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INTRODUCTION 

It is fortunate fOI' the' Amcl'i(,Hn ('ottO]] p'O'TE'l' thnt the boll1yc~cyjl 
(Antlwnom;u8 !jl'alldi8 Holl.) is of t I'opieul ol'ig-in. Itf; eapHeity for 
multiplication during fhe summer lll()]]ths is so great that C'ottmi pl'O­

duction beCOllle'S a racc bebyepl1 the ratc of il1<:l'NlSe of. tilt' wcc\'ii 
and the rapidity of. c1cyclopme'nt of thp fr1lit on the ('ottOIl plant, 
and cotton production would bc out of tilt' qllC'stioJl"-Pt'e it Jl0t fot' 
the fact that throughout mo;;t of the infp::-;tpd districts :in the rnited 
States 11 high percentage' of the falI Jlopulation of w(,(,yjlg :fa iIs to 
survive the win/'cr. Com;eqllcntly, tile mUllb(,t' of HlIl'vivi])(r ,\'(,('yils 
becomes of paramoLInt impo-rtanec aml all pos:;iblc iniol'll'.llitioll on 

'.AlIbluerlllltiou testH fl'Oll1 HIla-HI 10 Jlln. 2;. 10:11. Ilf' Tllllulnh. 1.11 .. weI'" ('onduvU'1/
Ululer the direction of II. H. C<lIId. 'l'H] ;<llle,· thui: tllIW uude!' Ih., (lin'din" of th.· u"tll(lf. 
~'he field work WIlH IW"COrJIll'U P.I' G. L. GnulHoll, ~l', C, BartH)!', H. W. Howe. H. W. L(·c • 
.E. S. ~rucker, ?\f. T. Youll~~ H. c. Xoun~;, It. \V. ~1l)n'lnlld, .1;'. It". Bondy, ~r. 11. Cassidy. und 
G. L.. Snilth, tHaI" llUI1lUCl' (If tCIlIPOl'ltr'y ,assista1lts. 

,@ 1439790-3;;--1 	 .• " 
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this critical period hi the weevil's life should be obtained. This is 
especially important because sllrvival is influenced by so many vari­
able factors and also because of the ability of the species to adapt itself 
to a.dverse conditions .. It will be necessary to e~.-tend observations 
over a long period in order to determine definitely whether the boll­
weevil may permanently change its habits as a result of repeatedly 
adapting itself to conditions in new environments. 

Uncler normal conditions comp!lratively few factors dominate in 
the matter of survi,'al but unusual circumstances may cause a factor 
ordinarily of minor importance to become of prime significance. 
Some of the best l."Ilown snrvival factors may be designated as fall 
fuod supply, winter weather, type of sheltei·, and s{lring weather. 
",Vet weather durin~ October and November tends to Insure a larger 
emergence of weevlls the following spring, as this is favorable to 
late cotton growth, which, in "UI'll, increases the available quantity 
of feeding ancl breeding material for weevils, thus enabling them to 
enter hibernatioll in bettcr condition. The date of the first killing 
frost :is also vcry important. A frost 1 1>1' 2 weeks earlier than usual 
will greatly reduce the weevil survival, whereas a delaying of the first 
:1'1'ost may intl'case it. Premature defoliation of eotton plants and 
(lest ruction of the squares and young bolls by the cotton leaf worm 
(A la-bama Cl1'gilla.C6(l. Hbn.) may affect the condition of weevils enter­
ing hibernation. The effect of altitude, latitude, available hibernation 
quilrtcrs, and many other local :factors further complicate the problem 
and adcl to tbG diflkulties of obtaining reliab.le und exact information 
on anyone survival factor the significance of which is not open to 
questjon. 

The importance of 11 study of bollweevil hibernation has been real­
ized Ly investigators from the start, and various experiments along 
thi.s line hllve been conduded in different locaiiti{.'s. These have per­
mitt~d somegent'ml cunclusions to be drawn, but the s1lbject is so 
complicated that the need of a broader series of experiments extend­
bg over a longer period has been obvious. Consequently, such a 
Rtucly was inaugurated at the Tallulah, La.., licld labomtory of the 
Burea u of Entomolof,"Y in the fall of 1915 amI was continued to 1931. 
This bulletin presents the results of the study from 191~16 to 1930­
31. with the exception of the winter of 1926-27, 'when the hibernation 
eages were destroyed by the on~rflow of the ~Iissis!:iippi River. . 

Experiments of tbe saIne nature were eal'l'lec1 on at 17 cooperatmg 
laboratories, the results of which are discussed on page 26, 

A study of the inffuence of the bollweevil on the cotton crop of any 
pal'ticula'r yt'lll' mllst start with the conditions existing during the 
preceding fall. Thp factor for first consideration is the number of 
:weevils elltering hibernation ancl their condition at that time. Next 
jn importance is tbe winter mortality, the result of which is generally 
expressed as "the percentage of survival." The time of emergence, 
the proportion ~f weevils that "Hcceec1 in infesting cot.ton pl~nts, an? 
the effect of sprmg and summer weather on the rate of w.eevII multI­
plication must also be consic1erec1. It is therefore seen that the 
amount of w('evil damage is the result of all these influencing factors, 
ratlH~r t1um uny one of them. Each of these fllctOl:S constitutes a 
separate subject for study, but in this bulletin the disclls8ion is la!gely 
confined to only one phase of the problem, that of the factors mflu­

t­
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eneing the percentage ·of survival. For this reaaon caution should 
.be exercised in interpreting these results in terms of weevil injury. 
It is evident that spring population must depend on the percentage ·of 
survival orr the number entering hibernation the previous fall. In 
the same way, the initial spring infestation depends on the propor­
tionof these survivors that reach cotton plants and live long enough 
to produce progeny. The problem is further complicated by rehiber­
nation. It is well known that some weevils in hibernation becomeac­
tive and .stir around at times during the winter when there is a warm 
spell of weather. The number of active weevils increases as the warm 
weather of spring approaches, and continues to increase until the end 
of the emergence period. Any study of cage obseITations clearly 
shows that many weevils become active beipre growing cotton ap­
pears in the field. Some of these die before squares are available for 
breeding,but others survive. The above interrelated factors are 
mentioned aUhis time chiefly to show how easily inco!'rect interpreta.­
tions might be placed upon the result of any one series of tests 
included in this bulletin. 

The effect of low temperatures in killing weevils has been very 
carefully considered; however, the weevils are not actually exposed 
to the recorded air temperatures, and the present study is concerned 
with the resistance of the weevil and its ability to survive differellt 
atmospheric temperatures when protected by various types of hiber­
Jlationshelter, us data of this type have the most practical :-,ignifi­
cance. 

PLAN OF EXPERIMENTS 

The ideal plan for .a study of bollweevil survival would be one in 
which it would be possible to count the 'weevils entering hibernation 
in nature in the fall and those emerging in the spring. This being 
obviously impossible,experimental conditions as nearly natural as 
l)ossible were created. This involved the use of cages covered with 
screen wire; and, as far as possible, aU methods were standardized and 
remained constant throughout the series. However, experience has 
shown that, even with precautions, it is not always possible to obtain 
natural conditions':md, consequently, results obtained in c~~es cannot 
be accepted as valid for natural conditions without verincation in 
the field. The principal merit of the cage tests lies in the fact that 
they are comparable with one another and with the results obtained 
by other investi~ators who used the same methods. 

The cageG utilized in these experiments were 4: feet square and 4: 
fetlt high, inside measurements, strongly constructed of wood, and 
covered with l6-mesh galvanized screen wire. 

The ground on which each cage was placed was carefully leveled, 
smoothed, and lightly packed. The cage was placed upOJi the pre­
pared site and securely nailed to stakes driven into the ground at 
each corner. In addition to this, one or more wires were placed 
across the top and securely fastened to stakes at some distance from 
the cage on each side. Several inches of soil was packed around the 
outside against the bottom of each cage. The hibernation material 
was placed in the cage, which was then ready to receiye the weeyils. 
A general vieW' of the .arrangement of these cages is shown in figure 1. 

In all experiments the weevils, with the exception of those 01 series 
13, were collected from the cotton fields in the. vicinity of Tallulah 

. t 
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immediately before being placed in the cages. Five hundred weevils 
wete liberated in each cage, except in special studies. They were 
introduced into the cages in jars. The lids were removed and the 
jars left open in the cages for 24. hours, after which they were re­
moved. The weeyjIs unable to cmwl from the jars were counted and 
discarded, and subtracting their llUmber from 500 ~aye the number 
actuall)T confined in each ca¥e. In this way weaJdings and those 
injured in handling were elimmated. . 

