2/ a80 22,307 5i. i9 J.lO+ 2 

'With the cxecption of the overwintered Ll'ood (of wIDch one mule 
livecl long cnough to be placed in hibernation the following fall in 
1924), It larO'c Pl'opol'tion of the weevils kept in turnLlel's wel'e I1live 
at the pnd or the season. This accounts fo]' the dHference in the avel'
ng(' longevity oJ the difl'el'ent broods, with the exception of the over
wintcred bl'Ood, the late-emerging weevils having a shorter time to 
liv£'. befol'('. frost. All weevils alive Ilt the end of the season werc 
pln.(\ed in hibel'lln.tion to see if any would sllrvive until the next year. 
In] 924 each pail' of weevils WIiS pI need in Spanish moss in a cylinder 
of wiJ'e. These eylil.ld(\l's Were t.11 buried in a hea;p of pine stl'awo ill 
It eligl' locltted in the woods. The following April the cnge WIiS exam
inod llnd two mule:,.; of the fOlll'th brood wcm foulld l.live, These 

Q 'l'hls i8 .\ ('(IIHIII01\ lInd "ory npL lerm uS(Jd in tlw South (or rullou pinn IOllves, 
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were fed on cotton leaves but died in a few days. The next two years 
the II-eevils were placed in hibernation cages diL'Cctly in the pine 
straw when the first killing frost occurred. None survived the 
winter. 

PREOVIPOSITION PERIOD 

The preoviposition period ill the insectary is shown in Table 11. 
The average was 8.24 days, with a maximum of 42 and a minimum 
of 1. This was determined from 327 females during the three years. 
The yearly average ranged from 9.86 days in 1924 to 5.81 in 1926. 
The longest average pl'eoviposition period was 13 days for third-brood 
females and the shortest was 6.4 days for those of the first brood. 

TABI,f) ll.-Preoviposit·ion period of the boll weevil in tWIlli>lers in the insectary, 

Florence, S. C., 1924, 1925, and 19la 


Number oC clays before NluuberoC o\"ipositioll 

Brood Yelll' 
II- '1 \ "(' I , ..Records enYI "ver-'", [lXI- I "ItOt

. ____1___ dn;sa:tl_~ ~ 

Overwintered_____________________________ ... ______ I{ m~g I ~g ~~~ t~j~ ~ ~ 
H12·I-ID26 46 520 IUO I 23 4I1024 47 ' ~OO 8. ~O I 14 4 

FirsL_______ --._______•___ .----- . ,,-----------
{ 

l~~g ~~ I }~X 1,: &'; ~ ~ 
102·1-1026' 105 672 0.40 14 3 

Second _____________________________________________ { l~~ I ~~ m ~:~ ±~ i 
19n:;.10261 l';~ f;ri 1~: ~~ ~ ~ 


7hlrd, ____________~_______________________________.. { l~~~ I i~ 3~71 1~: ~~ i~ 1~ 

1024-1026; 41. 533. 13.00 41 2 


I"ourth______________________ • ______ . __ .,______ .... { l~~~ 1------;- ----~:~- ..:~~~-;-----:~- -------~ 
lII24 -1026 13 I:l7 10.54: 42 1 

102·1 ,- 1021' !.' (JOG ----;;;O:--:i2
l
--1 

Total or Ilvcmgc____, 102.1 107 I, CO:; \ O.:lU· 21 I 2 
-- .... -- ... --- .. ----. 11120 liS' 0';;. j 5.~1 I 23 1{ 

1021-I!~OI_ 327\ 2, GUO l_~~j _~__ ._ 1 

(Tnlih wee,-ils tu the Held cages, those in I,he tumblers were pro
viderl ILt n.ll times with squares. Thus the \·a.t'iatioll in the pr.c
oviposition prriod of the different broods in the insectary was not 
dll(' to any inOuenee thn,t the fruiting chametNistics of the cotton 
pillut might hnxe. The preoyipositi(lll pf'riocl of the o\fenviutered 
brood was com;ic\erably longer tlum that of eithpr the first or second 
brood, owing to the Jllet thnt these wecyils wpre provided with very 
srnall squares nl first untilltu'ger ones were availnble. As in the case 
.()J the' first and second broods in field cages, the Ilverage preoviposition 
period was much shortrl' 1'01' these two broods than for the others 
and there was but little difference between the two. It is clifI:icult to 
('xplHin the grN1tly lengthrned preoviposition period of the third
brood females in 1924 and 11:)25, us eomparcd wi.th that of the other 
broods Or cyru the Slune brood for 1926. It was noticed, however, 
Ihatin both 1924 Ilnd H)25 the third-brood tumbler series was started 
in lalr August. In H)2G this series was started carlier in August and 
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FECUNDITY 

The itvCl"Ilge number of eggs laid by boll weevils in the insectary 
was 120.95, and the maximum 423. This was ascertained for 328 
females during a period of three years. (Table 13.) The yearly 
average ranged from 149.61 eggs in 1924 to 85.86 in 1925. The 
fecundity of the overwintered weevils was the greatest, as each weevil 
deposited an average of 219.98 eggs, while that of the fourth brood 
was lowest, with an average of 4,.92. 

'l'AIlLj,; 13.-I?ec-undity oJ the boll wee~>il in tumblers in the i1lsectary, Florence, 
S. C., 1924,1925, and 1926 

Number or-I Number or el(gs lnid 
~ per female • 

,Brood Year -,,-----..,.--
J{cc· J Avcr- ~[nxi- l\lini
ords Eggs age mum mu1U 

---'-'--"-~~""" '-"~------i--- --- -------
l'{ 1112·\ 14:l.828 :17:l. ·\3 ·123 48 
" IIY.!5 20 3, 82:1 tilL 1,; a06 18Overwintered ••.••.. 

·.. -···-"···············11{1IYir~i026 1~ ! I~:!~ m:~ ~~ ~ 
FirsL... _. __ llY.!5 261 2.717 101. ,,0 2411 3 

.... • ..... •......... 11126 3.1 0, 891 ~'08. 82 387 L 
HrJ·I-1926 106 18,0116 170.72 :l87 11024 2. ;,H7 U8. 73 626 207 

1\r.!5 42 2, !!73 54. i2 J78 lSe<.'OntL 
' ........... -..............I{' ItJY:~U26 &\ ~:1;~ ~~~~ ~~ i 


1024 1010 328 32.80 57J02" ~'O 460 2"J.OO 46 3 
'I'bin!..... ... -.- ....................--....•..-{1Il'1t~!J'J6 it gr: l~g:~~ ~~ ~ 

'Fo"urtb {l~~ .___..:. _._..:~. -..~~~......~J....._.: 
_.... .... ..... - .....................-..... 1!I'~6, 8 15 1.88 3 ' 1 

I!I'J4-IIt.1' 13 64 4. !l'J 33 I J 

l{ 19'14 J02 r 15,260 149.61 423 f 1 
lOS f \1,273 8.;.86 :106j I'fotal or "\ernge. __ .............. ___ ............. l~~, 
 118 ' 15.138 128. 29 :187 ' 1 

IlfJ4-1926 3'lS i 311.671 120.95 423 • 1 

-.---.-.~~-.------..:.....--'-----'-----'----

TI\(, feeuudi ty of the overwln tered weevils was greater on an average 
thllll that of the other broods. This was partly beeause this was the 
only brood that {,o[~lpleted oviposition in the tumblers, oviposition by 
the' httpr broods belI1g cut short by death of the females. 

RATE OF EGG DEPOSITION 

An average of 2.3 eggs per day was deposited by female weevils in 
tumblers in the inseetary. This was determined during a 3-year 
ppriod from the records of deposition of 39,t:n eggs. (Table 14.) 
The yearly average ranged from 2.68 in 1924 to 2.02 in 1925. The 
higbest daily !lVerage was 4.24 for overwintered females, and the low
est wllsO.81 for those of the fourth brood. 

] t will. be noted that the daily rate of egg deposition decreased \vith 
('!l(·h brood. This was due primarily to the effect of temperature, as 
isindi('atcd by the daily records. The cooler the senson, the later the 
w('cvils pmerged, and this tended to reduce the average rnte of ovi
position pel' duy. 

http:wllsO.81
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TABLE 14.-jlverage number of COgs laid per day by the boll wecrril -in tumblers in 
the insectary, Florence, S. C., 1924, 1925, and 1926 

Weevil . Averoge
Brood Year du~s Eggs hud eggs IlIld 

J per dny 

NU1llber Number NU1IIber 
1924 838 3 828 4.57 

• 19"-5 955 3; 823 4. 00 
OverwIntered ••••••••••••• ••••·••••••••••- ..••••• •••---••••••-.1{ 1926 5U3" 468 4. 10 

19'24-1\)26 ;. ~ Iii: 110 4.24i{ 1924 ., 45. 8, 488 3. 46 
Hl25 1,1121 2,717 2.44}·irst........................................................... 19••1'492.6 2,914 6,891 2.31i 

1026 6,478 18,006 2. iU 
.1924 1,757 2,567 1.411 

• • 1925 1,853 2,2i3 1.23 
Second...........................................__.........__• 1~.~261"26 3,0'25 4,4i8 1.48{ 

""'.... ., 6, 635 0, 318 1. 40 
1924 575 328 .57 

·rhird ••••• " ...................-............................. ~::;~ ~ 1, ~ll:l £ ~~ 

I\l24· 111'26 1,674 2,074 1. 24 

Jlr24 63 40 •i8 

.I<'ourtl1....... " ................................................\ JlJ~1I'26 •••..··~r .......~.·..·..·:·~1 


f 
{ 

(1924 5, 1185 11j, 2602. liS 
,~ ., 't 1ll21i ) 4,581 O,2ia 2.02lOin! or U\ eruge............................................ 111'26 . 6, USIi .Hi, 1:18 2 • .17 

1 Ilt24-1Il'26, n,252 3U,671 2.30 

------------~.-~'". --------'---'---
LIFE CYCLE IN PICKED SQUARES 

The ch'veiopmental period of the weevil in picked squares in the 
insectary avel'Uged 14.42 days in 1925, with a maximum of 27 and a 
minimum of 11. This was determined from 486 records. 

OVIPOSITION BY THE BOLL WEEVIL. IN LAl'!TERN-GLOBE CAGES 

In 1926, pail's of weevils were kept in cages made by placing an 8
ineh ItLlltem globe over a tin plate .filled with moist sand, in which 
sprigs bearing cotton squares were placed. While the number of 
weevils under observation wns small, the average mte of oviposition 
1ll'I' dfLY was. 7.43, whit'h WitS considerably higher thun for weevils in 
the> tumblers and was Itbou t the Sllme as for those in field t'llges at tha t 
Li1JlC. The most striking l'esult was that one individunl deposited 531 
eggs nnd nnother {131, showing that the maximum fecundity of the 
weevil is H1u<"h higher than indicated by the records made in other 
types of cnges-nllmdy' 423 eggs ill the tumblers and 440 in the field 
<"ages. 

COMPARISON BETWEEN LIFE CYCLES IN THE FIELD 
CAGES AND IN THE INSECTARY 

A compltrison of the life cycles of boH weevils in field cages lind in 
1umblers in the insectary, as presented in T(lble 15, shows that this 
insect reacted differently iu the two kinds of cages. The length of 
life of the adult, the oviposition period, and the preoviposition period 
were shorter in the field cages than in the insectary. The total 
number of eggs laid by a weevil was greater in the tumblers, but the 
number of eggs laid per day was greater in the field cages. The weevil 
also pllssed through its metamorphoses in 3.88 days less time in the 
insectary than in the field. In the latter case the cause 101' the dUIer
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cnee was revenled by comparinl? the d(\\'elopment of weevils in pi('kcd 
infcst£'d Bquarcs kcpt in breerung cages in the insectary, in ffillen 
inf(1stl'd squftr£'S lc[t on the ground in specially built "square cages," 
and in [aUi'n infested squares placed in cages in the insectary. Thel'c 
WIlS no difr!:'rencc in the de\f(\!opnwnt under the last two conditions, 
showing that older II1lTIl{\ ltnd ItiSO pupal' den'loped the same, wheth('L' 
in I'lllil.'11 squarcs in Jil.'hl ('ages or in the insl.'('tary, Thc difl'('J'l.'nc.e, 
ttl('l'C'fol'c, was in t.he intubation pcriod of the egg and tll(' de\'piopmcnt 
of lhc young lUJ'Y!t bl.'[o1'£' the SqUiLl'!' [('11. ]f the lltU('!' WlIS pieked 
shorll,Y Ilftel' oviposition, there WNC no normal plant Ileti\'itics b('ing 
('HITied on, growth st.opped, the Hntiwrs wilted, nnd decllY S('t in. 
Whell til(' ,~rOlfl1g lillTlt /lIlt('hed, it found ol1ly PUl'ti,Y wiltod Hnd 
dl'('ilYl'd pollen fot' food im-lleltll oj' the fn'sh Illltlll'n; in tilt' ~qtltlre 011 
the p/Illlt. 

THILl'; Ifl. f'olllpllrl,wn o! ~hl' life ('!I"ll!.IJ! Ihl' bollu'('('l.il -ifljil'hl I'f/(I(W /I'/l(l1'/l (hI' 
il!'~('rl/lI'!I, f!ll,ren~l', 8, ('., I!Ul, l.'Jd5, (Lilli J!J!/j 

,\ vcruge \Iumher o( dul'S 

11ul" FClIlnlo 

Be(l\r~ O( 0\'\' 
(. ,,1posltion pusition 

In~\c'''' Iris,','· III!'Cl"Field tur) Field Field Ulry Fielt! lllry 

U\I>r\\ int(\n"l! I!I.:l!I r.n. Jj 
J 

Ift,OJ :iO. Ui S ')
' .• -I !iL~7 

"If'( rK~ 7:t~r 14_ .W G:!..t3 ,:-,.:,s Ill. 11:-It'('(IOII IV. (~I (~,;I·I I," \~l li:;.lIl n. fi2 t..l.:m'rhlr.] ~.).11J :'2.00 !!"l.!!t :,:;, t)( 1:1.27 ·111.>1:1F"Urth ):;. Xl ~Il. -sa v.w Jli,7:J (i. us 
~-.- ~ 

HI.:I~ [.1. :W l:i.H11 r,7. iU 7.21
J 

;\ vernge numher 
(l(!II1YS ()( 

de velopllh!l1t.Pcr dny
.BroOd 

Illl'('(" IIl,;ce· JIl~.W-Field i Field FleWlury I i tllry tmy 

()"t.'r\\ tnt('r.'11 111.44 219. !~~ 11.1;.1 ,1.24 " .... ~FJr$t. II /,/Wl 1;0. j2 n.4:' !!. iO 17. GO j.1. 24
:-;1'('(",£1 51.77 7(j.:iS 4.1·' I. ·10 .17.tki 17,112tl'lllrtt J 

~,:t!! nO.5U !!.'1'i 1.2·1 lU.7lS.Fullal! '--"·t9'l ..'il ~tt{,.) 
.---~- >,-->----.•-~>,-

lW.U" (t42 2, :10 1", ;!() 14.·12 

TIl£' I'{'('ol'ord flV('J'ng(' fl'eundily WilS gl'ell('1' in thp inR{'('t IllT b(I(llIusr 
f{'\\"('l' w('r\'iI~ W('I'(, lost, tlH't'(1 WitS less mortality dtll' to nfltUl'fll (>1l(,llli('''' 
which could not Ithmvs be pxcludcd from lh(~ Jirld ('llg't'S, Iwd, JlJore
0\'('1', UH'I'O was It high(>r nlttUl'lti llIortaLity ill the lutLpl' elll(' t.o ('ugP 
('.ondit lOllS. li]l)ough eOlrlplN(> I'P.eol'ds W('I'e seellred ill thr field ('IWPS 

to PI'O\"P (hll,( thl' lottd fpeundit,v WitS the slime in tl1(lSP ItS in [(1(' 
lUI.llhltll's, pl'o\'idpd the fpIllitll' Ii v('(I for what nppPlu't'd 10 be Ilf't' llltttll';ll
Iptlgtll or lifl', 
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The field cage, while admittedly not representative of field condi
tions, yet approximated these more closely than the tumbler. In 
the iield cage the female rarely laid more than one egg to a S(luare 
unless she had exhausted the supply of uninIested forms and the 
cage was not changed. In the tumblers many eggs were laid in a 
single square and often none in others in the same glass. In the 
lkld cage the weevil found the fruit of the cotton plant in its normal 
('.ondition and was exposed to about the same conditions as regards 
sunlight, rainfall, tempel'llture, and humidity as in the open field. 
In the t.llmbler there was never any direct sunlight, and the air was 
always moist, owing to the dampened sphagnum moss kept in t.he 
bottom of the glass. 

I,S.FLUENCE OF FOOD ON THE BIOLOGY OF THE 

WEEVIL 


The results of a comparison of the reactions of the weevil when fed 
only on bolls with those when fed only on squares are shown in Table 
1n. These records are based on a study of the first-brood weevils, the 
two series being l'un at the same time in the insectary for two years. 
The eOlllplll'isons of development are for all generations under field 
('onditions. ]l}xcept for weevil development, small partly grown 
bolls were used in this experiment when possible. As soon as older 
holls were used, the weevils stopped egg deposition, and nutny died. 

TAlIl.~; HI.-··Effcrt of nature of food on longevity and ovi7100'rition of the boll weevil 
in tumbler,~ in Ihe insectary, Florence, S. C., 1925 (mel 1921i 

t I ,A\~ernge numher -1\ verugt' number or; I o( days longe"ity dnys- Average Average
! Numher number number 

I 
o( i ' o( eJ(gs o( eggs 

re('ordS i. n~(or" ·o( 0\'1· laid par laid perI' 

!. I Mule }emnle ()'~l~'::l' }losiLion (emilie I~ 

.......1~···~i \I-;:;I~'~-';-;;i 08.22 102. 85 1 2.39
~'lllUrco~ 
Uulls ........... l.___.~. __~:.~~_. Mi.43 5. Ii-! 4U.88 54.78 1.10 


Thl.'re was considerable difference in the longevity or the two 
S('X(>fl in the two sCl'ies of cages, the males fed on squares living longer 
than th(' females fed on squares, and the reverse being true when bol!!; 
w(,],p fed. The weevils were all longer lived when squares wem used 
for food thfin when boJJs WBre used. The preoviposition period was 
somewhat .Ionge]' find the oviposition period much shoder when the 
ff'nutl('s w{'re [oreed to feed upon bolls rather than squares, . The 
~]'('Ilt('st diif(,l'el)('(' was found in the fecundity, which was much lower 
for boIl-fpd h'mitles than for those fed on squares. Not only were 
I('wl'J' Pggs .laid, but the daily rate of oviposition was lower. Tlle 
f1.bo\'('-d('s(,J'ib('d expl'riment was not representative of field conditions, 
so fill' as the biology of the adult weevils WitS cOIl('.crncd, because some 
sqUIlJ'l'f; were IllwllY~ prescnt on the plants upon whieh the adults 
could f('('d. 1t did show, howevcr, that an nbundlln t supply of Sf] UIlI'CS 

W!l:i J\('('Plisnry foJ' til(' shortcst period of deve]opmeu t and grelltest 
Iletivity of the weevil. 
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COMPARATIVE BIOLOGY OF FALL-MATED AND 

SPRING-MATED WEEVILS 


In 1025, 12 femalcs were placed in tumblers immediately after 
emergence from the ru.bernation cages and kept isolated from males. 
The females selected for this experimen t were those taken from cages 
from which no males had emerged 011 that day. Two of these were 
mllted July 14. The other 10 were not mated, but inasmuch as all 
of tlwm deposited fertile eggs from which normal adults developed, 
it seems evident thlit fertilization Look plaee prior to the beginning 
of hibc/'llation the previolls fall. It is also possible that the two females 
1>11il'(\(l with mules were fertilized in the fall before going into hiberna
liOll. A comparison of the biology of the females uncler the two seLs 
of ('onditions is shown in Table 17. Of the llO adults reared, 64 w('J'e 
males and 40 f('malcs. 'rhe average' prcoviposition period was shortet' 
for [PlllltiPS without males than for those pl!lred, fewer eggs we're 
([('posi ted, Iwd these ov('r !L long-Ct' p('riod of tiJll('; and in addition the 
IlvcJ'Ilge rate of e~g deposition pel' dlty was lower. The average 1011
gt'vityof the sprrng-Illllted females Wl1S mllch shorter than of those 
plLil'ed only in the fall. This experiment shows that the female 
weevil may be mated in the fall Imel deposit fertile eggs the following 
spring without Ildditional eontaet with any uiale weevil. .It is thus 
possible for one female boll weevil to stUl't an infestation in the spring 
in fL field of ('oUon. 

'r.-\IILg 17.-C'otn1Jarative lO1L(lc"ily and O/TipOh'1'tion oj Jr'l/U1lcs oj the boll 10cevil 
mated inJal~ and oj those 'll!ated in uothJall ami spriu(I, {I'lorence, S. C., 1925 

~ ,-"~.,.~~--..--~~-~~-.....-- -......,-+~~-~""'. -	 --

' I' A "erage 	 A verugo . ,I A "crage 
I A \·ern~c preoyi- ()v[.po$i~ ~,\~rnge egg~ de-

I Records IOngeViLYI positIOn tlOn eggs per . puslted
period period female. per day

I 	 i 
'''''-'~~'~--~' '''''''''''i---i--- ,. -.-.----,-~ ., 

I
NILIII/lfr I Davs 1 Dav., J)IIY~ Nwmb<r INlLmber 

1'1l1r!1l1 IUII1!llcs., ...... --................ ~'O I I :17.43 I' 11l.25 -17.75 101.15 4.00 

jo'emnles lIot plllr",!. ... ..	• ... ...... 10 711.2 7. \1 U4. R 110.5 I .1. 40 

__ ._~ 1~ _. __ .__..... _~ .. _ ,___. ' I 

DISPERSAL 

The rnigl'tltio!) 01' dispersal of the boll wecyil has been stl}died by 
rrwnn" of scre('n traps set up in .01' neal' cotton fields. (Fig. 33.) The 
dptnils of COllstJ'u(:tion of these saeens and the method of their 
oxarnination have been deseribeel in It previous papcr.1O 

In rach lipid where It screen Ll'Ilp was located, weeklyexl1ll1inations 
W('!'(\ 11111(\(\ in small plot;; to S(,l've It!,; a basis fOI' esLimltting Lhe number 
of \\'(\('vils present, InfestllLioll eounts were made Ilnd the number of 
squill'('S on j;lw plant,s noted. The weevil counts were made to deter
min(' the p(J'(\(·t of weevil population on flight., and the infest,l1tion 
I'('eords \\'('1'(\ made to det,Pl'lnine the ('{feet of relative abund!lnCe 01' 

II1('k of food and bn~eding pillet'''. The direction of the wind was 
obsNved in orclN to asm'l·taill its jnfitU'nce 011 weevil dispcrsili. Life

10 Ft:NTON, ~'. A., nnd !)\TNNAM, ~~. W. 1)IH,·t:It~A', m','m: COTTON-ItOLI. Wta:VIL, ANTUONOMUSGIIANDIS 
nOH. JnUr~ Agf, I{usenn'h an; .l;ir,..HU, ilIus, lU~. 

330{l5°-2{l-4 
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history notes provided data as to whether or not the migration was 
correlated with the biology of the weevil. These migration screens 
w~re usually set up in June or July and watched until frost. The 
l't'lcords obtained from the screens were checked by observations made 
in the trap crops, which had been freed of weevils early in the year, so 
any infestation in them was due to migratory weevils. A weekly 
infestation and weevil count in these plots therefore gave an index to 
the time when the weevils were flying about. 

DAIL Y WEEVIL FLIGHTS IN 1924, 1925, AND 1926 

The daily catch of weevils on the screen traps for the three years, 
1924, 1925, and 1926, is shown in Figure 34. In 1924 only one tmp 

.FJUultt: 33.-Screen trnp lL<;cd in boll-weevil-dispersion studies 

was uIlde~ observation. This was located in the center of the field 
where life-history studies were being conducted. The field was 
lightly infested early in the season but became very heavily infested 
Jaler. The screen was set up July 29, the first weevil was captured on 
it August 7, and two were caught August 18. The main migration, 
however, did not start until August 24. The following day was much 
cooler than normal for tlus time of year, a maximulll temperature of 
83° Ii'. being re(;orded as compared with a maximum of 88° the day 
bC'foro and 95° the day following. This temporarily checked the 
flight for 24 hours, as 110 weevils were caught on this date. On August 
26, 17 weevils were eaptured on tho screen. 'rhe greatest n lim bel' 
WC'I'(' taken frolll August 26 to September 1. DIlYs on whieh unusually 
IUl'g(' clLtehes WPl'O J'ceoJ'dod Wl'I'O August 2u, 27, iLnd 30; y<>t eom plll'B.

tively Itu'gc Jlumbel'S \'1('1'0 ellllghL nL duren'IlL dlLLes ufter these ulltil 
the 11L.4L I'(~eoI'(IJ Nov(,IJlbol' 14. 
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Dispersion WitS stlldiod in 1()25 by me.nHS of 8 screen traps, {l of 
which W('J·(\ sitllated within cotton fields, and.2 outside and at Sflme 
distau('(' from any field of this crop. .Migmtion began at IOllst as early 
ns .July 17 this y('ar, owing to IUl unusually heavy infestation, but 
ended (,Ilriier, the last weevil being taken from the trap October 2J. 
The heaviest flights <:Ilme from July 18 to September 5, but, as shown 
in Figure 34, eonsideJ"able numbers were taken after this time. The 
dates On which the greatest numbers were removed from the screen 
in 1925 were July 24 and 28 and August 6 and i. 

In 1920 there were 13 screen traps under observation, 10 of which 
were locl1tedwithill cotton fields and 3 outside. The weevil infesta
tion was light this year, and in spite of the fact that more screen 
traps w('re ll1HIel' operation than in 1925, fewer weevils were caught; 
11180 the mn.Ln Jlightmo\-ement started later. In 1926 the SCreens Were 
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SI:'[ Up lnt(' in ,Tull(" lit lem;t three wo('ks earli('f thun in ]925. The 
first w(\l:'vil WIlS ('nptufed Jllly 7 Ilnd tho last OetO/wI" 20. (Fig. 34.) 
'I'll(' h('lwl('st flight J11()V(,Jl1ent enme from August 28 Lo September 29. 