Since meteorological :factors are of the utmost importance in their 
effect on weevil hibernation, spcdal obselTutions have been made to 
compare conditions within the cages with those in the open field. 
Various experiments conducted clueing se\'erul seasons 11ave shown 
that the screen wire has a marked effect in either raising or lowering 
the tempel·atuJ'e.~ 

FIUL.:It1:: 1.-G~~llel'nl view of hiiJcl'wttioll cage::;, 

A !;(,l'il'S of (,xperimcnts conducted by Kirnball;' showed that" a 
plant in any part of the cage should receive on anuverage at least 
one-half the total solar amL" sky l'udiution, unless it is very close to 
the sonth side of the cage, and is considerably south of latitude 40° N." 
In another series of observations at Tallulah,2 an anemometer was 
placed in a cage, ullll the reading therefrom, compared with that from 
one in the open ail', sho,,'ed that the ail' moycment within the cage 
was c1ecreased about 50 pel'cent, a condition that would materially 
affect both evapol'lltioI1 alH] humidity, This fact has been verified 
by other tests which showed decreased evaporutionancl increased 

!!...11A1WP.H, 'J\ c. ~11~MPlml\'ITItE S'j'GIlIES ("'xomt :SOItMAL ANn YAItYISO ('OXJ)I~'10NS AT 
'J'Ar.r.m~A'Jl, LA.. II'lxnm 01' 1Il',,-10. Munnscrlpt I'cports. January 1017, 

• KI~III.1l,r,. 11. H. SHAIlIXG }WI"'C"P Ill' \1'1111; lNS~;C'l' CAm)!;, U. S. Monthly W"nther 
He\', 44 : 501-[;00, lilliS, 1m G, 
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humidity within the cages. It is thus seen that there is a wide dif­
ference between conditions within the cages and in the open field. 

In connection with these cage tests meteorological records were 
made. Instruments were installed near the cages and such records 
as those of maximum and minimUlu temperatures, humidity, and pre­
cipitation were made. This bulletin, however, deals only with those 
phenomena found to influence the results. 

At the outset the tests were arranged in numbered series hl such a 
way that each series afforded a study of one experimental variable. 
The general procedure was to prep!ire the cage with the necessary 
hibernation material and release the weevils ut the desired time. 
Daily records were made of aU weevils observed on the top and sides 
of the cages until activity ceased. The cages were then left undis­
turbed until March 1, at which time daily observations and removal of 
emerged weevils were begun. 

One important variable was the kind of material provided for hiber­
nation shelter, but for check purposes and in all tests of other factors 
Spanish-moss (Tillarndsia u.sneoides L.) was used as the shelter. In 
all cases the quantity of hibernation material was uniform and re­
mained so throughotit the tests. 

The detailed yearly records are omittecl because of the space that 
would be required to present them properly. These records include 
the dates of cage installations during each fall; weevils found active 
from the time the cages were installed until all weevils had entered 
hibernation; daily emergence records for each cage from March 1 
until emergence was completed; summary of weevil emergence in 
each eage and in each series; and temperature, humidity, and rainfall 
records from the time cages were installed until emergence was com­
pleted the following year. , 

Series 5, 8, and 14 are not discllssed in this bulletin as the tests 
in these cases were for another purpose and not connected with the 
investigations here considered; and the records for series 2, 3. 7, 10, 
and 11 were so fragmentary that no definite C'onclusions could be 
gleaned from them; they are, however, included in the general sum­
mary tables 10, 11, anc113. 

SCOPE AND RESULTS OF THE TESTS 

RELATION BETWEEN DATE OF INSTALLATION AND WEEVIL SURVIVAL 

Series 1 was conducted through 15 seasons, from 1915-16 to 1930-31, 
to determine the relation between date of 'weevil installation and sur­
vival. Spanish-moss suspended on wires stretched diagonally across 
near the top of the cageancl cotton stalks stripped of fruit and leaves 
were pl;ovicled for hibemation shelter in each cage, as illustrated in 
figure 2, A. 

The cages were installed at weekly intervals each year, usually 
starting in the first or. secoml week of September and continuing as 
long as sufficient weevils were available, the latest being on December 
3. ~lost of the weevils, llOwever, w€re in cages installed during the 
period from September 8 to November 11. The earliest cages of this 
series simulated the effect of an early frost or the early destruction of 
cotton plants, either of which, by depriving the weevils of food before 
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any great number of them are in condition to survive the winter, 
would subject the weevils in the fields to conditions similar to those 
of the cages. The condensed data from these tests are given in table 1. 

rc--~----~------~~··~~~------~--~-~--~·---~--'~~7~3m

I:, 

FIGUUil 2.-Typlcul hilw.rnatioll cnges: A. Cll~e' in series ] with Spanish·moss and 
cotton stalks for ahelter; B, cllge in .series 4 with oat straw for shelter. 
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TABLE 1.-ReZatiQtz, of date of 'installati01i to 1veevil 8un;;vaI, Tallulah, La., 
1915-16 to 1980-81 

[Summary of series 1, Spanish-moss, and ootton stalks for shelter] 

Wee- "Tee_ 
Date or Installation vIIs in- Emergence Date or installation vIIs in- Emergence

stalled stalled 

Num- Num· Num· Num­
ber ber Percent ber ber PercentSept. 1-7 _______________ • 5,880 Oct. 27-Nov. 4 _____• _____ 10,886 

Sept. 8-14_______________ 8,344 8 .10 Nov.5-11._.__•__ •____••. 6,902 178 2.58 
o 0.00 318 2.92 

Sept. 15-2L_. ___ ._______ 8,103 56 .69 Nov. 12-18.._..........._ 2,954 i8 2.64 

Sept~28_______________ 10,323 77 • i5 Nov. 19-25•••_._....._.__ 2,880 17 .59
Sept. 29-0ct. 5________ ._ 9,663 188 1.95 Nov. 26-Dec. 3.... ______ .2,659 29 1.09Oct.6-12_____________• __ 10,560 107 1. 01
Oct. 13-19_________.._"__ 9,322 107 1.15 Total 1........ _____ 98,858 1,428 1.44 

Oct.20-26__ ..__ .._______ 10,382 265 2.55 

1 In tables 1 to 10, inclusive, alld in table IU, the" total" at tbe [lOHom of a .. per­
cent .. column constitutes It weigbted average. 

The high average survival of 2.92 percent was in cages installed 
during the 7 days ending November 4, though there is comparatively 
little difference in results for the 4 weeks extending from October 
20 to November 18. Evi­
dently this period, on the 2.5 

I\.average, was the most fa­

vorable time for weevils to ~2.0 

enter hibernation. N atu- ::: / I\. 

rally the lowest survival ~ --r-­1.5 

was in the September in- ~ 1.0 L 
:.~ 


stallations. The fact that ~ /~

during the different years 12 iil.5 
 ,/cages, containing a total of 

o ./ I 
5,880 weevils, were installed I 15 30 J5 31 15 3 

sePT. OCT. NOY. Ole. 
P(.RIOO or CAGE. INSTALLATIONduring the first 7 days of 

September without a single FIGURE 3.-Relatlon of date of clLge Installutioll to . d"d I ... bollwee\"ll 8un'I\'ul, Tulluluh, La., If11n-l(j to m IVI ua survIvmg IS par- 1030-31. 
ticularly interesting. 

To throw further light on this subject, another summary has been 
prepared, the data of which are presente!i in table 2 and illustrated 
graphically in figure 3. In this summary all cages have been included, 
regardless of other conditions, and are classified solely on the date 
of installation. This brings in a much wider variety of conditions 
and greatly increasGS the number of records involved, thus permitting 
more representative averages. In this summary the cages have been 
grouped by approximately 15-day periods. The highest survival 
occurred in cages installed during t.he latter half of October and the 
next highest during the first half of November. It is during these 4 
weeks that the first killing frosts, which may cause weevils to enter 
hibernation under natural conditions, usually occur in this locality. 
A fairly high survival is also noted in cages installed aft.er November 
15. The low survival with early installations is further emphasized 
in this summary, which shows quite clearly that to derive any benefit 
frQJll fitll stalk qestr~ct~l;)Jl in t~e average year at Tallulah? It woulq 
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be necessary to clean the fields earlier than October 15, and that the 
maximum benefit could be expected only where stalks were destroyed 
in September. 

TABLE 2.-Relation of date of ills/ltllation to 'Weevil 811I'viva~, 'l'{£lZulah, Ln., 
1915-1(j to l[),'JO-B.1 

[8l1mmllry of flU cnges nl1l1 n11 shcl1er~l 

I 

IWee"lIs "\\'00\,1151 

Date of installation in· Emergenco Dato Qr installation Emergenco
in·stalled stnilerl 

.--
Number Number Percent Number Numiwr PercentNo\'. 1-15________ ._.___ 

73,770 261 .:15 9,44-1 12:\ 1.30 
Sept. 1-15••••__•••____• 01,460 11 0.02 00,050 915 1. 51
Sept. 16-30••_______•__ Nov. 16-Dec. 3 _________
Oct. 1-15_______________ 1,531 1.22Oct. 16-3L____________ • 125,325 

TotnL .•. ___ ._. __ ------ ­
99,607 2.405 2.41 430, a04 5.240 1. 22 

SURVIVAL OF UNFED WEEVILS 

Series 2 of the tests was started in 1915-16 and repeated in 1916--17 
to test the hibel'llating abiHty of weevils that had been deprived of 
all food since emergence as aclults. The weevils used were reared in 
the laboratory from infest~d squares collected in the field and were 
releasee 1 in the cages without havinrO' had opportunity to feed. In the 
cage used as a check, field-collectec weevils were released. Spanish- .. 
1110SS suspended in the cages afforded the hibernation shelter. This 
was one of the series of tests that afforded no definite results. 

SURVIVAL OF UNMATED FEMALEs 

Series 3 was undertaken in order to investigate the ability of 
unfertilized females to sl1rviYe the winter. The series included cages 
containing reared female weevils that had had no opportunity to 
mate after reaching maturity, and, for comparison, other cages con­
taining field-collected individuals. Spanish-moss was provided as a 
shelter. This series was conc1uctad for only one winter, that of 
1915-16 , and, as with series 2, offered no conclusive results . 

• 
COMPARISON OF VARIOUS SHELTER MATERIALS 

OAT STRAW .\1:; Sl1E1~TER 

Series 4: was conducted for 15 seasons, from 1915-16 to 1930-31, 
to study weevillubel'Ilation in oat straw and to compare this shelter 
material with Spanish-moss. Two cages, one with each materia1. 
were installed on the same day at biweekly intervals during the faU 
of each year. A cage with oat straw is shown in figure 2, B, and It 
eheck cage with Spanish-moss, snch as was used with all the tests, 
is shown in figure 4, A. 

The results of this test are given in table 3. In the final average 
there was only H. slight difference between the protection afforded 
by oat straw and that afforded. by Spanish-moss, the survival in the 
Spanish-moss being 1.(j0 percent and in the oat straw 1.24 percent. 
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TABLE a.-Comparison of S]Jal1i.~h-lIIQ88 a,nll oat .~lra1V (l.S bol/wcevil slteltcl', 
Tallulah, Ln., 19,15-16 to 1980-81 

[l:l\lIlllllllr~' of series -I] 

Spunish'lIIoss shelter Oul-straw shelter 

Duto (If Installation I I I ".eevlls 
J"'eevilS l'lIIergellf'e Installed 

II Emergence 
__________________________l__n_st_al_le_d ____~----- --- '----,---­

i,Vumber Nlimber Percellt Xllmber .iYumber Percent 
5 "13 10 0.19 5,461 3 0.05tg~: ~ljlct:ii:::===::::=:::::::::::::::: 0: 783 52 . ii 

' 
6,668 II .16

Oct. 11-18__________________••_.____•••••• 0,315 133 2.11 6, Ji6 AS ].38 
Oct. 2.5-Nov. 6_ •• __•••••••••• _••••••••••• n,81l 200 3.02 O.Oii 210 a.15 

TotuL ______________________• __.___ 25, 122 401 ].60 24,082 309 1.24 

A comparison of Spunish-moss und a tree stump as weevil silelters 
was nfl'orded in the tests of series 6, conducted during 1915-16, 
1916-17, and 1918-19. li'ield observations luwe called attention to 
the danger of stumps as weevil shelter because they are usually 
surrounded with musses of weeds and grass that are allowed to re­
main over the winter. The preceding test with oat straw, a some­
what similar material, showed the place of the ma.terial as an aid 
to successful hibernation. 

The purpose of this series was to study the possibilities of the 
bare stump as It protoction TO)' hibernating weevils. On each date 
of inst:Lllatioll a cage wns placed over a stump cleared of grass and 
weeds, an,d 500 weevils were introduced, while the same number 
were released in It check cage containing Spanish·moss. From table 
4 it is seen that while 1110re than twice as many weevils emerged from 
the moss as from the stump, the slll'vival in the stump cages was 
still high enough to be of import:tJIc(\. 

TAllI.~J 4.-(!01l/1)(U·iwJ1~ of SJlflniljh'II/ON'~ (/11(1. NIl/mil (/..~ 1J{)lllOe(!l'il,~7/('{/(!'" Tal/ulali, 
I,')., }V/5·-IIi, }II/I: II, (/I/Ii. l!I.lK-)!! 

rSummury of s"rfcs rr 

'--~-~·--I-- SJlflDISh'IIl:": shelicr l-~---;;:;~:Il;;--

Unlo of Installation l-,\-.cc-,-.j-IS"""'/:----·---.---I' We"\'lIs Ij l:lJler","IIM . I'JIICrpCllc"Instulled ~, ,~, , Instnlled ' b " 

----------------------I-----i-----~----l 
Numb" NUmiJer Percent Number Nl1mber Percent 

Oct. 20.............._••••. _•• ,........ 500 I 0.20 .100 I 0.20 

o .00~~\:.~2::::::::::::::::::::::::::::::::~: 500 .••••••.5..•••_J~~~. ~ll8 10 2,()0

No,'. 3. _•••••••_••• __ ••••.•___ •••••••••• ····--500· 22 4.40 ._•• __ ._._ 

J,5OCi 2S 1.S7 J,WI) JJ .73 

Under such circumstances the practice of piling weeds or grass 
around field stumps in the winter lind burning them is certainly to 
be recommended, ,lOt only as a means of getting rid of the stumps
and trush, but also as a weevil-control measure. 

143975°~-35--2 

I 
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F'IGCII~J ~.-JJilJc/'ulitlon CUgCH: A .• 'l'yplclil chc('k cngl' with Spnulsh·moss for shelter; 1J, 

II cage In sel'ie~ () with cornstalks for shelter. 
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CORNSTALKS AND COTTON STALKS AS SHELn:IIS 

A comparison of weevil survival in shelters of cornstalks, cotton 
stalks, and Spanish-moss was provided in series 9, which was carried 
on for 14 seasons beginning with 1916--17. Three cages, each con­
taining one of these materials, were installed at regular biweeldy 
intervals throughout the fall of each year. The test cages were 
partly filled with cornstalks (fig. 4, B) 1 or cotton stalks from which 
the foliage and fruit had, been removed (fig. 5, A). The Spanish­
moss cages were prepared in the usual manner of the check cages. 
Table 5 shows that the cornstalks proved to be the superior shelter, 
with the moss ranking second and the cotton stalks third. 

TABLE 5.-(1ompari801b of Spani8h-1II088, corllstalks, and cottOI/. .~t(/11.·.~ ail boll­
IrePI";1 s1wltel', Tallt/lah, La-., 1916-.17 to 19.'JO~'Jl 

[Summary of series 9) 

Spanlsh·moss Cornstalks Cotton stlliks 

Date of Installation Weevils Wee\'IIs/ weevI1s1In· Emergence In· Emer~~nee In· Emer!(ence
stalled stalled stalled 

I 
_-----i---~----\-----I---~----·i----1-----
Numbn Number Percent Number Numbtr Ptrcenl NU7llbn,lITumber Perunl 

Sept. 2-9_._._._.........._......... __ .•__........__ .........____.•• ........ 1,000 0 0.00 