During (h(' thf(,1:' yeafs th(' actuul size of thl:' screen trap wus the 
SILIlI(', so til(' 1\.Vl:'rnge ('llteh pel' Lrnp gin's a fnir comparison of the 
('xt('nl of til(' migrn.(ofY flight movement during this period. In 
1024, HlD wP('\'ils wer(' ('lIpturcd in one screen trap, but this was 
locutl'd in an UJJuslIully hra\-jly infested field. In] 925, Si5 were 
n'mo\'('(1 ffom til(' () tfnps ill <'otton fields, an llv('rllge of 145.8 weevils 
pN $e-f('.NI. In H12{), 445 w('(wils W(,I"O captufed on the 10 traps 
lo('atcd in cotton fi('lds, the average per screen being 44.5. These 
figufe's indiC'II[.(' that the w('('.\il disperslll was considerably lighter in 
192{) than in 1024 nncl 1925. ' 

In both 1025 and 1(}26 there w('re scre('n traps located outside of 
cotton fiplds.\Y('(·\'jl dispel'slIl was so heavy in 1025 that it was 

http:e-f('.NI


52 TECHNICAL BULLETIN 112, U. S. DEPT. OF AGRICULTURE 

possible to tmp weevils on these, showing that the flight movement 
was taking them frOll1 field to lield. As would be expected, smaller 
numbers were caught on these traps than on those located in cotton 
fields. In 1926 very few weevils were caught on traps outside of 
cotton fields. In that year one screen was located on the roof of a 
2-story building, 30 feet in the air. One weevil was caught on this 
trltp, which shows that weevils may fly at least 30 feet high. 

TIME Oft' DAY OF FLIGHT 

Collections were Illude from the screen traps twice daily in 19.24 
and 1925 to determine when most of the weevils were in flight. In 
July Il',nd August, 1924, 41 were caught in the morning and 9 in the 
ufternoon; in September, 25 in the morning and 22 in the afternoon; 
in OctobOl·, 9 in the morning and 43 in the afternoon. Seventy-live 
were efLught in the morning, 74 in the afternoon, and for 50 no data 
arc ILvnilllble with respect to time of day. 

In 1925 more weevils were in flight in the morning than in the after
noon lip to September 15. After this time a few more were caught 
Oll the tmps during the afternoon. Four hundred and ninety were 
c/lught in the morning, 367 in the afternoon, and no records were 
obtained for 55. Iror the two-year period, 565 were caught in the 
morning, 441 in the Ilfternoon, and no records were made for 105. 

INFLUENCE Oft' WIND ON FLIGHT 

In 1925 und 1920 .records were mude of the side of the screen from 
which the weevils were taken and of the direction of the wind in the 
morning and Ilfternoon. A total of 1, 359 weevils were caught on 
the SCI·cell tmps during this period. No records were available for the 
sides of the sereen from which 83 were tuken. A total of 37.46 per cent 
of the weevil" were caught OIl the windward side of the traps, (Table 
18.) The percentage of weevils taken from the windward side from 
day to day ranged from 22.22 per cent when the wind was from the 
sou th to 57,35 per cent, when it was from the sou theast. It is therefore 
uppllren t lhll t modemte winds do not inftuenee direction of weevil 
1light. 

TAllLg IB.-Hellttion oj direction oj wind to dispersal of the boll weevil, Florence, 
N. C., 1925 and 1926 

Wee,·ils ",ught on various sides o[ screen 
Weevils caught on 

Jlircctlou or wind ~, . .f ! Total windward side of 
scroon

1 North I' South !. Hast West !t;nkno:vJI

------1 !I'umber 1-;;::"00 : NU1llb~r Numbu INUIll~r Num~r "VU11lbu Per <tnt 
North ··--•• ·--------t 35 33 42 2U I' 4 143 35 25.18 
Northea",l. _."" .•• _.' 21 27 19 2'J 2 98 ~O 41. 67 
Northwest 12 12 12 6 I 43 18 42.86 

~b~N:..~t ~ ~~ ~I ~ 1 It ~~f ~ ~:~ 
Southwest. 11·1 HI) 10i 120 t 58 W'! ?.!\l 50.89 
I-:ns1.. ~._~~~.,... S 10 13 2'2 ] 1 ftt J3 24.[,3 
West ....... _ _. i ·1 9 9 I 1 30 9 31. 03 
('111m _.,, _____ .",-_ 20 9 26 .15 Rl i1 ••••---.-- --.'.'-••• 
l"nknown_____ . ____ ••••.••• -._. 3 4 2 ••••_._. __ ___9_1-___1___ 

'rottLl .... __ . . i--:iu!--:m r 3:l3 l~ 83 

1 

1,35U 4i!l 37.46 
___________' _____ 1 1 I 
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PROPORTION OF SEXES TRAPPED ON SCREENS 

During the three years that the dispersal was being studied, 1,599 
weevils were removed from the screen traps; 885 of these, or 56.77 
per rent, were males; 645, or 41.37 per cent, were females; and 29, 
or 1.86 per rent) were not classified as to sex. 

ECOLOGICAL FACTORS INFLUENCING DISPERSAL 

PHYSICALIFACTORS 

In an attempt to determine the cause of weevil dispersal by fiight, 
th(' physical factors of temperature) humidity, and rainfall were 
stuc\tcd. 

TEMPEItATURE 

Tn a previous pllper ll the fact was pointed out that during 1924 and 
1925 U.'mp('mture influeuced weevil dispersal, but only alter it had 
started. An u.dditional year's records have strengthened the con
elusions l"l'llehed in that paper, namely, that the eurve of weevil 
flight activities did not correspond to that of t~mperature. The 
coriJicil'nt of eorrelution between maximum temperature and weevil 
flight in 1024 was+O.3533 ±O.08752; in 1925 itwas+ 0.436±O.088836; 
and jn J026 it was+O.16943'±O.09430.12 This indicated that there 
WitS some correllltion between maximum temperature and dispersal, 
but lhatit wus not marked, especially in 1926. The effects of mini
mum and meun tl.'mperatures also have been studied, but the results 
indirate that the, effect of maximum temperature was the most 
important. Dispersal was checked by unusually cold days. 

MOISTURE 

During 1924 und 1925 there wus an apparentnegative correlation 
"l'tween meun relative humidity Rnd dispersal, but this did not 
hold true in 1926. Heavy rains corning during the day prevent~d 
w('l'vil flight. 

mOTle FACTORS 

The possible etrect of weevil population, infestation, and square 
prod udion during 1925 and 1926 on weevil dispersal is discussed in 
till' purllgmpbs that follow. 

SQUAltE PRODUCTION 

The cotton plants stllltcd setting squares late in May, 1925, and 
early in June, 1926. From these dates up to July 13, 1925, and July 
J5, 1926, there was a very rapid increase in the number set from week 
to week. This was followed in 1925 by an equally rapid decrease in 
the number of squares borne by the plants until August 12, and after 
this a continued but more gradual decline until the lowest count was 
rC('orded, on Septcmber 8. The peak of square production in 1926 
WilS rea<:hed July 24, and after July 29 square shedding was not so 
rttpid us in 1925. In 1926 the low point in square production was 
reMhed September 16. During both years, after the low square 
('ount recorded in Sept.ember, there was 8. slight but noticellble in-

II ~'Y.l'ITOS. ~'. A., and Ih'NN,\M, 1';. W. Op. cil. 

l' The :;ewnd putt 01 the nmnlXlf rcprc.sents the standurd error. 
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{'reuse in tbe llumbp,' of squllres produced hy the plants. In 1925 
there was a gradual decrease in fruiting again ufter October 6 until 
the end of the season, with the exception of November 3, when 11 

small lTHTPIlSe wus recorded. In 1926 the trend for this period was 
for the squnrp production to in('rease, except for tho average of one 
w('('k's r('cords on October 14. 'rhe ('hief difi'erences for the two years 
were. thllt there was an average of more squares produced by the 
plants in 1025 than in 1926 and that the square shedding was 
more rltpid dudng tbe fomwr year than during the latter. Otherwise 
there was very little diffeJ'('nce in the fruiting of the cotton plan t3 
during the two years. The weekly catch of boll weevils on the 
S(T('{'ns, howf'ver, 8hnwed thllt tIl(' dispersal ('ame at a different perioel 
during the two SPllsons, so thpse two factors were not dosely con-elated. 

In 11)2G then' \VIIS I). V{'l'Y rapid incr('.Ilse .in the weevil population 
ill all ('otton lipids during .July, a high peak boing "Mohed July 27. 
AftN this tlH' numlwl' Wlln Ipsl'l and tlwl'e were weekly fluctuations. 
A ~('eond high peak was recordod August 31. On the othct· hand, in 
1\)2(; there \\,(,1'(\ (',ompamtiv('ly fow ~veevils present in the fields 
until Into August, the grcl1Lost, number being recorded September o. 
Tlwre w{,re not only f{'w{'l' weevils present in thp. fields in 1926 than 
in 1025, hut the mujorit.y of them were d(weloped much later. In 
L925 the \\'(\('vils multiplied cH,dy when plenty of squares were on 
the pllLIlts for reproduetioH. In 1926 the cutton plants were able 
to s{'t It full (~l'Op of squares, which bloomed and set bolls before 
wt't'vil!-l b('CIlITlO llUllwrous. No ('orrelation was noted between the 
JllllllbC'l' of woo\'ils in the fields and the period of their dispersal. 

JIII025 th{'r(' WliS II ll1odemt('l.y high infest-a tioll of 13.7 per cont 
on .JUIlO lS, wh('J1 tlw first ('ollnls weI'{'. lllade,l;! 'rhis inereased 
l;lightly I.() nil nv('!'ug'(' of 14.8 p{'r cent on .JUllC 22, and from tl~is date 
I () ,'lily 7 Uwre \\'n~ a \'(\l"Y slight c\N'l'('ase, the perc{'utagc of lllfesta
lion falling to 11.2 011 tl1(\ IHUer duLe. From then Oil it increased 
Ilt It V('I'Y rnpid "[I[.e until it. Ilv('mged 54,a on August:). In 1926 
t II(' in f('stn lion WaS\'Ny low up to Augllst 12, 1l\'emgiIlg' less thall 
JO ()('I' ('PilL prior t.o this dull'. On August 12 it was 13,52 per cent, 
and incrrll"ed very rapidly nftrr this until p('n~e/lt,ll:ges of 66.34 Ilnd 
(jfl.15 \\'(,I'r r{'col'c\('d on Sept{'mi>er 2 /lnd I), reHpeetl \Tely. After the 
latter dal,rs til(' p('/'('{'ntng'n of inf(,Htation WitS less and showed COll

;;idrJ'ilblr wP('k!y f1l1t'LlIuLioll. \\,hile data Oil percentage of infesta
tioll wC'n' IIOt. illkrll ari('r August 3, 1\)25, yet it is possible to COInpnre 
lit(' t\\'o ('un'ps lip to this poi1lt.. III 1£)25 the infestation WIlS high 
(,Hd.\', alld befon\ the' ('ottOIl plants begun to shed mallY sqLJnre~, 
In 10:W i I Wll~ high aft('f' til(' plants had shed most; of the squaL'Cs. 
In tlw [o,·m(',· \,('11;' it \\'ns du(' to Il large weevil population which was 
prod lI('(\d ('lll'h~, bUl in t 11<' lait('1' YPIH n Jll ueh smaller weevil popula
tion did not '('ltUSI! 11 high inf('stntion until the number of squares 
bon1(' by til(' plllnts wus ('ompnrntively small. 

Thrre WIts 11 \"pry cvid{,I1L relation bet'n~cn weevil flight and pcr
('(\ntnge of infC'Htntion in both ,Will'S. Tn] 1)25 tho heaviest dispersal 

P\ ¥<:rllg!1 (lvtlliurd (rVln clJot'k Jllo!~jJJ ,\\'CQ\,j]-('ontro' experiments•• 
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came early, as a result or a high infestation directly after the peak in 
square production had been reached by the cotton plants. This 
was caused by large numbers or weevils present in the field at'this 
time. In 1926 dispersal carne late but was brought about by the 
same cause as in 1925, namely, a high degree of infestation, which 
in this year developed only when the number of squares borne by 
the plants became so few that the smaller number of weevils present 
could produce it. It was thus evident that the dispersal or migra
tion of the boll weevil was dependent upon the percentage of infesta
tion, or, in other words, upon the weevil population in relation to the 
number of squllres borne by the plants. 

DISPERSAL AS DETERMINED BY TRAP-CROP RECORDS 

Infestation counts were made in all trap crops for the two years 
to check up on weevil-dispersal data as obtained by the screen traps. 
In 1925 there was no infestation in the trap crop July 9. July 13 
all avel'llge infestation of 2 pel' cent was recorded,and this must 
have been produced by migratory weevils, since all overwintered 
weevils entering this plot had been removed from the plants. July 
] G the infestution had dropped to O.Gl per cent, and this increased 
to 2.83 pel' cent July 24, and again to 5.7 pel' cent July 29. Three 
days later, August 1, it had further increased to 20 pel' cent, showing 
that a cornparat,ively large number of weevils were coming into the 
field. 'fhe lust record was made August 5, when the infestation 
avernged G2.5G per cent. 

In 192(i one plot was located at a considerable distance from any 
other cotton, and in this the only infestation found during the period 
of tho examination from July 14 to August 27 was 4 per cent August 
If). In the other plot the fU'st infestlltion was 0.17 pel' cent July 22, 
no infestation was found July 31, and 0.17 per cent was recorded 
ngain August o. 'fhis illl..:reased to 1.07 per cent by August 12, to 
3(L07 pCI' cent August 19, and to 48 per cent August 27, the last date 
of ('xarninal:ion. 

The tI'llP-c]'op records corresponded very closely with migration~ 
sere(,n data during the two years and indicated that weevils were 
flying from field to field at least as early as July 13, 1925, and July
22, 1920. 