Sept. 12-21..........__..... 5,270 10 0.19 5,198 8 0.15 5,709 3 .05 

Sept. 24-0ct. 2............. 6, i95 40 .59 6,696 48 •i2 7, 194 13 • 18 

Oct. 11-19................... 6, 234 93 l. 49 6, 189 96 1. 55 d. i86 55 .81 

Oct. 22-Nov. 6............. 6,34\ 165 2.60 5, i28 323 5.64 i,2(19 138 1.89 


~~~: ~::::===:=::::::::::: :::::::: :::::::: :::::::: :~:::::: ::::::::;::::::::) ~. ~ l:~ 

Total.............._•• 24,640 l-aos~ 23,SII 1!-mJJ.!i9! 28,988 l---;o-;:n


I ! __..:'___' ______ 

I This average is based only on the 4 periods that were covered by the a,'ernges obtained with Spanlsb· 
moss and cornstalk shelters. Including nil 7 periods, the avernge Is 0.75. 

~nXTUII.: OF CORNSTAT,KB, STRAW, .ANn BPANlSH'lIUSS AS RHt:r,Tt:ll 

Series 11 was conducted for only two winters, 191G-17 and 1918-19. 
A mixture of oat straw, Spanish-moss, and cornstalks was compared 
with Spanish-moss alone as a hibernation shelter for the cotton boll­
weevil. There was no emergence from the stalk-straw-moss cages, 
but as emergence was generally low in those two seasons the results 
cannot be considered conclUSIve. 

HIDIDINAnON ON DARE GROUND 

One cage with Spanish-moss and one with no shelter whatever 
were installed at biweekly intervals during the fall of 12 years 
(1918 to 1930), 500 weevils being used in each cage. The results 
are summarized in table 6, where it is shown that 1.83 percent of 
the weevils survived in the check cages with moss, whereas only 
0.09 percent survived in the cages with no shelter. Even this per­
~ntage of survival on the bare ground is rather surprising. 

http:1916-.17
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FIOUUJol fi.-f1lhernlltloll (,IIIlIJH: A. A CllllC III series !l with COttOIl stulks for shelter; B, a 
CII):l! ill series 16 COJltnlulllg sllwml11 ileiJrls cODslsting ur chlp~ IlUU pieces or bOllru 
IIml hurk. 



------------ ---
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TABLE 6.-Compari801~ of IiOlltveevil 8urvllva,~ i.1~ Spalli.sh-moss mId Oil. brwe 
ground, Tal/1tlalt, La., 11118-19 to 1D30-iJl 

[Summary of series 15) 

Spnnlsh·moss Baro ground 

Data of i.lIstnilnUon 
Weo"ils I l' Weevils Elllorrrelleo~mcrgonce I t II 1 ' 

____•_______•___._ ~I~ __--:___.I__ _ _ _1 1___;--__ 
I II 1 IIs n e 

Nllmber Number Perce1lt l'otumber Number Percent 
6,021 18 0.30 5,22·\ 1 0.02~~gt: ~ljlCt:2:::::=::::::::::::::::::::: 5,203 87 1. 05 5,120 1 ,02

Oct. 13-18•••••••__••••_.._............... 5,200 112 2.11 5,3;3 9 .17 

Oct. 25-Nov. 0........................... 6,300 18·\ 2.89 0,338 8 .13 


TotnL••••_........................ 21,952 ·101 1.83 22,055 19 .09 


SAW:1ollLL llEBRIS AS SngLTEl' 

Over a period. of 11 winters, fr0111 1919-20 to 1930-31 (except 1!)2~ 
27), series 16 was conducted to compare the protection afforded by 
sawmill debris snch as chips and. pieces of board. and. bark with Span­
ish-moss. The cages (fig. 5, B) were installed at biweekly intervals 
from September 14 to Novemucr G, as shown in table 7, with an avcr­
age survival in the debris cages of 1.36 percent as compared with a 
survival of 1.74 percent in, the cages with Spanish-moss. 

TABLE 7.-COIllf/Cl1'isol/ of SJlalliMI"1II01l,~ IIl/d 811/1:IIIill lleiJris (/.~ IlOll'lVeevil RlteUm', 
Tallulah, La., /.9111-20 to 19S(}-81 

[Summnry of series 10) 

I Spanish·moss Donrds, chips, otc. 
I 

Dnle of Il1stlllllltion 
WCQvlls\-­ 'Yec"i!sBmergenco EmergencoInsllllled/ Installed 

---, 

iY"7IIber Number Percrnt Nllmber J'Tum~cr Percent 
M_ .... _Sept. 14-19......................._•• 5, lSI 18 0.35 5,122 0 
 0.00Sept. 29-0ct. 2 ___.......___ ..._.....
----- 5,31-1 07 1,20 5,244 28 .53Oct. 13·18......._.................__ 
---..- 4,848 67 1.38 4,885 88 1.80Oct. 29-No,'. 0. ___ ••_••_._......._. .... _-- 5,310 20; 3.89 5,283 
 163 3.09 

'rotnl. ____ ._ .............._._. ~--- ....... 20,0.15 350 1.74 20,53·1 2iO 1.36 

. . •• '0". ____"-.. .. .. _d .._,~. ~ ~--~~.....". . --'-----

Series 12 was conducted for 13 seasons, beginning with 1917-18, 
to study the effect of roofing the. cages with boards and covering 
the sides of some of these with boards and of others with canvas 
(fig. 6, A). Spanish-moss was used as the hibernation material. 
'l'hree cages, 1 altogether open as It check cage, 1 covered on the 
sides and top with boards, and 1 roofed with boards and. having 
canvas sides, were installed every 2 weeks during the fall of each 
year. 

The cages sided with boards were entirely ruinprooi, but It little 
moisture could enter the cages enclosed. with canvas. The series 
was designed to flirnish conditions as similar as possible to those 
that would be found by weevils pussing the winter within or und.er 
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FIGlJlm (i.-UiuPl'nntion cngcs: A, po\'ered cages nscd in sel'ies 12 showing a cage with 
ClUlvas silies 1111£1 one with hoard sides; E, cllges protected by standing tiniber, series 18,

containing Spnnish-moss und cotton stalks for shelter. 



------------------
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'buildings, 'sheds, gins,etc., where, in addition .tosomep~'Otection from 
'cold, toe insects would also .escape the effects ·ofrainfall. Table 
.8 shows ;thattheemergence from the uncovered ~geswas roughly 
three times ,that :from the coveredon.:JS, with no significant differences 
between the ,survival in the two types of covered cages. 

TARgI8.-BoU.turetnl sum:lxU in "8pani8h~Os" shelter fJ,If ,atrectetJ by ,00000000flll of 
cage, Tall1tla1r,., La., 191"1-18 to 1930-31 

Date olinsta1latlon 

Sept. 14-19________________ 

Sept. 29-0ct. 6 _____________

Oct. 13-20__________________ 

Oct. '23-Nov. 6_____________ 


TotaL __._______________ 

[flummary of series 12] 

Cage roofed and sided Cage rooled wltb ,1XMrdS
Uncovered wire cage witb ,boards ,and sided wltb canvas 

Weevlls Weevlls Weevlls 
In- Emergence In- ElOergence In- Emergence 


stalled stalled stalled 


Number Number Perce..t Number Number Perce..t Number Number Perent 
5,159 13 0.25 5,246 3 0.06 5,192 1 0.02 
5,726 38 .66 5,878 5 ,.09 5,871 22 .87 
5,326 76 1.43 5,294 23 .43 5,228 27 .62 
5,812 175 3.01 5,900 82 1.39 ,5,752 44 .76 

22, 023 302 1.37 22, 318 113 .51 22,0f3 114 .43 

EFFECT OF STANDING TIMBEB 

Series 18 was conducted for 5 seasons between 1925-26 and 1930­
31 in order to study the protection afforded by stand4!g timber to 
the hibernating cotton bollweevils. Throughout the fall, cages con­
taining Spanish-moss and cotton stalks were installed at weekly 
intervals. These cages were in every respect like those of series 1, 
with which they are compared, except that they were located in 
woodland, as ,shown in figure 6, B. Table 9 shows that the average 
survival in the cages in the woods was 0.57 percent as compared 
with that of 0.88 percent in the cages of ,series 1 in the open field 
for the same years. 
TABLE 9.--(Jompari.~l)n Of bollweeviZ 81trvival -£no cagell in 1000ds and itl open 

(tcUl (Spanish-mo8S plus cotton stalks as llhelter), Tallula1r,., La., 19~6 to 
1930-!11 

,Date of Installation 

Sept. 1"'7______________________ 
Sept. 8-14_____________________ 
Sept. ,15-21.___________________ 
Sept. ,22-28_________------- ____ 
Sept, '29-0ct. Ii. _______________ 
,Oct. &-12______________________ 
Oct. 13-111___________________ 
Oct.:IO-26_____________________ 
Oct. 27-'Nov. 4_________________
Nov. '5-11 ____________________"_ 
.NOV.12-18____________________ 

Nov•.1~25 


Nov. 211-Dec. 3________________ 


[Summary of series 18] 

Cages In woods Cages In open field 

:----~------I---~-------I Dlft«­
Weevils 
Installed 

Number 
2,479 
2,465 
2, 467 
2,461 
2,462 
2,415 
2,438 
2,447 
2,952 
2,399 

960 
970 

---949 

Emergence 

Number Perce..t 
1 0.04 
0 .00 
2 .08 
5 .20 
6 .24 

18 .75 
'16 .66 
29 1.19 
45 1.52 
18 .75 
16 1.67 
3 .31 
0 .00 

Weevils 

Jnstalled 


Number 
3,453 
3,452 
3,407 
3,472 
'3,381 
3,385 
3,423 
3,450 
4,458 
3,424 

m 
1,500 
1,833 

,enOIl I 

Emergence 

Numlln Perunl Pcrcntl 
0 0.00 -0.04 
2 .06 +.06 
6 .18 +.10 

25 .72 +.62 
21 .62 +.38 
23 .68 -.m 
51 +.831.'"63 1.114 +.35 
59 .1.'32 -.. 
67 1.118 +L21 
36 3.68 +2.01 
2 .13 -.18 
.2 .11 +.11 

.' TotaL_____________________ 27,864 159 .57 311,615 347 .88 +.31 

I Plus (+) deJlOt.es Increaaed emerpnOll in cagee in open fteld,and minus (-) deoreIIIed ___ In 
,tboIII CIII!II. . 

http:deJlOt.es


16 TEOHNICALBULLETIN 486,U. S. DEPT. OF AGRICULTURE 

GENERAl, CO.\(P.ABISON OF AIL llIllERNATION z,r.A.TJo:JUALS 

The com})arlsons given show the results of the special tests with 
each kind of shelter, and, in orclerto afl'ol'cl a more general comparison, 
additional summaries have been prepared which include an cages 
classified by shelter materials regardless of other cond.itions. In 
table 10 is presented a sununary o£ tlie percentage of survival in 
different materials, while the rate of emergence is given in table 11 , 
to show any effect these materials 111:1y IHwe on the time when the 
weevils leaye hibernation. From table 10 it is Sf'en that cornstalks 
gave the highest average survivul of any type of.shelter, with Spnnish­
moss ranking second, and that the lowest snryiv:} I 'IVtlS r~'('orc1ed :in the 
cages with pare grollnd. The faet that no wcedls ('merged in series 
11 is not considered signifietlnt,as that series wtlseonCluctec1 for only.2 
years, am} weeyjl survival ill those }'l'lU:S \YIll:; low. 

TABU;: JO.-GCllcral .~/llIIma1'!I of !Joll/("('('ril 8l1rt:ival ';1/ (Ill ('(11/('8 c1a8si(i('d, 11/1 
71ilierll(l/i(1II Nhel/('r, Tall'u/ail, LII., .1!115-.16 /0 ./9.'10-:1/ 

Nuturc of sheller uud ~('ries " -__-_~_-_.-_._-'._____________ ~. " ..._ ______ _ ._I_'_\_·U_C"_'i_,~_'l_"iuswlleu _______ J,mergencc _ 

I 
PercentNll'lIIbcr ICornstulks (series 9)___•••••_••••••.•_•• _.. "" .• 475 1.00 

Spanjsbanloss (series, 2, H, 4,6,7,0, JO, 11, ]2, l:~, 15, Hi, .1('J .. ,.*- __ 2.14:1 1.00 

Rpanish·mos~, Jllus. ~otlon stalks (series 1). __..__•••.••_.._.___ ._ 1,428 . ].44 

SawlJIlIl debns (s('neslfl) ............. " ... '." ............ .. 1.36 

Oatslraw (~rie541._••.•-.... ........... • .......... . ~bg 1.24 

Cotton stalkS (series 0) ....................... "" .. __ ........... . ~16 
 '~!iStump (series Ii) ................_.......... ""..... .' ......... . II .,,~ 


Spanish·mosS, plus coLton stalks (in woods, serieS J;,) ........ . 1~9 .57 

Spanish·moss, and cnge covereu wilh hoords (s('rics I ~I' .... __.... )13 .51 

Spanish·moss, lUlIl cu~o covered wHh cnnms (series 12) ......... .. 94 .4:1 

Rnre "rQund (series 15)._.......___....._.............__......... . JO .00 

Spumsh·mo'<5, oat straw, and cornstalks (senes 11)_........ _••• o .00 


TotuL•••••• __....__..._.._.__.._____..____••••••• 5,240 1.22 

'rABLEl 11.-f;·nmmJlry of ,/'tll(' of 1tl(,I'1'i) ('1I1('/'!I('I/('I' I 11·0·m l'l(riOlll! "he-Hers 11,~('(l 

iI/ hibcri/lI/iOIl cay('.Y, T(l1/lIlall, La., ./!JI5-16 10 l!I.'JO~jl 


Nat.ure of 5iJclter l\hlrch. l\[arch I lI~u~ch.i 1\Tnr(·h .lIm! i April, und , \prii M,;}' u\(lrtl,M.!I}·, 
"\lInl , 1I1ny ('" lloa'June' I JUuc.1\.nd 

, July 
.~. ___~._ 1___­

i
 
t J lYrl'lll·' I'(( .. t ,.YUw.! Pcr· r~YU1ll-1; Pt'f- '.i\'""Jl11l-!I)Cr- jVU/1Il. /,. 1'er­

iS1l1l1brr\ hl'T "ell! t lilT em!' ocr ctlll O''T un! bCT cellt 


Stump......__•• ____........ ., l,fi)OI ;; !Q.~j },Of~P"~ /1 IOg,g --~-"I""" -- ...--.. 

Cottonslnlks ............... 2i;,m·.~ 55.",." I_Oj D•.•• • 11 II." .If> IOU.O ........... 

Ontslrnw ....................24,U8~1 )00 3~,41 185. UO.S :l00 117,1 :JOU 100,() "''' ____ __ 

Snwmill debris........... __ •. 20, fi:H I W '11)." j IlIO· OS.l 203 114.3 279\100,0 ••••. ••__ __ 

SpaniSh·moss and (:flg!) co\,, ; 


ered wiLhcnnvns............ 22,04~ \ 27 2$,7 iliO li:\,S 88 ll3,6 \1·1'100,0 ........----

Rnregro..ulld................. 22,Or.,i ,~: 3'' ~ i l~;_\ -31~·.-3' ,1,,_17 8U.5 19 IlJO,() ........----

Cornstalks_____.. ............ !!<l, 811 ,,~, 11'v' 0 0 l 88.0 475 100,0 ........- ___ 

Spnnish·moss, plus COUntl I t I 


~tfla : ~H. 7 l,Oa7 72. G 1,420 99.9 1,428 100.0 

SPanish.m05s................. '129,U20 247 11,5 (i7a ~ :11. -I '1,562 7~. U 2,133 00.5 2,143 100.0 

S!1anish.mo~ IIlld L1lg0 cov- ' 


ered with lJonr<ls .....~ ...... _.... , -1.22. :US : "321 2$,3 1i~~GO'!l190 85.0 1l!l ~19.1 :L1;1 100,0 

Spanish·moss, J)IUS cotlOlJ \. ' j 


slnlks(lnwoo s)". __....... ·. 27,SM I 18jll,3 VS . :~{j. 5 t 101 ca,s 156 108. 1 151l 100.0 


stalks..................... ··, uS,sr,s I 106jll. G . 


-------.----- .." -. ------_. '-.1 
I Expressed liS the llert-enillgo of the llUmbel" ~hnt el1le~geu.ns shown in table 10: not, therefore, com· 


pUT/lblo wllh tbe percentugcs of emergence glvcn III prcceumg tubles. 


I 

http:el1le~geu.ns
http:S!1anish.mo
http:JUuc.1\.nd
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EFFECT OF .SIZE OF CAGE 

Series 7 was carried on 'for only one season, the winter of 1915-16, 
for the purpose of determining the effect on weevil survival of. in,.. 
creasing the size or the cage to 8 feet long by 5 feet wide and 6 
feet l1igh as compared with the standard cage 4 by 4 by 4 reet. No 
conclusive difference could be detected. 

EFFECT OF VARIOUS NUMBERS OF WEEVILS PER CAGE 

Series 17 was begun in 1923-24 and conducted for 7 years to 
determine the effect or the J1l.unbl'l' or weevils in a cage on the sur­
vival. In the regular tests the standard nnmber of 500 weevils was 
used mainly because previous investigators had generally used that 
number, and it was highly desirable to foliow their methods as 
far as possible so that l'('sults could be compared. It was felt, how­
ever, that this number might be ex('cssive for the type of cage in 
use, and the oV('l'crowdiI1g might prevent some of the weevils from 
receiving the best shelter ancl thus l'('sult in an increased mortal1ty. 

Consequently in series 17, populations of approximately 25, 50, 
100, 250, 350, ancl 500 w('('vils were usetl; a ('omplete series being 
started on October 10 and 20 of ('a('h year. Spanish-moss was fUI:­
nished for sheher. 'fable 12 shows that the hhdwst SUl'vivals oc­
(,UlTed in the cages with approximately 50, 100, and 250 w~evils per 
cage. 

T.\l\LB 1:.!.-i=!luTiraf of /Jul1.lt'cc1:ils (/.~ (I.{fccic/l U1l '('((r!fiH!! tlw ·Ulllullcl'." '/lC/' ('(1(/(' 

(Spl/"li,~h"'I1!).~8 '1I8erl (/.~ 'l('('cvil 8he/ter), Pa.nu[ail, La., .IfJ2.'J-2J, to lfJ30~'Jl 

li'ummnry Ilf seric~ 17) 

I 

IWecyils ; 
instulled '1'OLIlI 

nute 0 f Installation . percage '''·!.Hlvils EmergenceI 
: (appro,l· i installed 

mnte) , 

---------~~--'---~--.-----------,----­
J\'Tu11lber ,. .i\""'1l11lIJer Perce lit 

33-1 3 0.90 
671 J.I 2.09 

1,3n , 211 1,93
Oct.lOnnd 20 ___ ., .... ,"" ," , , 33"1 ' CHi 1.99

4;829 66 1.37 
6,8.<;1 103 1. ~O 

COMPA1USON 0)0' WEEVILS .FROM DlF.FERENT SOURCES 

Series 13 wus ('omlurted during the seasons ox 1916-17 and 1917-18 
for the purpose of aseertaining ·whether weevils from various locali­
ties differed ill their resistance to winter weather. It had been sug­
gested that weevils nati\-.e to [1 more southerly district might be less 
resistant to winter conditions than those occurring ill a more northerly 
district. Consequently, two lldditiooal 10calitiesW'ere selected; one 
at Opelousas, La., about 125 miles south of Tallulah, and the other 
at Scott, l\fiss.,about 100 miles north or Tallulah. Field-collected 
weevils were gathered at each of these points and also at Tallulah. 
Cage installatlOOs were made at each point with weevils from all three 
lots. At each l)oint the complete series enabled a comparison to be 
,made between native weevils and those from the other two points. 
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The results for the most part were somewhat erratic, and .aboutthe 
only consistent one was the .fact that native weevils proved to .be 
more .resist&nt than those that had undergone shipment,regardless of 
the source. Consequently, it was apparent that the hardships of 
transportation overshadowed any other differences that might have 
existed. 

GENERAL SUMMARY OF SURVIVAL AND EMERGENCE 

All cage tests have been brought together by years in table 13 to 
show average percentage of survival, rate of emergence, and emer­

gence period. From this table it is seen 
t. 	 that a total of 430,364 weevils were in­'00 

1/ stalled in all cages under various con­•0 ditions during all years. Of these ...0 J 5,246 or 1.22 percent, emerged. Of .. 
u 
z the total number of weevils surviving, 
.. "".0 ~ 15.7 percent emerged in March, 22.9 

percent in April, 39.7 percent in May, /2 0 21.4 percent in June, and 0.3 percent 
0/ 

in July. In other words, emergence 
M""C;H APRI~ 	 MAY JUNE JUL.Y was 38.6 percent complete at the end 

FIGUIIE 7.--Cumulntlve frequenC'y of. April, 78.3 percent complete at the 
curve; perct'lltnge of bollweevlI 
emergence classified acrordlng to end of May, .and 99.7 percent com­
time of emergence. plete at the end of June. The aver­