HIBERNATION 

The various facts about hibernation were determined by caging 
large numbers of weevils under different conditions as described 
below. The weevils were collected from cotton fields in the fall by 
the operator going down the rows of plants and vigorously shaking 
their tops into a large, heavy canvas bag. After being removed from 
the bag, the weevils were kept tempornrily in shell vials. At the 
close of the day they were counted, then released in hibernation 
cnges or transferred to battery jars 01' lantern-globe cages in the insec~ 
tary, where they were fed on cotton squares until needed. Usually 
they were installed in the hibernation cages within a few days after 
they were collected in the fields. A definite number were released in 
each cage over a tin plate. Any that were dead 01' too sluggish to 
have left the plate by the following morning were removed and re~ 
plaeed by vigoro1ls individuals. The cnges were of a.standard type 
specified by the Delta lubol'l1tory, Tallulah, La., being 4 feet square. 
(Fig. 35, A.) . 
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Flr.t:ltl:. a:i. A, f.'uges used iu ltiberuutiou studies; 111 hiberuution cages located ill u pine grove 
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In order to determine the effect of date of installation on survival, 
hibernation tests were begun at weekly intervals from September to 
November, 500 weevils to a cage, when possible, being used. Pine 
straw Ilnd a piece of an old log were used for sheltm· during the winter 
of 1925-26, ILHlI a combination o[ pine straw and cotton stalks for the 
two prc·vious winters. To ascertain the comparative effect of cWrer
ent shelters, onc 01- mor·o installations were made each year, not 1110re 
than 500 weevils being plnced to It cage, and such materials as cotton 
Rtalks, pill(' stmw, cornstalks, Spunish moss, oat strnw, and sawdust 
I){,lng used for sbeltl'r. For comparison in ellch series, weevils were 
rPiel1sed in one 0; ;lloro cages with no protection. A series of cuges 
WIlS lo('at('d in pir1l' woods near the .IaboratOl"Y during tho seasons of 
I !J24--25 !wd 1825-26 to determine the etrect of outdoor environment 
011 t lw SlI n·i \'111. (Fig. 35, B.) 

In tilt' sl)ri.ng , lISllltUy begining 11arch 1, daily observations were 
rnnde \;) Cetermine weevil emergence in the cnges. Temperature 
WflS drL('rrnined for cages in the field and woods by either n. self
reeording thennogrn,ph or maximlull and minimum thermometers. 
1t \Vns possiblp to aseertain whether or not early-emel·ged wecvils 
would rehib('rlllltc by wntching [or the reappearance of mudmd adults 
in the hib(,l"l1ation t:l1ges. 

Tlte' Lill\(' of nppclt!'allce of overwintered weevils jn eotton field!'! 
WIlS cleLpnnillcd by dllily observations in small i,soluted pntehes of 
('(JUno. Th('s(' wcm plllll ted eurly jll April where heavily infested 
("oLton hftd btwll the. yeur before, but nellr which no eotton would 
Iw planted thtlt partieular season. As soon as the plnnts came up, 
they were eXtllllined dflily and alJ weevils seen were colJected. These 
little plots were cultivated and otherwise treated in the same way 
that ft lllrge fipld of cotton would have been. 

SURVIVAL OF IDBERNATED WEEVILS 

'1'11(' ('oJllpn,mtive survival of weevils from hibernn.tion from the 
faIJ oJ 1922 to the spring of 1926 is shown in Table 19. It wushighest 
in the seasons of 1922-23 and 1924":'25, with pereentages of survival 
of 1 L05 fwd 6.5, respectively; !wd lowest in the seasons of 1923-24 
and 1925-26, wit.h 0.35 and 0.82 per eent surviving, respectively. 
The ILvemge for the 4-ycar period WIlS 3.27 per cent. 

'l'ABLI!: H).-8Itntiual oj overwintered IlOll 'lVeeuil.~ in cage telit8 at Florence, S. C., 
8/1F'i'IL!I oj 19:33,1.924,1925, and 1926 

,--, ~.~ - --,-~~ 

INumoor 'Number l'orcent
Hih\,rrllltioll sensQII ufWl'O\.ils ufwl'Oviis age of 

illstulled issued survivall
~-~-i---------

l~[~;:~:~~:. ;_:- ~:;.:.::~ :~_ ~~;~ ~~;:~;~:~; ~~::~~~: ~~ ~:~:~:~~~::: ::~~~ j :~~ fil 1, ;~~ l~~~~ 
,1 SO'L'O''''___ " . --. ~~_:__::~':.=~~~.=~-:~:~.:.:~.-" ..-._._' ___ '.__ .. --..I57:4iill~-:1.27 

COMI'AUATIVE SURVIVAL IN ..'ELD AND IN WOODS CAGES 

In J925 tlt(· sUI"vivlll was 10.98 per eC'llt ill ('ages loen,ted in the woods 
and ,.Iii 1)('1" cent in those in the Jield; in 1926 it was 0.43 per cent in 
the woods engC'l:) !LIld 1.2 per cC'n t in the field cages. For the 2-year 
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p<'riod the pNecntnge of survival in wo~)ds <'nges \\'fiS 4.31 fLnel ill Jield 
('ages 3.17. Temperature records tnken ill cages in the two situations 
in 1926 show that the uvemge IIH'an tcmper!ltUl"e froUl .Mar('h 24 
to tTuly 1, inclusive, in the woods ('ages WIlS 3.(j° brlow that of those 
in the Ji<'ld. (Tublr 20.) The ('hief dilfrrcJl('e wasil! the InTcmge max
imum for the prriod, whi('h in the woods (,Ilges "\\':\s 5.72° below that of 
those in theJi{'Jd. The avcmge minimuDl for the period in the woods 
cages was 1.57° bdow thllt in the field cages. The sm/dlest diifercnec 
in ~tempcmture in the two situations was noted during l,.,Iarch. 

TAB!.!,; ':!.O.-('olllparr:lt'l'I! le1l1]lera.ture,~ fm' field (£wl for ll'oods hibernation CCI!lC,~, 
Florenc(', N. ('., lflJ(j 

Period:! 

.Mart,j, 21 to :n 
April 
l-IIlY 
Jl1l1~_ 
July J 

I 'J."~Ulpcrnturo or woods cage., llho\'c that or fieJd l'll;;CS, 

E.·.'EC·I' 0.' DATE 01' INSTALLATION IN HIBEllNATION CAGES ON SUllVIVAL 

The J'PsuJts of experiments to determine th{> eIJeet of dak of instal
lation in hibernatiou ('ages on sUl'vival Ilre summnrized in Tltble 21. 
In this tabulittion thl' records of sUlyi val of wec\rjls ill the cuges 
lO(,!lted in th0 woods during the seasons of 1924-25 and 1925-26 nre 
n.lso ineluded. A total of 15,661 weevils were lIsed in this experi
mcnt during the foul' years. The later the weevils were installed 
in hibprnatiOH ('ngcs, the greater was the. percentagr of surviyalj 
]5.8 Pl'/' ('ellt survivcd whpn introduced into eages November 23, 
IlS contrasted with no sUlyival when installed September 4 to 11. 

TAil!.!': ~l. -- SlIn'iI'lll of thr Il(lll 'Wccvil in all h.ibernation CC/(JC.~, (wcordin(J to d~lte of 
ills/alia/iolt, Floren('c, 8. C., fall of 19Z2 to 8jJri/!!1 of to,Hi 

--'---- -- ----- !'-----
Numher: Numher .Per~cnL~

illites of instullation -of WI'('vils " "fweevils nge of
,installed issued sun'ivlIl 

! -----,-"..... 
Rept. -I to 11._. 980 o oHopt. J~ to 2.) 
()(>t_ 1 til III __ 2,500 6 n, ~-I 

iI,UOO 6\1 J,77Oet. 22 toaL", _ _3,,375 210 f' J, "~"'..Nuv. HoH____ __ ...... ____ .... ' •. __ a,S1I7 :l26 R. 37Nov.:!:L.......... , . _. , __ .. . 
 J, (100 .158 .15,80 

To eornptu'(> Uw ('(rcct of date of illstltllntiou upon pCl'('entag(' of 
su/'\,i\'n.J, ill ('ugf't> in th(' woods fLud cages in til(' fidd, the ditta obtuined 
for two hibp/'nu tion l'1PHt>OUt>, J024-25 IIlld 1025-20, IU'(' showIl ill 
Table 22. The figures for field survival include only those for cnges 



DIOLOClY OF THE COTTO:-i BOLL WEEVIL AT FLORENCE, S. c.59 

with pinE'-stmw sl}(\ltE'r, since the samE' IUllterial was used in the cages 
in the woods. In the field cages the lowest pel'(~en tagE' of slIl'vival 
was 0.1 per cent fOl' weevils installed SeptE'mber 17 to 24. The 
sun"ival was 7.Il pel' nenc fQr the installations of November 5 to 14. 
10 the ('ages located in the woods, the greatest number survived in 
the installations of O('tober 22 to 31, namely, G.47 per cent; and 
survi\'al was lowest [01' weevils caged SeptembeJ' 17 to 24, nruufdy, 
2.13 per r:eot. A greater percentage of we(''Oils survived in the woods 
tlutn .in the field for the corresponding dat('s of installation, except 
for XoV'cmber 5 to 14, when the sUJ"Yi\'ul in the field ('uges was the 
grC'!lter. 

TAIH.~; '!.'!..~~('(lmp(!rillo/L of 8ltrttiulIl of tiLe /Jollll"CN'il ttcfordil!{J iJ dllte of 'installation 
in in/,enwliolL clIyt'S ilL jield (mel ·ilt woods, "'lorence, S. ('., Jail II] IiU." to spriuy 
of I Y,:{j 

Wuods cages 
t ".--'--- -~- •• 

Dlll(,:1 [,r iust.t1lalion :\umher ...",umber IJer('t!nl- :\tlntlu:~r :\uUll)cr IPCI't'cnt
If \\ ce\'lIs flf wCQvil~ ~'h') or tlr \\'l~e\'ils- of weevils uge or 
Instulled ISSUl>U SlIr\ i\ a1 ,ill'tull~d i,;su~<l SUr\'I\',I) 

~ept. 11 tu :!, l,lJOO: I ' 0.10 1.:;i)) ;l~ 2.la
(Ier. t to I:' !!.~.')~~ ;'2 :!.o.'\ ~.·I7,(j lOt; ~. 3:! 
O('t.~..!t(J31 1.3,';, , no I 4. ~() I. :17:, b!l tl.ll7 
i\uL;' tu J I !IOO' 1>1 I i. II I. (~JO : 40 4.GO 