age cumulative bollweevil emergence 
is shown graphically in figure 7. The emergence period for the 
various years ranged from 47 to 127 days, with a weighted aver­
age of 117 days. The extremely short periods were during the years 
of very low survival. During 3 of the 15 years emergence was re­
corded on March 1 and was recorded during March in 14: of the 15 
years. The date of completion of emergence ranged from April 
27 to July 7. Emergence extended into June, however, in all of the 
years except 3 ; and since only 11 weevils emerged during those 3 
years, this number is too small to be significant. Extension of the 
period of emergence into June is therefOl'e probably of general oc­
currence. Emergence extended into July in only 4 years. 
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l'erlod 01 emergence Number 01 weevUs and percent of total emergence by months PWioo 

Total or 
v_ 	 vt~.ll-----'~---I---------~-------'--------~--------~-------­ elJlll'llDC8 ! 

ltall~ Ffrllt Last May lune .luly PI1t'eMarch April 	 --­date date ,~ 
Num- Num- Num- Num- Num- Num­~tum· 

ber Ptrcent ~r Ptrcem beT Ptrcent beT Ptreent ber Pefcent 6er Ptrcent IDD,. '~ (>ber1111&-ltL _____________________________ 13,100 lune 2:1 116 14.4 127 15.8 4711 lID. 6 82 10.2 0 0.0 8M 6.14 1011 
1111&-17_____________________________ 21,6811 Mar. 15 Il1ne 6 18 50.0 9 25.0 3 8.3 6 16.7 0 .0 ae .17 lit 
11117-18______________________________ 11.500 Mar. 21 May 22 2 40.0 1 20.0 2 40.0 0 .0 0 .0 II .05 .' 63 tit 

Mar. 10 

1111&-111______________________________ 19,945 Apr. 2 lune 10 I! .0 11 17.7 44 71.0 7 11.3 0 .0 82 .31" 70 ;I '~11119-:11___ ___________________________ 27,341 June 21 9 	 6.8 64 48.5 57 43.2 2 1.5 0 .0 132 .48 litMar. 30 
1~2L_ __________________________ __ 26,2811 June 6 165 45.6 85 23.5 108 29.8 4 1.1 0 .0 382 1.38 tilMar. 1 I11121-22__ ____________________________ 28.536 Mar. 14 July 7 173 14.4 ~ 21.9 466 38.7 298 24.8 2 .2 I,D 4.22 118
1112'1-2:1_ _____________________________ 34,375 Mar. 3 July 5 58 10.6 139 25.4 189 34. II 158 ~ 8 4 .7 548 1.l1li 12511123-24 ______________________________ 3O,64lI June 14 3 	 8.6 14 40.0 14 40.0 4 11.4 0 .0 35 .11 103Mar. 41*-:11______________________________ 33,lI6II iApr. 27 2 50.0 2 50.0 0 ,.0 0 .0 0 .0 4 .01 47Mat'. 121-..26__ ____________________________ 40.376 	 0June 8 7 31.8 11 50.0 3 13.6 1 4.6 0 .0 22 .05 100
,l927-28___________,____ ______________ 46,384 Mar. 12 June 11 4 36.4 2 18.2 2 18.2 3 27.2 0 .0 11 .02 112 ..~ Mar. 1 
11128-211_ _____________________________ 33.1199 Mar. 2 July 6 92 34. 8 59 22. 4 88 33.3 24 9. 1 ! .4 264 .78 127.1Il2II-00______________________________ 31.786 Mar. 1 May 22 1 50.0 0 .0 1 50.0 0 .0 0 .0 2 .01\ 83
II1111H1L_____________________________ 32,81i4 Mar. 3 July 7 175 10.0 412 23.5 626 35. 6 534 30.4 9 • /I 1.7M 5.34 127 ~ 
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From the foregoing it is seen that the experimental procedures 
were standardized, except for certain variables which may be 
grouped in the following nine classifications : Varying dates of in­
stallation; weevils tllat had been fed versus unfed weevils; fertilized 
females versus unfertilized ones; comparisons of various shelter ma­
terials; different sizes of cage; covered cages versus uncovered ones; 
weevils from different localities; varying numbers of weevils per 
cage; and open-field location versus timber. Of these the dates of 
installation and various shelter materials were the most important 
variables and received the most attention. 

RELATION BETWEEN WINTER WEATHER AND PERCENTAGE OF .SURVIVAL 

The relation between winter weather and percentage of survival, 
as shown in table 14, is evident; however, in analyzing the results of 
these tests every effort has been made to isolate those factors which 
showed the closest correlation with survival All meteorological 
observations available have been summarized and compared with 
the figures representing survival. For the sake of brevity, a dis­
cussion of fruitless efforts is not included, but it may be mentioned 
that no correlations were found between the records of survival and 
those of ma:\.imum temperature, mean temperature, humidity, or 
rainfall; and it was not until minimum temperatures alone were 
considered that significant correlatjoJlS were encountered. 

T~\IlLE 14.-Relu/ion Vrtlrr('n mini11l;1I111- /rIllW'ra/llrf'S (lnd 11I'rCCII/a[lC Of 1l'c(,1:il 
,~lIrt'h'al, 7'(/1/1I7all, La., 1915-10 /0 JU30-31 

IDnys t~mpcfllture Sept.cmber to !lrnreh fell Mini. 
belo\\"- mum Wec,'il

1,r'ear _____,______..... tcm~ SUf-

I 1 I pera· "h'ul32° J'. I 30° F. ! 2·1° F. 22° F. I20° 1'. I18° F. ture 
---------.l~-I-··--I--- -_1____·_ ----

l\rUlIlbCT l\irl1lllu:r'l\'fumbcr ]t..Tu11ibr,r l'tumbCT J.ttLmbcT 0 F'~ Percent
1929-30•••__• ___ •.••_••••• __ • __ ._.... 44 :13 15 13 II 9 1.8 0.01 
11124-25 -...... __ ._ ...••••••_._.. 49 37 15 8 4 2 15 .01 
1927-28.••___ • __ ..•. __ •.• _'.,._, .• , 43 a4 1.1 10 10 U II .02 
1925-2fL"'.... _.... ~~ •. , ' .. ., .. ~,. .. ~~ ... ~~ .... _.. 47 at It (j a !!]:1 .05 
1017-18••.•••••.••.. __ •• __ ..... __ 60.11 28 21 J.I 10 1 .05 
1!l2:I-Zl•••••••• _•. ·"_"'H_'__ '"'' 51 :14 8 7 5 3 10.5 .11 
11111\-17. __ •• __ •.•••• ___ •• .•••••••• 45 aa 19 11 .1 .j 16 .17 
1918-19........ . '.' ........... 45 ao 13 9 .j 4 \I .31 
19111-20............ __ •• _..........___ a9 29 12 5 2 0 18 .48 
1928-20 ••• __ •• _•• _. ___ • __ ._._._..... _ 43 :14 15 12 7 :1 10 . i8 
1920-21 ___._........_•••••••••_._._._ :15 24 6 3 1 I 10 1.38 
1922-23.••••••_••••••••• _••••••_••••. 26 2:1 7 3 0 020 1.59 
1921-22 •••• _•• _.•••.•• __ ...._. ___•••. ao 16 :I 0 0 022.5 4.22 
·193D-31 ••••_......................... :17 '18 6 1 0 0 20 5.34 
1915-16........... _ 32 I 21 \I .1 0 0 20 ! O. H 

The coefficients of correlation between thenllmber of times the 
temperature fell below a certain numbt'r of clegr'('es Fahrenheit and 
the percentage of weevil surviv:tl are given in -table 15. It will he 
noted that all coefficients, except one, between these two variables 
are significant, and that the grente.st correlation, which was 
-O.64:±0.10, was shown between (;he number of times the temperature 
fell below 32° and. 30° F. and the percentage of weevil survival. 
Correlation is a.Iso g]lOwn between the minimum temperature for 
the winter and sllrvival, the coefficient being +0.(i3±O.10.'I'0 deter­
mine what particulal'minimulIl temperatures cauSe the highest lDor­

http:O.64:�0.10
http:grente.st
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tality of weevils in hibernation, coefficients of correlation were COffl-: 
puted between the number of times a given temperature prevailed 
and the percentage of weevil survivat These are also given in table 
15. It will be noted that only 2 of these coefficients are significant, 
namely, the number of times the temperature ranged from 18° to 20°, 
and from 10 to 17°. In other words, the results indicate1Jhat the 
occurrence of temperatures of 200 

, or lower, are accompanied by the 
lowest survivat 'Winter minimum temperatures taken by them­
selves seem to explain only in part the winter mortality of weevils. 
Undoubtedly, all such fu'ctors as the temperatures preceding low 
temperatures, the duration of extremely cold spells, the rate of 
change in temperature, the frequency of temperature changes, 
whether or not rain precedes low temperatures, and the presence of 
sleet or snow, have al1 influence on weevil mortality. 

TABf.E 15.-Perccni(l!lc of ooll'U'eC1Jil ,~llrV'iL'(ll correZa/eel with 1vin/cr tempera· 
lurell at 'l'allu/ah, La., ].')15-16 to 19.'30-31 

l'crcentnge of wee"j] sun'iml <'orrelnled with-

Dnys temperature [JIl holow tho following degrens:' Dnys tmnperature fell to tho following degrees: 

Correia/ion Correlntion 
° F. coefficit1lt o p. coefficient 

36._................................. . -0. 33±0.16 35,34, nnd 33........................ +0. 24±0.16 

32................................... . -.(H* .10 -.OO± .17 

30.................................. . -.64± .10 -.aD± .15 

24................................... . -.57± .12 +.IO± .17
~~~ ~~~g~ ~~:~~~~~~~~~~~~~~:~~~~~~~22.................................... -.62± .11 -.00±.17 
20.................................... -.62± .11 2J, 19, ond IS........................! -.57± .12 
18............................. " ..... . -.5i± .12 )7 lo I .............................. . -.57± .12 
1<finiIUuIU tClllll<!ruture for winter.•• +.CI3± .10 

--'-----
INFLUENCE OF TEMPERATURE ON WEEVIL EMERGENCE 

Before discussing the influence of temperature on 'weevil emer­
gence at Tallulah, it will probably be well to review the findings of 
a few other investigators. 

Hunter and Hinds·1 state: 
ElUeJ'gencf: depends I:Il'gel~', as has already beell S]lOWIl, IIpon thl' lIJean 

aYel'rlge temperature preyailing. The presence of food (Illes !lot seem to 
affect it. In the season oJ 1003 for one month llreceding the elllergence of 
wee,ils at Victoria [TexlU;] tile mean a,erage tempemture was 65.40 F. .For 
the lirst two weeks of April it ayerage(l GS.4° F. Weevils left their winter 
quarters f.rom tlle middle to the last of April. Wllile the Illeall average 
temperature for May was nearly 3° ]owe1' than the temperature prevailing at 
tbe time ofelllergence, weevils J'emained actiY~l.r at wOl'k ill the fields. In 
the fall also weevils remained at work Ilt a .lower temperature than that 
which seems to be neeessary to draw them from their winter quarters. Tbe 
reason for this fact is llOt apparent, but it is certain that once haYing left 
hibernation weevils will remain active at ('onsideral.Jly lower temperatures. 

According to Hunter and Pierce; r. 
Tbe number of: weevils emerging under 57° l!~. is very small indeed. From 

that point the emergence incrcascs with the increase in temllernture ulltil a 

·.nUNTER, W. D., and lJllms, W. E. THE ~n:X1CA-:; I'OTTOX 1l01.L WEEVIL. U. S. Dept.
Agr., Bur. Ent, Bull. 51, 181 pp.• iIlns. 1905. (See pp. 106-107.) 

• HUNTER, "T. D" and PIEIlCE, W. D. 'PUE ~rEXlr.MI COTTON·BOLT, WE.;\'lL: A SUMMARY 
OF TUE IN"ESTIGA1'lOxB OF TUIS lSSY.<;,:T UP '1'0 DECEMIlEU. 31, lPU. 'U. S. Dept. Agr., nur. 
Etlt. Bull. 114, 188 pp., ilJus. 1912. (IJ2d Coug., 2d sess., Sen. Doc. :lOU.) (See 
p. 108.) 

http:rEXlr.MI
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majority of the weevils have emerged. Most weevils have been found to 
leave their winter quarters during a temperature averaging between 64° and 
'18° F. At Keatchie 75 per cent and at Dallas 96 per cent of the total emer­
gence took pla<.-e between these limits. At Dallas the largest emergence oc­
curred between temperatures of 64° and 68° F., while at Keatchie the largest 
emergence occurred between 74° and 78° F. 

Hinds and Yothers 6 state: 
The more complete records now at hand indicate that emergence may take 

place whenever the mean average temperature exceeds 55° F. It is certain 
that weevils may be active at a temperature considerably lower than thifl, 
but the re<."Ords do not indicate that there is a general emergence from 
hibernation at It lower temperature. 

Weevil emergence at Tallulah began between March 1 and 15 in 12 
of the 15 years covered by this study; on March 21 in 1 year; on March 
30 in 1 year; and on April 2 in 1 year. On the days that the first 
weevils emerged the maximum temperature ranged from 55° to 84° F., 
the average being 73.8°; however, the maximum was less than 72° 
in only 3 years. On the day preceding the first weevil emergence 
of the year the maximum temperature ranged from 44° to 84°, with 
an average of 710. The maximum was less than 70° in only 4 of these 
years. 