" - . .,.,-----_.__ 
1';uUrQ l,ed,," r,~ i7:i 183 ~ 

~~~ 

:1.17 0, :131 
~---

273 4.31 

-. ~-~-~ ..-.~~ -------'------..',---'----

It is C'vidpn t from til(' diltn, in TahIr 22- thltt it .i::; pos!"ihlr for It few 
\\'('('vihi to SIUTi\'p ttH' wiot(,1' W\WIl plneed i.n hibrJ'llntion as curly us 
the' middlC' of SC'p{;C'mlwl', but thut the chancC's .1'01' sUJTiyul increuse 
us llw datp of instnllation nppJ'oarhC's tIl(' dilte 1'01' the fil'st, killing 
frost. 

1'~;U('EN'I'ACg lW SURVIVAL ,\CCOUDING TO TYPE OJ-' SHELTEU 

Thr (,rr('('t or til(' kind of willtl'1' slw1trl' upou slIlTinll is shown in 
Tnhlp 2:1. [)llJ'in~ the' four YPiU'S tlult this espr1'jment wus conducted, 
:HJ,7:37 w('('"ils wP1'e used. 'I'll(' high(':;t sun'ival wus 5.04 ])('1' cNlt 
w\wn L\w slwlk)' was pilre! eottOI1 stulks. 'l'11P lcm'eM, wus in Gage:; 
foJ' whieh no protrC'ti\Te sheltpr wa$ provided, when' it fwemg('d 0.43 
pl'1' ('('11 L 

TAIl!.,I·; ~a.· Snfl'il'al of tlte boll /I'ul'il a('('oNlin(J 10 /]1[1(' of shr/ler, Florence, 8. ('" 
.~prili(1 oJ [[U,I, IfU,", J[UfI, and 1.9!(J 

! ~uJl1her !Number .Perccnt~ 
'l'y po or shell ~r , ,r weHlIs'or weevils nge or 

installed' issued sun'I\'nl 

('()llun stalks 4,4 iii 252 , 5.tH 
('urn.~f'llkl< ,1,.11:; IS!! 4.0:\
PH1"'" s(raw' :1,\)111 [.12 3,:;0
14p:Hllsh UlOS$ ·1.<1 Ii IIG ~, Il:\ 
.l'i.t1\\'llust, ott' ,I, ,I;I;~ UI I. ;{i 
()l~t "lruW ·I.·J~II :J~ .72 
C~Hg,.1 unl~ ·I,.IlJ HI .4:1 

:m I 7:ij hlH ~.6!! 
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Since weevils ean pass the winter successfully in a matting of 
pine neC'(Ues, it is evident that pine woods are important overwintering 
places. \Yooded areas whel'e pine trees are present are common, and 
often cotton fields adjoin these or are partly surrounded by them. 
Spanish moss is found only in the most favorable localities, as this 
section is near the northern limit of its distribution. These favorable 
situations arc usually swampy areas Or places ncar the larget· rivers. 
Cotton fields are rarely situated near extensive areas of Spanish moss, 
and the clwnps of moss near such fields are too thin to offer much 
protection. 'rhe sW'vival in sawdust and oat straw was compara
tin·ly low, indicating that these materials offer poOl' protection. In 
th(' Sf'llson of .1923-24 no weevils survived .in open cages without 
protection, but in the 1924-2.5 season there was a survival of 0.74 
per ccnt, lind in the 1925-26 season, when severe freezes occurred. 
J P<'l' ('eut survived. It is thus possible fOl' weevils to sll1'vi\Te under 
the most ad verse conclitions. The true significance of these various 
shl'lt('J'S IU; possible sources of spring infesi.ation is brought out later 
ill the discussiou of rate of emergence from various shelters. 

EMERGENCE FROM IDBERNATION 

The eomparativ(' rate oJ emergence in hibernation cages in. the 
years 1923 to 1926, inclusive, from March to July, is shown by months 
in Tabl(' 24. There was eonsiderable variation for the same month 
in diffC'rl.'nt years. The lowest emergence recorded Ie l' :March was 
4.0 pel' e(>nt in 192G, and the highest was 27.65 per cent in 1925, 
thC' total ('Jllergence being used as a basis. The emel'gence in April 
ranged from a3.48 per eent in 1923 to 53.92 per cent in 1926; in May 
Jrom20.52 per (lent in 1925 to 51.81 per cent in 1923; in June from 5.66 
per eent in 1923 to 1{j per cent in 1924; and in July, 1925, an emergencc 
of 0.16 prr cent wus recorded. The averages £01' the 4-year pcriod 
show that the greatest emergence from hibernation came during the 
months of April and May. 

TAIlLJ:: 24.-;VllmUN and percentllge of surviving boll weevils emerging in cages, by 
'IIIunths, at Florence, S. C., 1923, 1924,1925, and 19B6 

Juue July:_~U~I_l_I__~~I~~_ May 

Yenr i I I
i N1I1l1' i Per NlItl1- Per NlIlI1-1 Per Num· Per Num· Per 

. her I l'ent ber cent ber cent ber cent ber cent 

--~ ..-..--..:. - I . --~---,---- .----- 
192:1 _............. ..1 40 I il.OS J.lS 3:1.48; 2'~! 51.81 25 5.00 __••_. __ •••.•••• 
HI~4 ....... H •••• .1 61 8.00 Zi :16.00 I 30, 40.00 12 10.00 ---••••• ---••••• 
JU25 .. j 34" 27.65 550 44. ()U I 250, 20.52 00 7. m 2 U.W 
19211. _ 5 .I.!JO 55 5:1. U~ I :11 I 3U. :lti 11 10.78 ._•••••• ,.,_. __ • 

'I'utol .......:-m,,==~ ==i-5.i!l-:-:-:-.:-:-:-':~==--2~ 

Averuge•... _.:t"--_-'·l2Ufl.-:.=:.-.- ~_~8J-'-'-'J:~W -------- ....---.I.M 0.11 

IIELATION BETW.EEN EMEIIGENCE OF WEEVILS AND DEVELOPMENT OF THE 
COTTON PLANT 

'1'.h(· jWreC'rl t.agcH of pm{,l'gC'nee in illl field ellg('S ('OIWUlTell t wi th 
e('l'tlliu stages ill thC' d(,\T('lopment of Lhc cotlon plant, Ilre showJI in 
Tnbl(' 25. Fl'om 21.2G pel' cent (in J923) to 58.82 pel' ('.('nt (in 1926) 
oJ the RUJ'viviJlg w('('\'ils had emerged when cott,on WIiS fil'St up. The 
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percentage of emergence at the date of first square formation ranged 
from 90.02 per cent in 1925 to 99.1 per cent in 1923. Emergence 
after cotton started fruiting varied from 0.9 per cent ill 1923 to 9.98 
per cent in 1925. 

TA.RJ.E 25.-Percentuge of emergence of overu,ili{cred boll1L'eev£/s in cages before und 
lifter cleve/opment of first iUJ1ULres 011 cotton, F'lorence, 8. C., 1923, 1924, 1925, and 
1.9i6 

Perrcutfij!;e oC WOO\·n emergence 

Per!od 
1\i23 1924 IIY.!5 19'16 

----------------1··--- ---
"'hell cotton pinntswcro lirst up.... .... .......... ...................... 21. 26 40. ()O 50. Ii:! 58. 82 
Helnr. IIrst squllres IOrllle(L. ........... "," ....... ...... ••••• ......... W. JO In. 33 00.02 \Ji:l.0:1 
Alter lirsl StlUares formed... ..... . • '" . .••. ••••. •.• ••• .00 2.67 0.08 1.97 

COMPAJUSON 0.' !tATE OF EMERGENCE IN FIELD AND IN WOODS CAGES 

Jn 1925 weevils emerged faster ill field cage;; thill1 in those located 
in the woods, but the reverse was truB in 192G. (Table 26.) The 
diffcrenee in the raj,/'. of ernergenee of weevils in the two situations was 
quite marked in 1925, when there wns fL heavy survival. Thatyelll' 
emergenee I'nded Oil June 17 in the (ield, but not until July 1 in the 
woods. In 1926 e1lJ(!rgellce in the woods was completed May 24 and 
iu the field .J lIllO 22. 

TAFlLf: 26.-CompIlTlltillc j'ute of emeryence of overwintered boll weevils in field (md 
woods ("(lyell, Plarenee, 8. C., .1925 and 1.926 

l!l2t1 

Month 
Field '\'nods }'Icld IWoods 
tllgcs cnges cages cages 

------------,_.- "._.._--- ---- .. "" ....'- ........----

IJfr ce'nl Per cent J:>er ce.nt 

r.lnrdL 21.30 o o 
April f.O, 2., ·15.83 82.3.'; 
l\lny 7u.:1Il 83.33 1100.00 
Juno. '100.00 , 1110.00 

I l\[lIY 21. '1 June .I7~ 3 July 1. t June 22. 

RATE OF EME!tGENCE ACCORDING TO TYPE OF SHELTE!t 

Th.ere was a definite. relationship between the rate of emergence 
and the type of shelter. The data on this are summarized in Table 
27, by semimonthly pedods, for 1924, 1925, and 1926. Weevils re
mained in hibel"I\ation longer in shelters of pine straw and cornstalks 
thfm in the other materlnls tested, whereas with sawdust, 01' with no 
proteetion other- thfLn the cage, the emergenee was eompleted early. 
The mte of emergence from Spanish moss was also comparatively 
slow. The dates 01' htst emergence iu the different cages 1'01' t,he 3-YClLr' 
period were as follows: Sawdust, May 11; 110 shelter, :May 29; 
Spfl.lliBhmoss, JUJloS; cotton stalks, June 6; oat straw, June 9; corn
stalks, Juno Hi; Imd pine straw, June 17. 
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TABf,E 27.-Emcryence oj overu:intered boll weevils in cuyes, by ,~emimol!thly periods, 
Jrom different types oj shelter, Florence, ,..,'. C., 1924, 1925, and 1926 ' 

TIll' vaJue' of !Lny mat(\/'inl as a shelter fOl' the boll weevi! depencb 
upon tilp (wr(\Plltuge of these In~er,ts thut (:an suryi\Tc the wintel' in 
it, .its ayaillLbility, and aL-;o the degree to which the material will 
rctlll'd enl('rgenee from hibel'llatioll, In tlus eOlliwction a study of 
'rabie'S 23 alld 27 is interesting. The cotton stalk"s were piled in the 
cages unci thus did not represent natural conditions. \Ylule this 
typP of slwlt('I' Illl'orded the highc:;t degree of protection during the 
3-yt'fu' ppriod, it did not retard weevil emergence as much as pine straw, 
eornsLttlks, 01' Spanish moss. These shel tel's, while giving pOOl'el' 
protection to the weevil, nevertheless retarded emergence to the 
extent ihut they W('re really more important from tile stnndpoint 
of sourees of spling inf('station, since it has been shown, in the dis
cussion 01' tile longevity of overwintered weevils, thut those weeyils 
emerging aft('l' the sq uuring of cotton lire li.lOre Jikely to live long 
enough to repI'oduce their kind tIl1tIl those emerging curlier, This 
is furtlwl' e\~idenee thnt pine woods are un excellent place for weevild 
/'0 lliiJ£'mate, lind un importaut SOUl'ce of spring infestation. The 
shelL('rs givillg poorest protectioll, Jlitmely, sawdust und out stl'!lW, 
Iik('wise> Ilc('(lll'l'!lted emergl'Jlee. It is also noted thtlt weevils .finished 
l'llH'rging ellrly in the season when given only a cage for protection. 
This indicate" th/lt while the:;e insects may ::lurvive the w:inter in 
ratit('I' open and pxposed situations, they become Iwti vo soonN and 
usu!tll,r perish before they can l'eprod uce, This explains why over
wintered. weevils H/'e usually more llUllHWOUS in those portions 01 a 
eotton li('ld neurest wooded ul'eas 01' hedge 1'OWS cal'iy in sUllU11er 
before cottOJl fruits, After COttOH starts to set squares these weevils 
seem to be able to locate the richest parts 01' the field where the phtnts 
fruit iirst, so the bOl'(io1' distribution is not so l11Hl'ked ut tills time, 

E)\:IEROENCE AS DETEUMINED BY THAP-CHOl' HECOHDS 

T1H' emel'gpnee of the boll WPc\'il in 1925, as dC'tl'l'lIlincd by ';rap
erop records, is shown in 'ruble 2~L None was found in eith~r of 
the two trap plantings of cotton until lvby 14, in spitr> 01 a vcry 
elll'(·ful plant-to-plunt scan.:h. May 29, when the eal'liest squares 
WE'rE' formc'd, 47,01 pel' eont 01' the total number of weevils found in 
t hps(' plo ts had l.)(!cn eoUeeteu, The last one was tl1ken in the plots
,) uly (j, 
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TABLE 2S.-CoilectioTLs. of overwintered boll weevils in trap CTOPS, Florence, S. C., 
1925 

, "Accumulated emer-I: N urnher gent.'O Avernge
I ' 1 Us DwnberD 8 te ,0 woov ____ 01 sqnares 

collectedill " 
~ ,__INumber/~~': 

Apr ZI to 1Ilar 13............... __ ................ , .. , .......... ' 0' o! 0 0 
May 14. "'"'''''' . ". U U· 6.71 
;\lny 15.... 5 l 14 10.44 
;\lny 18.... ~ I 2l 15.67 
~lnyI9_ •• " _ 23 J7.16 
May 21)... .. . 21 2.'; 18.65 
May 21. ... . 9 a~ 2.;.37 
Mny Zl •• '- 7 ' 41 I 30.59 
MIlY :?;j. . 9 ' W 37.31 
May 25... 8 58 43.28 
~luy !!O..... 3 '-it 45.5241 

l\lay 27, . 1 li2 46. Zli 
Mny2IJ... 1 63 47.01 0.0:15 
May 30 '- I (;4 47.76 
J line I , 4 ! (18 50. 74 
JUD('~L" ~' 7:1 54.47 O~OU 
Jun~ 3 :2 75 55.97 _________ _ 
JUmU') 1 I 76 50.71 _________ _ 
JUlie Ii I 77 57.46 ____• __ •• _ 
June K 'J , iU 58. 95 0.49
Jnne !J ;j i 8:1 61. 94 __________ 
JUlie It ~ 87 (;4.92 __________ 
JIIIll' 12. 2 !in H6.41 __________ 
Juue 13 __ 2 91 07. 91 _________ _ 
JUI)(' 1:' ',-. :u J02 76.11 1.6
J unc lfi 8 110 82. o:! __________ 
J line 17 :I 113 8-1.32 __________ 
June 1k U lIll 88. 80 __________ 
June HI. 1 J~>() 89.55 __________ 
JU1I1l2(t •.. ".... 3 ]23 91.79._________ 
June:!'.! '- ... __ ""'''' 5 ]28 95.52 ________ __ 

~~~~~:""::.:::::: ----____~ _______~:~. ____~~:~J_---~~4--

~ r:r~~' r':::::::::::::::.:=~:::::::::::: :~:~ ~::~ :~~: ~:: ~:~:::: ~~::..-·----1-i------i~· ---~;~~-f;;;;;~~;; 
-'--.~'~-------'-[--

E,uminations were mude c"cry day. 

In l02G, in two similar plots undr!' ohsr!'nltion, thr emergence 
WIlS vrry light. In one planting no weevils wore found, Ilnd in the 
othrr four wcrvils were colleeted between June 24 ,and June 30. 
In both years rmergence was mostly o\'rr by June 30, at about which 
timo tho first blooms Ilppearrd. 

EM~;RGENCE AS DETERMINED 111' FIELD COUNTS 

Ficl<l eounis wr]'(' made in 1\)25 Ilnd 1!)2() to tid,erminr the popula
lion of ovcrwintrrrd weevilr;. J11 eaeh field Jrom one to three plots 
w('re staked off, th£' number depending Oil the twooxtrelllos of soil 
type present. Usually one plot Wfl.S loeated on the lighter saudy 
soil and the otl1('l' on the darker heavy soil; in only one ease was it 
n('(~essary to hit\'c' three such plots to a fleld. Each plot was composed 
of 100 plants. Jn 1!)25 six of these fields were under observation, 
and weekly counts WNe made 01' from 600 to 1,200 plants. First
hrood wrrvils, which arC' easily distinguished from overwintered ones] 
W('J'C' not seen in the .fields until late .June. Si..x: eounts taken at weekly 
inter-vais showed fluetuatioos in the number of 'wrcyils in each field, 
but th!' !1v()m~(' st('adily increased f!'Om 2 weevils for eaeh plot of 100 
plants on ~Jay 21 to 4.25 on ,June 23 twd 24. ('rable 2!).) This 
indicate'S [hat; OVe'l'wint,<'J'ecl weevils were still entering the field from 
hib~rnntion during this (>r1'iod. 
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'fA liLt; 2!) •. --Al'er(l!}c nUlflbe-r of overwiule-red boll'wccv-ils Pf:r 100 plants, uccordill!} to 
field cou/us, Florence, 1:). C., 1925 

-------~----! -'-~IA,.em;·/i I', Average 

NUlUoor l Number fU~!l!~r., Numhcr Number UU?lt>;'! 
Datu Of plants .'01 weevils. o. WL'C I1s Ii Date 01 plants 01 woovils 01 \\ eev 113j per 100 I Iper 100I , plilULS l plants 

I tj(J() ,t -.-- -~~lr-·~-ll_: JUlle S al1llu-.~~~:I- ---;-,-;;;1May 21 1,100 
l\f,uy2.s .1 tiOO 17 2. S:l JUlle 15 and ilL •••• 1,:!OO 40 3.33 
fUne I to-I 51 4.25._, 1,100 ._~~~.___~I JUlle 23 and 24 .....j 1,200 

If! Ul26 eight fields wcre selected, eounts being made on a total of 
l,BOO plants. (hcl'will tered wee"ils wcrc so scarcc that no datu. 
werr obtlliuC'd this yelll' by field eounts. 

COlllplLrati"eiy few weevils arc found in the fields of young cotton 
in this vieinity until aftN the truc leaves ha\re been formed. Morp
o\'Cl', ,rcry li We C\,idcnee is at hand in the nature of typical feeding 
inj ury to show that there is much mil?ration to cotton before this 
time. This hus been proved by carefUl plant-to-plant examinations 
in boLh trap crops and in Helds. 

REIDBERNATION 14 

During the mouths of March !L1l.d Apr!l, 1925 !LIld 1920, 4~7 wecv.ils, 
or (HA5 per cen t of the (j78 wee\'t!s whlCh emerged from lubernatlOn 
l)('fOl'c Gotton CIUlle up, did not die on the day they' emerged. (Table 
~O.) Of these, 22(j were recovered twice, 119 three times, 49 four 
times, !Lnd so on until 1 weevil was recovered 11 times. In some 
eases there was no actuall'ehibernation, the weevil merely surviving 
ill the cage from day to day and being marked each time. In others, 
howtwel', there were definite periods during which the weevils dis
appeared for several days. 

TAIII.1:: 30.·-Nlt-mb~'1' of t-i1lt('S bull weevils werc recovered in hibern(ltion ca!}es before 
coUon came up, PlortJncc, S. C., 1925 and 1.926' 

Yenr 

UJ.75 
71.07 
tt-1..Hj 

Owillg to [he lnrge number of these insects under observation, 
it WIlS impossible .to mark everyone so that it could be distinguished 
from Litty to dllY. In J025, however, the _Murch emergence WIlS so 
hl'IlVY thnt large numbers were Il1tLrked with It red dye, distinguishing 
I bem frolll those that emerged in April, which were colored blue. 
H.('nee, when a weevil with a red spot was recovered after 1vlurch in a 
Jlibel'l1!ltion rage it was known to have first emerged during .March. 
Tllble 81 shows the l'l'IlIJpeal'llnc:c of these ~1arch weevils during April 

II 'I'hu l~rlll "rehlbcmlllinil" W!l~ u~e" by Hunt.or nnd Pler<"l. See III'NTEIt, W. D., lind PIEltrE, W. D. 
'l'1I Ii: .\I,.;XH<.\.N' ('OTTOX- 1101.1# W";l!:"\'IL; A Be ~1.\II\ItY 0(1' TU E IS\-Jo:STIGATION or TillS ISSt;CT tOt' TO DE('Ell BElt 
;II,!!Ill L'.~. Dept. AI:r., Bur. gilt. Uu!. 1I4, ".117. 1U12. CU. S. Congo 6~d, 2d sess., B, Doc. 305.) 
11'11110 this (.Orlll is open to eritil'isllI, it is probably US ullPlicable to tbls phenomenon, which is ouly 
pllrlitllly understood, US llny other siugle ternt, 
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and ~Iay find also of two which had first emerged in April. During 
this period there was a de1inite reemergence of weevils that had first 
emerged from hibernation during March. The ~reatest number were 
recoy'ered April 3 , and the last one was recovered. r.1ay 12. On :May 6 
and May 31 weevils were recovered which had emerged in April. 
Ob\Tiously these weevils had a lon~ rehiberna.tion period, the exact 
C'xtent of whkh could not be ascertamed. It was possible, however, to 
figure the minimum average. The ma:-.-imuID average period was at 
least 34.62 days, the minimum average 19.23. The longest records 
were somewhere between 52 and 67 days. 

'1'Allf.l:: 31.-Number oj UI'CT11J7;nlercd boll wect'ils which had first emcrged in IIIarelt 
and April a'nd which '((>appeared in hihernctwlI cc(]e,~ ajter col/on ('(lute IIp, Florence, 
S. ('", llJ,:fi 

.--- ..._- _._----,-
1'\UIIl.. ! ~UlIl' :i I XUIII· l Num· 

l>nte 1 boro( ])nle j 


, woo\'lls 
 ) \~!:v~:s 'I;" Date I I~1:I'~rS I Date I 1I?:I'~rS 
:l---l-~J---·.- 

~ ,t . r. ~ • 1 ?AlIr.l 1 '\llT. ~ .... . o 'I .\pr. I" ..... _•• ; 3, Apr. _~.... __ •. 3 
Apr 2 _..... . ~ Apr II ...... _ '21': Apr. IlL ..... • 2: l\lay 6..._._ .• , 1 
Apr 3 ....... . 1L Apr. ilL .... .. 1 'I Apr. 1';". ...... i 1· l\Lu)·l~........ 1 
Apr.'; .. 3 Apr. II .... . ~ .\pr. '20......... ' ")Iny 31. ...... . 'I 
Apr. 7 ••. a Mlr. 12.••.•.• __ 1 ;, Apr. 23._....... I _...__._-----------------------'-- 

tC'!lt(es were ~x,uninrd dally throughout April and ~ray, but dates on whlrh no wee.ils reappeured 
nr(l Hl!.lttetl 

'Jo;lllCrgcd in April; nil otllers hud emerged in ).lurch. 

'I'll(' nhc)\7('-dC':;Cl"ibC'd ('xpC'l"iment shows that maIlY weevils emerging 
fl'Olll hihC'rnatioll too C'tlrly to find ('otton are fible to return to at least 
11 pllrtillily dormant ('onditiol1and to emerge again several weeks 
Jat('l' nftC'l' cotton is up. 

ENTRANCE INTO HIBERNATION IN FALL 

W r.C'kly ('olleC'tions of Spunish moss were made from September to 
~~()V('mbel', 1925, fit s('n'l'ul difi'C'I'C'nt points around Florence to 
dC'terminewhen wee\-ils were enterin~ hibp.rnation. Two live weevils 
w('r(' found in 70 pounds of moss eOllccted September 1 to 3, or an 
!tY('l'ag('of about 57 weevils pel' ton of moss. There was no hint of 
{'·001 weather at this daLe, find there was no killing frost until November 
18. This indicates th!Lt some weevils may go into dormancy long 
brIore eoo] weather. 

Field counts made during 1925 did not show any significant 
dC'{'rense in the w('C'vil population until after the counts made October 
1~3 wh('n the1'(, was an average of 7.36 plants per weevil, as compared 
wHh G.38 on O(,tobel' 6 and 5.26 on September 28. On Oetober 21 
fLDd 22 this fLvemge vms 10.53. Considel'Ution must be given to the 
fuet that Jate weevils were be('oming mature at this time and that 
these would offset to some extent those that left the fields for hiber
nn.tion. 

In 1926, {'ounts made in ]] fields showed an average of 10.83 
phlnts pel' weeyil on September 20, 13.25 on September 27, and 15.07 
on October 5. Th(,llllJll bet of weeyjls in these fiC'lds continued to 
dN'J"('ltS(' after these dat('s. This indi('ntes that weevils began leaving 
th(' Jj(·Jds in notiC'eubl(' numbers some time between September 20 
and 27 in l02fl. 

33095(>·~29--5 
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NATURAL CONTROL 


SPECIES OF PARASITES REARED AND NOTES ON THEIR BIOLOGY 

Six different species of hymenopterous parasites have been reared 
from squares infested with boll-weevil larvae.JS During the 3-vear 
period, in order of numerical abundance, they were as follows: 
,Microbracon m.eZlitor (Say) 1 G'atolaccus hunteli Cwfd., Eurytoma 
tyZodel'matis ABhm., EupeZmus C1Janiceps var. amie-u,s Gil.., Triaspi.'! 
curcuZ-;onis Fitch, and Zatropis incertus Ashm. The yearly ahundance 
and seasonal distribution of these parasites are shown in Table 32. 

'!',\.llLE 32.-iVumerical Tela/'ions and seasonal distribution of species of boll-It'eedl 
paTasites 'reared at Florence, S. C., 1924, 1925, and 1926 

:\umbcr renred Se:lSonru distribution 

Species or parn.~ite "~,~, .-......- ------,----------- 

,1024\1925: 1921; Total; 1924 1925 192r. 

-M-IC-'[-Ob-ra-c~on-'-nc-'ll-il-or-., -;;r -1~4!-;;; iiSO iAug. I-Sept. 24 __ • July 6-SeIlI. 0 ••••_ JU~-1-1--0-c-t.-1-5.
Catolaccus hunteri .• 001 77 14 G4 '1 155 t Aug. 2-$ept. 2r.. __ July ll-Aug. 28._.1 July 15-Sept. 12. 
E u r y t 0 III n tylo·· I 

derllllltis_...... ,_____ 78 8 62 148 Aug. i-Sept. 18___ July lrrsept.ll ___ • July 2O-Sept. 12. 
Eujielmus cyunlt'eps

vur.IlIll[CUS__________, 7 5 8 , 20 Aug. 13-Sept. 5 ___ July I!1-Aug. 3L__ ' July 22-Sept. 21. 
Triusllis curculiouis____ 2 0 0 2 Sept. 23-27____________________________1 
ZatropIs lucertus______ t ('l 0 (I) ______ (I) _. _______• _________________________ : ('l. 

1 

1 Severn!. , Dates of appearance not recorded. 

MICROBRACON ;'.tELLITOR (SAY) 

Microbracon meZlitor was by far the most abundant parasite of the 
boll weevil during all three years. The total number reared was 
580. It could be reared from infested squares from practically ell 
fields at any time of the year that these could be collected. In 1926 
the proportion of sexes was noted, and 174 males and 171 females 
were reared, showing that the two sexes were about equal in numbers. 

ADULT 

The average length of life of 19 males was 10 days, and the maximum 
21. The average longevity of 24 females was 13.29 days, and the 
maximum 35. The adult parasites are very active during the day and 
may be seen flying about in cotton fields heavily infested with the boll 
weevil. Oviposition and mating have not been observed, but eggs 
were obtained by exposing weevil-infested squares to the females and 
later dissecting out paralyzed weevil grubs bearing the freshly depos
ited eggs. The weevils had not been previously exposed to parasite
attack. . 

Cage records show that during July and August the female requires 
from two to six: days to develop her eggs sufficiently for oviposition. 
One series of females, which issued July 20, deposited their first eggs 
between July 24 and 26; a second series, which emerged August 7, 
began oviposition hetween August 9 and 10; and a third series, which 
m!ltuJ'ed August 12, deposited their first eggs between August 14 and 
16. The adult remal£' is provided with a comparatively long oviposi
tor, characteristiC' of braconids of this group, and is thus able easilv to 
pierce through the outer layers of a square to locate Bud paralyzp,' the 

11 Identltlml by A. U. Olllllln, Dureau or .EntulIlology. 

http:lrrsept.ll
http:larvae.JS
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weeyil grub. \reevil grubs bearing 1ficrobracon larvae have also 
b(~en found in bolls, indicating that the hull of the boll is no obstacle to 
the parasi tc. 

In most easf'S where wN',-il parasitism has been studied, ]/. melZi
tor has hcen found to be thl:' most abundant pamsite. It has often 
bpeo noted by inYestigatoI's that the percentage of pamsitism is b '"eater 
in hanging thl1n in (l111en squares. The reason for this was discovered 
wh£'n it WflS found thllt the female will not oviposit in a wee\'il
infpstecl square aft£'I' it has fallen from the plllnt anel is on the ground. 
In order to get l:lllC'('essful parilsitism, it WitS neeessllloy to fasten the 
s<J 1I l11'es to small bran(' hes of ('0 [ton in the pamsite eages . 

.From .\Ugllst 16 to September 20, 14- females with males were kept 
in (,Ilg('s wb('r(' they wer(' fed daily 011 sugar dissolvec) in "lIlter, and 
gi VPH II frC'sh supply of weevil-infested squaJ'C's to parasitize. These 
s<jut1res \\'£'1'(' always pla('C'd on thp slwd in the bottom of the cage. 
Xo ndult ~licrobrlleon wal:lps were reart'd from these squares and no 
('ems or othC'r sUWl's found 011 thl' weevil crrubs after thev had been 
l'~p~)sed. On Sf'J~tf'rnb('r 20 all females whieh were still alive in this 
f'xperillwnt were dissf'eted nnd eggs were found in the ovaries, showing 
thnt t1lC'y wen' normal in this respect. At the same time this experi
nl('nl WII::; b(,ing ('ondu('ted other femlIles were being successfully 
inrhlC('(1 to oviposit undC'f the same conditions, except that the squares 
were hung on the plants. 

'I'll(' f('male pnrasit(' prefers nearly full growll or eompletely grown 
\\,('(,,·il IlIn"ae for oyiposition. In no eases were eggs laid on small or 
partl.v dt"-f'lopf'd w('e\-il gru bs, bu t on the other hand approximately 
J00 casC's of o\'iposition on large \\'ee,-illa1'Yl1e were recorded. At this 
HtiLg~ thC' Inrnl hns ea It'n all Or nearly all ilornl parts of the squareJ 

lell nug only the ou tel' 511('11. 

Crt()WTIl A:-:D D)<;VELOP.\IEN'l' 

The ('ggis club-shaped and slightly eUI,pd, \vith one pole much 
blunter find brollder than the other. It is penrly-white, with an 
opaque 1'('gion sometimes in the middle third and sometimes extending 
nlmost throughout the egg contents. The shell is not sculptured. 
'fll(> size \"aries from 0.866 to 1.256 millimeters in length and from 
0_173 t.o 0.225 millimett'r across the bronder end. The egg is not 
firmly glu('d to the larya of the weevil and is found in the square in the 
,-ieinity of thC' host ns often as upon it. l'sually but one egg to a 
\\'ee,-i1 grub is liLid, but occasionally two are found. 

'1'hC' \\'('C'\-il grub is always ('ompletely parlllyzed by the adult para
Hi t(· and doC's not reeo,rer eyen though the egrO' is remov'ed b('fore it 
bateh('s. The grub .i~ notinlm(,(Jjately kill('( by stinging, and the 
dorsal v('ss('1 ('an be seen pulsating in a feeble and irregular manner. 
The range is from 22 to 35 b('ats per minute direetly after being 
parasitized, whieh ja somewhat less than thnt of the lUlpnrasitized 
w('(,dl grub. It WitS difIieult to detprrnine th(' pulse beat of the 
normal we('yil grub, as it vari('d ('onsidernbly, beating slowly and 
i/'I'('gulnl'ly nbollt thirty-nine times per miI1ut(' when the· grub was 
undisturbed, but strongly nnd mort' rapidly wh('n disturbed. At the 
end of 24 hours the puls(' of the pnrasitized w('pvillnrvn is wenker and 
l·;IowC'r. Tbe dorsal yesse! luu; beC'11 observed Lo bent [epbly from ol1e 
to thn'e dllY'; uflf'1' pnrulysis, whetlH'1' or not the parasite Jltrvn is 
pre~'H.-'nt. so llPparently the poison oJ the stil1g, rather than the activi
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ties of the small parasitic larva, lUlls the grub. in most cases. If the 
egg is removed, the weevil grub often remains in a preserved condition 
for three to eight days before decay sets in. The incubation period 
averaged about 24 hours, as determined by 15 records from August 26 
to September 16. 

The hatching of the parasitic larva has been observed sp.veral 
times and i.s as follows: Just prior to hatching the segments of the 
larva can be seen through the shell of the egg, giving the latter a 
segmented appearance. The movements of the larva within cause 
the larger end to oscillate slightly, after which the head of the larva 
appears. The latter gruduall)T worms its way out of the eggshell, 
whi('h crumples up after emergence. 

The parasite larva is very active when first hatched, and crawls 
abou t the smooth body oCthe host with 11 peculiar crawling and looping 
movcmeu t, appearing to ha\Te a slicking disk or pad on the last seg
Ilwnt. The larva Ilt this time usuaUy prefers to locate on the side of 
the body of the host ncar the material on which it is resting or actually 
under the body. As soon ml possible a point is selected and feeding 
b<'gins. If disturbed, the parasite moves away and locates another 
spot, and it may also shift it" position normally several times. 

The full-grown parasite larYfI, is of a sordid, yellowish-white color 
with darker coloring within. Series of roughened projections are 
pn\~ent v(,l1trnlly to tnke the ph1ce of prolegs and are used in loco
motion, aided by It posterior sucking pad. After the cocoon ~ spun 
and prior to the prepupal stage the larva passes through a distinct 
rhnIlge. It ber-ornes darker in color and assumes a mottled appear
allee, whieh is clue to the pr('senCe of small white particles showing up 
ilf!ainst a clark background within the body. Directly after this the 
larva enters the prepupal stage. 

During ,Tuly and August from 2 to 3 days elapse from the time of 
hutching to tbe spiIUung of the ('oeoon by the parasite. The lanaI 
staf!e lasts from 7 to 8 days and the pupal stage from 2 to 3. The 
en tire clevelopmen t from the tinle of egg deposition to the emergence 
of the adult pllmsite Litkes from 8.5 to 13 days, with an average of 
1(J.19 days, from 31 J"N"orcls. 

On Ol1e O('('IlSiOll It weevil grub was dissected from a square bearing 
two ~1i('rohra('()n {'ggs. These hntehed at about the same tinle and 
for a while. both pnrnsitic larvae fed upon the host in the usual manner. 
Thpl1 one WIld found feeding upon the other, which wns dead but not 
('ntirpiy eatl:'ll. 1t is thus apparl:'ut that normally one :Nlicrobracon 
develops from a single weeviliarvlt. 

CATOLACCUS HUNTERI CWFD. 

The total number of CaioZuccus Imnieri roared from boll weevils 
in three yNU1i was 155. Of the 64 illdividullls reared in 1926,14 were 
mllies and 47 were femtlles, the sex of three being unknown. This 
spe('il'B wn!> not relLred from forms ('.olleeted in cOl·tain fieldE, sho~wing 
that it~ cli.qtribution waf' Homewhflt lo('nliz('(L 

EUHYTOJ\lA TYLODEHMATIS ASIlM. 

Ellrylolrla t!llodennatis wpre nendy nf' nbundnnt.as Ca.toZaccus hunteri, 
14H b('in~ retired.in threo years, or th(' 62 individunlsreared in 1926, 
22 wpre mlLles Ilnd :3H fpmales, 2 not being ('llLssifipd !lS to sex. '{'his 
sp(wiPH, jil\p the preceding unc, was not rCllred fr01l1 squares collected 
- J' .\1 J 

http:retired.in
http:nbundnnt.as
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CAUSES OF MORTALITY OF IMMATURE STAGES OF THE 

BOLL WEEVIL 


In 1925 and 1926 weekly collections of weevil-infested squares 
were made from several fields in the vicinity of Florence. The squares 
were collected from widely scattered points about each field so as to 
he as nearly representative as possible of conditions in the planting. 
The same fields were visited for collections thmughout the entire 
season. In addibion to picking up these forms which had shed because 
of weevil infestation, whenever possible a collection was made of 
those infested forms which had dTied and were hanging on the plants. 
The squares were then dissected to determine the percentages of 
livc and dCfld weevil stnges and to ascertain the cause of the mortality. 
The results of this study are presented in the paragmphs that follow. 

MOUTALITY DUE TO PAUASITISM 

The d<'ath mte caused by parasites in 1925 was much higher in 
hanging forIlls than in fallen fOl'l11s, averaging 29.56 per cent for the 
former fwd 6.75 pel' cent for the latter. The highest mortality from 
parasites in hanging squares was found to be 35.63 per cent on July 
20. After this date the percentage of parasitism diminished gradu
ally, with one exception, until the end of the weekly examinations, 
August 17. In fallen squares the ave.rage for this section never 
reached 10 pel' cent for the entire period. There was considerable 
variation in the seasonal avemge degree of parasitism fOtllld in fallen 
squares in different fields, ranging from 3.56 to 12.27 per cent. 1.n 
thl' two fields from which hanging squares were obtained, it runged 
from 27.66 to 32.08 per cent. 

In 1926 tbe average parasitism L'1 fullen squares was 7.84 pel' cent, 
as compared with 22.71 pel' cent in hanging squares. This year the 
high('st pereentage of pal'llsitism in hanging squares was reached 
July 22. No examinations weJ.·e made after July 29 owing to lack 
of mntNinl. In fallen squares the percentage of parasitism for all 
fieJd::; WfiS slightly higher than in 1925, but was below 10 per cent 
cx('('pt in the l'xamiulltions of August 4, when it slightly exceeded 
this. The field variation l'I1I1gecl from 2.37 to 10.34 pel' cent for fallen 
SCll1nrcs anci from 14.06 to 51.52 pel' cent for hanging squares. 

MORTALITY DUE TO HEAT 

In 1925, during the months of July and August, the mortality from 
heat was Jow('1' .in forms hnnging on the plants than in those collected 
from the ground, aventging 41.18 per eent in fallen squares in eight 
fields during this PNiod, as ('om pared with 18.03 pel' cell t in hanging 
forms. In fullen squflres it in('l'(,flS{,cl from 10.95 per cent July 2 to 
70.0!) pel' cent August 17, and in hanging forms from 11.95 per cent 
July 1:3 to 27.08 per cent August 10, then dropped to 18.7,5 per c{'nt 
Augllst 17. There was also a considerable yariation in the l110rtali ty 
in fallt'n SCJ unTes in difl'erent fieIds, this ranging from 35.81 to 48.38 
P('1' ('ent. In tlw two fields from whi('h hanging squares ,vere obtained 
tht're wus eonsid('1'ahk weekl.\T variation, but the average for the 
SCflson was about the saHli' Jor both. 

In 1920, as eOIllparl'd with H125, there was IlO definite inerE'ltse in 
mortality from heat in faUpI1 squiLres ohsl'l'vl'd in S(?Vl'Il i]('1ds as the 
scnson nd vanced, but there was 11 considcmble weekly vllriation, 11 
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peak of 48.7 per cent being reached July 22. After this there was a 
marked drop for two weeks, followed by increases until a second peak 
was reached August 18. As in 1925, the mortality for the season was 
lower in hanging squares than in those fallen, the averages being 12.51 
per cent for the former, as compared with 25.73 per cent for the latter. 
There was also considerable variation in the different :fields in both 
hanging and fallen squares, ranging from 3.17 to 29.41 per cent for 
hanging and fmm 7.51 to 38.99 per cent for falley. squares. The 
avern~e mortality was considerably lower in 1926 than in 1925 in 
both fallen and hanging squares. In both years the high percentage 
of mortulity in fallen squares was undoubtedly largely due to heat 
from direct sun rays. 

MORTALITY DUE TO PREDATons 

The mortality caused by predators W3S very slight in both 1925 
!mcl 1926. During the fu-st year, in fallen squares, it ranged from 
1.65 per cent July 13 to none July 2, never reaching 2 per cent and 
bcin~ usually below 1 per cent. In hanging squares in 1925 it varied 
consiclerably from week to week, but there was an average for the 
period of 1.0.1 per cent as compared with 0..59 per cent for fallen 
forms. In fallen squares there was a range of from 0..24 to 0..91 per 
cent in different fields, and in hanging squares from one Hold no 
mortality was recorded and from the other field 1.77 per cent. In 
1926 no definite records were obtained for hanging squares, and the 
!l.vemge for the season for :fallen squares was 0.0.3 per cent. 

MORTALITY nUE TO pnOLIFERATION 

In 1925 the greatest mortality due to proliferation in :fallen squares 
was 7.66 per cent on July 7; in htmging sq1.:.9.res it was 2.0.8 per cent 
on August 10.. There was a considerable weekly variation, but the 
average was low, being 3.22 per cent for fallen squares and 0..4 per 
cent [or hanging squares. The average mortality in dilferent fields 
ranged fmm 2.16 to 5.13 per cent f01: fallen squares, but the1:e waa 
little variation in hanging squares. 

In 1926 the high"lst mortality due to proliferation was 2.75 per 
cent August 18 for fallen squares and 2.82 per cent July 7 for hangmg 
squares. The average was 1.16 per cent for hanging squares, as com
p!Lred with 1 per cent for those fallen. The average mortality due 
to proliferation in dillerent fields for fallen squares mnged from 0..28 
to 3.16 per cent, and for hanging :forms from 0. to 6.06 per cent. 

MOUTALITY DUE TO DISEASE AND UNKNOWN CAUSES 

In fallen squa"es in 1925 the death of immatlU"e stages due to 
disease and unknown C!LUSeS was less than 1 per cent throughout the 
period of examination, except on July 7, when it was 3.83 per cent. 
In luwging sqnares it was 3.14 per cent on July 13, and no stages 
W(,l"C Jound to have been killed by disease or unknown causes aiter 
this date. The aver'age in fallen squares was 0..93 per cent and in 
11auging squares 1.0.1 per cent. The field variation in mortality due 
to these causes mnged from 0..19 to 2.0.5 per cent in fallen squares, 
and from 0. to 1.77 per cent in hanging squares. 
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In 1926 the mortality due to these causes was much higher than 
in 1925, the peak being reached July 22, when it was 12.97 per cent 
for fallen and 7.89 per cent for hanging squares. The average for 
the year was 4.52 per cent for hanging and 4.11 per cent for fallen 
squares. The field 'Variation in mortality due to these causes rtLllged 
£rom °to 8.18 per cent in fallen squares and from 3.17 to 9.09 per 
cent in hanging squares. 
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:FIGUltE :W.-M.ortulity of the boll weevil ill squares, due to ull cuuses, Florence, S. C., 1025 und 
1026 

TOTAL MORTALITY 

FigUl"C 36 shows graphically the percentage of total mortality ill 
both hanging and fallen squares for 1925 and 1926. 

The mort,ality in fallen squares in 1925 ranged from 23.21 per cent, 
July 2, to 79.34 per cent, August 17. (Table 33.) The first peak in 
the eurve plotted to show this was reaehed July 7, after which there 
WIlS a flllling off until after July 20, followed by steady increllses. The 
Iwerage for the season in fallen squares was 52.67 per cent, as compared· 
with 50.61 per cent in hanging squares. (Table 34.) The figures for 
the latter show a higher percentage of mortality than for fallen squares 
early in the season, but after August 3 it was lower. 
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T.AJJLE 33.-}fortaZity of boll-weevil stages in fallen squares due to all causes, 
Florence, S. C., 1925 

Cause 

Date ! r . I . IDisease ILTotal 
IIeat 'Predatorsl Parnslt- Prahl· or Un· 

,~. ___ .~___.._______.__ ---,---t-=--'-=-I ~~~n , , 
Per ctnt I P<'1' ctnt Per ctnt ! Per Ct'flt ! Prr cem Per cent 

July2..................................... 16.95 I 0 1.79' 4.02, 0.45 23.21 

July 7........... ' ..................... "" 27.651 1.0 5.02 ) 7.66 I 3.83 45.16 

July 13..... .......... ........, ......' 19.24 1.65 S. 74 f 5.55/' .59 35.77 

Juiy2O............. ,............. 19.69 .66 7.55t 2.95 .66 31.51 

July 27 ......... ............ 31.97 .52 S.H I 1.66 .62 43.18 

Aug. 3.... • ,. ..................._ 55,82 .28 6.43 . 1.42 .38 64.33 

,\.ug.10.... .• .•. ... .., .......-.. 62.42,1 .10 6.41 I' .57 . .29 69.79 

Aug. 1...... ........... ...... ........ ~~;__._19_!~ .2.03 I 0 79.34 


.A vcrngc...... r 7 41. IS ' .59 6.75 . 3. 22 I',' .93 'q 67_,_ 1 ~ iJ_. 

TAllLE 34.-J/ortulity of boll-wee/Ii[ stalles in hcttlging sqlt(l,res due to all causes, 
Florence. K C., 1925 

CUllse 
---.--.-------------------~-~ 

Dute 
Heat :predato.), p~rasit-I' ProUl- I~~s~ Total 

Ism erution known
! I t'Uuse 

P"T crot : Per Ctnt !Per cent Per cent IPer cent Per cent 
July 13.... ... ........ ..... 11.95. 1.26 . 2i.07 0.631 3.14. 44.65 
July~J().... . ." 2O.UO,' 0 35.63 0 0 56.32I
July 27... __ ....... 20.20 2.02 32.33 0 0 54.55
c' ... ..... 

Aug.3........ ." ...... 2'&.19 0 33.33 0 0 56.52 
Aug. 10..... 27. OS :!. 08 27.09 2. OS 0 58.33 
,\u~. 17___ ..... . IR 75 0 9.38 0 0 28.13 

A.\·crnga.___ ........... ...........i~~1--:i9.56 ----.-40-1~----w:6i 


In 1926 the total mortality III fallen squares was 38.71 per cent, 
which was lowor than in 1925. Cfable 35.) The Gw've plotted out 
1'01' this shows a considerable difference as compared with that of 1925, • 
in that the highest death rate, 71.18 per cent, occurred much earlier, 
namely, July .22. A. second high point, which was lower than the first, 
was l'eaehed August 18. The total mortality in hunging squares was 
slightly grE'arE'l' than that in. faUenones, averaging 40.9 per cent 
dming the short pE'riod in which examinations were made to determine 
this. The maximum mortality in fallen and hanging squares was 
recorded 00 the same date. (Table 36.) 

TABLE 35.-:.lIortalily of OOIl-IN'I'I'il stayes in fallen squares due to all ca1Lses, 

Florence, 8. C., 1.926 


---~-~----.--.-.. -.-..-----.---------.,...---

Cnuse I

' I D isense Totn!Dnto 
fr'ent :P ., t Pnrasit- Prolif· or un· 

, ; reuu ors Ism I emtion known 
: I l11Use 

.. :------~-.-----
, Per cmt Per ce1lt I Per cen.l i Per cen~ Per cen/. Per c~nt 

July5toJO......................... : 29.19 0' 1.43, 0.00 4.31 30.89 
July 12 to Ii ..... .. ... ;9'. ~,"Ol 0 I 8.33 : .66 4.83 34.05 
July 19 to 2·1. .. ... ......... .... '0 o! 0.51 I 0 12.9i i1.18 
July 2flto :11,.. ...... .. c........ 24.74 O. 8.95 ! 1. 05 4.38 39.12 
Aug.~to7 .. _. . .. ~~~~+ l·J.~ O? ~ 1~.3~ t g., ~ ?~ 2~.49 
AU!>.9t(ll4 ............ 21.!lR 0.--1, ,).J_, _.1_, _.30 3.. 71 

1Aug,WtO.!!l .~_+ •• + •• ~~~~. 33.25 0 I 7.251 2.75 2.50 ·15.75 
Aug.23t02~.. .......................... 17.;i3 0 6.77 1 0 , J.20! 2:'.50 


_.AvOrnge.......... ~::•.:::=== ...... - 2:..~3... .U!._! . .::~L_.:.~.~--as:7i 


http:1--:i9.56
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TABLE 36.-11Jl)Ttality of bolkveevilstages in hanging squares due to all causcs, 
Florence, S. C., 19i!6 

Cause 

Date l ! Disel~:- Total 
Heat Predators Pnrnsit· I ProHI· I or un· 

ism 1 ,mUon I known I
r 1 cause 

--------------,------ ,1---,------
Per cent IPer ce'llt Per cent IPer cent '1 Per <f'lIt !Per cent 


July6lolO.,,, ...........................< 10.491 0 10.0& 2.82 1.61 25.00 

July12lo17.- ""'''''''''' ........... : 13.50 0 2'2.59 .55 4.41: 41.05 

JulY,19to24..... , ... , ................... : 14.21 1 0 37.90 I .53 1 7. 89 t 60.53 

July23to31 ..............................: 0.681 0 27.42 0 \ 6.45, 43.55 


--- • j
Avera~e...........~-:•• ~.=-.~.:.:.=.....!_ 12.51 L.__OL 2:1. 71 1 1.16l 4.52'1 40.90 


SUMMARY 

Cllluute exerts a very important influence upon the seasonal cycle 
of the cotton boll weevil at Florence, S. C. Unusually low tempera
tures, su.ch as 11 0 F. or lower, appear to be unfavorable for the over
wintCl'ing weevils. Hot, dry summers, as experjenced in 1925 and 
1926, Ill'e also unfavorable, The frequency of rilins, as well as the 
total minIsl!, has an important bearing on boll-weevil development. 

After being punctill'ed once, a square remruned on the plant, on an 
average, 7.35 days: ,,"nen given thoir preference, weevils never 
punctul'ed squares less than 6 days old for egg depo.,ition. The 
younger a boll was) the greater was the average number of heding 
pUlICtures made by weevils in a 24-hoill' period. 

In two varieties of short-stu.ple and one of long-staple upland cotton, 
more egg punctUl'es per boll were made in boUs frOID 6 to 20 days old 
than in those 1 to 5 days old, but after 20 days the number per boll 
dropped steadily. For these same varieties the average cotton loss 
in terms of locks damaged or destroyed was highest in bolls 1 to 5 days 
old, and it dropped rapicUy for all truee varieties until the bolls 
opened. 

There was a maximum of four generations per season, of which :the 
first. and second were large, whilr the third and especially the fourth 
were incomplete. Most of the emergence and oviposition of the dif
ferent broods came before the middle of August. 

The seasonal cycle of the boll weevil was closely correlated with 
and dependent upon the fruiting of the cotton plant. Development 
of the weevil was most Tapid during the period of maximum produc
tion of squares and was cheeked after the plants had shed most of 
the' squares and young bolls. 

The average longevity of ovel'\\'intered weevils in hibernation cages 
before cotton was available fo1' food was 5.65 days. In the late fall 
weevils may live as long as .29 days without food or water. In field 
eages the average length of life before squnre formation was 8.13 
days and after square production it was 19.~2 for males and 15.99 
for females. The maximum longevity was 82 days for males and 
81 for females. In these same eages the preoviposition period averaged 
7.21 days, the oviposition period 12.66 days, the nverage munbel' of 
eggs deposited per female 81.21, and the dnily rate of egg deposition 
6.42. The maximwn fecundity in field cages was 440 eggs. The 
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Iwerage p(,l"lod of de\-elopment in squares in the field was 18.3 daysand in boll~ :32.:n dllYs.
In tumbl('l"s tIl(' a,-erage longevity of on'l'willtered wee\-ils beforesquares wen' produced ill the sprillg was 14.01 days, and, after squa,reproduction began, 64.39 for males and 57.79 for females. In thesesam(' turnbl('rs the pl'eoviposition pel'iod ao;;eraged 8.24 days, theoviposition period 52.G days, the a\'(~rage nwnber of eggs per femaleWitS 120.95, Itnd the daily rate of egg depusition 2.3 eggs. In twnblersth(' maximum longe\-ity was 140 + days and the maximum number of('ggs deposited WitS 423.
The a\rerage pNiod of devE'lopment of thE' boll weevil in pickedsquarE'S whf'n placE'd .in the insectary was 14.42 days.
The' avel'nge daily rate of egg deposition iu lantern-globe cageswas 7Aa e'ggs, and the lll!l}'-llwm fecunclity was 631 eggs.\Yhen the wee\'ils were fed on bolls the a\reruge longevity for males\\'as "}8.02 days and fot' femules 5G.43, the preoviposition period .5.64,the oviposition period 49.88, the total number of eggs 54.78, and theaVf'rage daily rate of oviposition 1.1 eggs.
The avemge longevity of overwilltered females mated the previousfall WItS 79.2 days, the preoviposition period 7.9, the ompositionperiod M.8, the fec unelity 90.5 egb"S, and the average daily rate ofoviposition lAO r~gs.
Disprrsalby (light wa", infiuenc('d by temperatllI'e to a slight extentafter it had aU'eady begun, more wee,-ils being in flight when thetE'mperatlll'c was high than when it was lower. Dispersal was correlated with tht, intelTe1ation between weevil population and squareproduction hy thr (lItton plant, or, in other words, with the percentageof .lnfrstation. Trap-crop records illdicate thllt weevils were flyingfrom fidel to field at least as early as -'-uly 13, 1925, and July 22, 1926.The nverage win tel' SUITival at )rence, S. U., for follI' seasons(fall of 1922 to spring of 1926) was v.27 pel' cent, the maximum was11.05 pel' (,E'nt in 1923, and the minimum 0.35 per c,'mt in 1924. In1925 and 192G, 3.17 pel' ('ent of weevils slll'vived in field cages aseornpared with 4.31 pel' cent ill the woods under conditions otherwisethr R!lill('.

The shelter giving the most protection was piled cotton stalks,tiw survjval in t;lus material for the period 1924 (fall) to 1926 (spring)!l.wmging 5.64 per eent. The slu:vival in other shelters was as follows:Cornstalks, 4.03 per.' cent; pille straw, 3.56; Spanish moss, 2.63; sawdust or shayillhl');, 1.37; oat. straw, 0.72; and cage only, OA3 per cent.For fow' years (1923 to 192G) 21.26 per cent of the weevils Slll'viving rmerged in March, 41.78 in April, 29.19 in May, 7.76 in June,and 0.11 ill July. The pet'centage of emergence in all hibernation{'age~ at date of first square formation ranged from 99.1 ill 1923 to90.02 in 1925.
ThE'l'e was a definite relation between rate of emergence and typeof "hrIter. '\Veevils in pill(' straw, C01'llstall\:s, and Spanish mosscontinued to emerge later than those in other shelters. The dates oflast emergenee from the difrerellt shelters for the 3-year period wereas [ollows: Sawdust, i\Ja,v 11; c'!:;;e only, i\lay 29; Spanish moss,JUD(" 5; ('otton stHlks, June (); oat s~raw, June 9; cornstalks, June 16;and pitH' ;;traw, ,Julle 17.
Tho lIligration of oV(;'rwintl'recl weevils to cotton after emergcllee,a;; deterwined by llleltHS of trap crops, showed that in 1925 large 
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numbers migrated t.o cotton from 'May 14 to June 22. Field counts 
made in 1925 likew1se showed that oven\'intered \\'eevils continued to 
entel' cotton fields during June. 

In 1925 and 1926, 64.45 per cent of the overwintered weevils 
('m(,"~ing from hibernation beJore cotton came up Jived longer than 
one Clay. f-)omc of these remained active and alive in the cages for 
sevrl'aL clays 1)(.Jore dy'ing, and others Ie rehibernated." These 
)'rhibrrnfltion pCl'iods vllried in length, but one weevil Ji\Tcd at least 
as long f(S G2 days after first emergence. In April, 1925, there was a 
d<'finite reappearanee of March-emerging weevils which extended 
unlil ~Iav 12. 

\Y(wkl.~ ('ollections of Spanish moss made from September to 
;\'"0 \'('111 I>Cl', 1925, showed that some weevils entered hibel'llation as 
NLrly as Scptemher 1. Field COllnt.'l showed that there was a notiee
ubll' l'edlletioIl in the weevil popuh),tion in aU fields after the second 
wc('k in Oetobel' in 1925 and late in September, 1926, indicating that 
th(' heavie;o;t mov('!n('nt to hibernation began at about these dates. 

Six ~pe{'iefi of pl]'/'Ilsites wer(' reared, as follows: ~1icrobracon meZlitor 
(SIlY) , ('atolaccll8 hunteri ('wt'd., E1.l'rytoma tylodermatis Ashill'., 
EUjJelmu8 cyaniceps va/'. amie-us Gir., 'l.'tiasp·is c1J1'C'ulionis Fitch, and 
ZatropiN incertll.'! AsJun. Among lhe~e JI1. mellitor was the most 
Ilum~'I'OtlS and important. 

The gl'('atest Ulo.rtalily in fallen squares was rlue to heat, averaging 
41.1H p<,r cent in ]925 and 25.7:3 per cent in 1926. The mortality 
cflUsNI by pllnlsit('s a\'el'llged 6.75 pel' cent in 1925 and 7.84 per cenli 
in 102G. Predlltors caused death rate!'. of 0.59 and 0.03 per cent; 
pl'Otiferation, 3.22 and 1 pel' eent; disease or unknown causes, 0.93 
and 4.11 prj' eent. 

The mortality of the weevil clue to all causes in fallen squares 
HV(,l'flged 52.67 per cent, for July and August, 1925, and 50.G! per cent 
in hanging sqUHres duril1g the sa11](, period. In 1926 the seasonal 
average wus 38.71 per cent in, fallen squares and 40.9 per cent in 
hiWging squares. 
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