In 8 of the years the mean temperature was from 60° to 69.5° F. 
on the day the first weevils emerged, and in each case this date had 
been preceded by days ",ith mean temperatures of 60° or higher. 
In the remaining 7 years the mean temperature was from 43.5° to 
59.5° on the day the first weevils emerged, but during 5 of these years 
the mean temperature was 60° or above on 1 or more days prior to 
emergence. These records indicate that few weevils emerge from 
hibernation in cages when the maximum temperatures are below 70° 
and mean temperatures below 60°, which temperatures are usually 
reached in the vicinity of Tallulah during the last few days of Feb­
ruary or the first few days of March. 

After weevils begin to emerge there is a definite positive correla­
tion between emergence and both maximum and mean tem~ratures 
until the peak of emergence is reached, which is usn ally durmg May. 
After the peak is reached no further correlation exists between these 
factors. 

RELATION BETWEEN PRECIPITATION .-'ND WEEVIL EMERGENCE 

During the 15 years nnder consideration, from the beginning to the 
end of weevil-emergencereriods there was a total of 1,425 days, and 
on 715, or 50.2 percent ° these days, 1 or more weevils emerged. A 
total of 5,246 weevils emerged in all cages, or an average of 3.68 
weevils per day for the total of the emergence periods. Rainfall of 
0.01 inch or m'ore was recorded on 372 of the 1,425 days in the total 
emergence periods. A total of 1,330 weevils emerged on the days on 
which rain occurred,or an average of 3.58 weevils per day. On 189 
days on which rain occurred no weevils emerged in any of the cages. 

For an average of all years, 25.4 percent of the total surviving 
weevils emerged on days on whIch rain was recorded, 12.2 percent on 

• HIND8, W. E., and YOTHERS, W. W. ,HIBERNATION OF THE MEXICAN CorroN BOLL 
W~VII.. U. S. Dept. A~., Bur, E"t. BUll. 77, 106 pp., 1!lu~. 1909. (See liP. 6tHl9.) 



BOLLWEEVn.. HIBERNATION, SURVIVAL, AND EMERGENCE' 23 

the.first day following rain, 10 percent on the second day, 8.5 percent 
on the third day, 6.7 percent on the fourth day, 6.4 percent on. the fifth 
day, 7.1 percent on the sixth day, 5.8 percent on the seventh day, and 
so OD, with percentages decreasing to the twenty-seventh day. A 
total of 82.1 percent of the surviving weevils emerged on the days on 
which rain was recorded and within 7 days after rain occurred, and 
the remaining 17.9 percent emerged from the eighth to the twenty­
seventh day, inclusive, after rain occurred. A total of 37.6 percent 
emerged on days of rain and on the first day following. 

In cases of several days of consecutive rainfall the weevils emerg­
ing on such days were recorded as emerging on a day of rainfall 
even though the same date could have been considered as a day fol­
lowing rain or 2 or 3 days after a rain. 

EFFECT OF DELAY IN REMOVAL OF WEEVILS FROM CAGES 

At the suggestion of C. L. Marlatt, at that time chief of the 
Bureau of ,Entomology, a special series of tests was started in 
192~29 and continued in the seasons of 1929-30 and 1930-31, to 
determine the effect on weevil survival of delaying the removal 
of weevils from cages until the cotton plants in the field were suffi­
ciently large to furnish food for weevils. The removal of weevils 
from the cages was delayed until May 9 in 1929 and until May 
4 in 1930 and in 1931. It will be noted in table 16 that an aver~e 
survival of 2.62 percent was recorded in the cages where weevIls 
were removed on and after }farch 1 and that an average survival 
of 2.06 percent was recorded in the cages where the removal of 
weevils was delayed until early in May. The average survival 
in the cages where the removal of weevils was delayed until early 
in May was 78.6 percent of that recorded in the cages where weevils 
were removed on and after March 1. 

T,\BLE lG.-Weel'!!, surfJ;val ill cages where elllergell(,c "ecQrds 1cere started on 
J/ar. 1 and on May ·S and .9, Tallulah, Ln., from· 11128-211 tQ 1980-31 

l 
/weevllsYear II' Cou;es XUlure of sbelter Date ' emergence In· I Emp.cgence IinDifferencepercent·

records started stalled ages
I 

-------;~---1----------------1--------: 
Number Nulllbtr Numl>t:r PtrUfll- 12 Bpanl.h-moss plus cotton Mar. L_ ______ 5,894 3!1 0.114 l 

1323-:5._____ 12 •__~~!~:______.___________ ._ May9 _______ ._ 5,901 12 .:aI r 0.44 

8 Spanish-moss___________ .". Mar. 1..______ 3,94S 23 .58}j 
I

IS -s~~:moss·Pius·ooiioD- ~:n--_~~-~~: ~:~ Ib :~} 
.15 

stalks. o1929-30___ .__ 10 ___ "do_________._•• _- __ ._. J\lay4,. 4.922 0 .00 
8 Spanlsh-moss__________ . ·e_ ME". L___ ___ a,880 0 .00 }
8 __ ...do.________________:___ .M a1 4 ... _.. " 3,857 0 .00 o 

1.4211130-al_____.j :~ _~~~I:=_~~~I~..~~~~~_ :::;:~_~~~~:: ::: : ::!
8 Spanish-moss__ • _______..__ Mar. 1. ____ •• a,881 3811 11.411 
S ____ .do____ . _______________ May.4_.______ a,9311 318 8.07 1.42 

-------1--­
Mar.I. •. _____ 27,875 TIl '22..~} ....~n17Toml-- -------- --------••-.----.,---.-.---.- {May4 and 9._ 27,8i2 573 uu ..uzv. 
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SUMMARY OF FALL AND SPRING EXAMINATIONS OF SPANISH-MOSS, 
PERCENTAGES OF SURVIVAL IN HIBERNATION CAGES, EXAl\Il­
NATIONS OF COrrON PLAN'fS IN MAY AND JUNE, AND PERCENT­
AGE OF INCREASED YIELD IN EXPEIUMENTAL PLOTS 

Table Ii presents records made in the vicinity of Tallulah for the 
winters from 1915-16 to 1930-31 which :;how the importance of 
hibernation-cage records and further show the relation of such rec­
ords to certain other variables. The most important or these records 
are presented in figures 8 and 9. Figure 8 shows the minimum tem­
llerature for the ~"inter, boll weevil survival (live weevils per ton) 
m Spanish-moss under natural concliti~)l1s, and weevil survivul in 
hibernation cages. The two survival curves have practically the 
same trends. The graph also shows the high degree of correlation 
existing between w(l{'vil survival Hnd minimum temperatures. It is 
also interesting to note (table H) that during this period the mini­
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FIGunE S.-Minimum t"IIIJ)(>T:ltlJr(' for thr' witl1('r. IIl1l11h"r of li\'~ h(lIJ\\'~~\·i1Hpp.r tnll (If 

SJllllliHh-moss (SJlrlrl;;" ~x'lIllillattoll). lIntl IJollwrev.il, sUrYI1'1l1 ill hiberlllltion cllges, 
'l'Il11ulllh, La., 1III (i-Hi to l!J:tO-:l1. 

mum temp('ratul'(' waH 20° F. d\lring the winters of 1915-16, 1022-23, 
and 1930-31; 22.:3° cll1l'ing' the winter of 1921-22; and lower than 
20° during the 11 remaimng winters for which survival records of 
weevils in hibernation cages arc available. The aYPI'age survival for 
the 4 years that the minimum temperatnre was 20° or higher wus 
3.96 percent, as compared with an lIY('l'age survival of 0.29 percent 
during the remaining 11 yea]'s when'the minimum temperature fell 
below 20°. 

There is also positive correlation between the minimum tempera­
ture of the preceding winter lind the percentage. of increased yield 
in experimental plots (table 17) where bollweevlls were controlled 
wHir calcium arsenate. The coeffieient: of eOJ'J'plation betwepn these 
two variubles is +O.44±0.16. Kincer '1 showed that there is a definite 

7 KINl'En. :T. B. WE.I'fln;lt ..\)<1.1 ,'OTTON I\llI.l. WI·;EVII.. e. S••\Idllt lily W(~11 (Il(·r Ucv. 56: 
301-a04" illuH. ] 1l28, 

http:O.44�0.16
http:IJollwrev.il
http:1930-.31
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correlation between the lowest temperature during the preceding 
winter and the reported boll weevil damage. The. correlation co­
efficients by States are as follows: Texas +0.71, Oklahoma +0.61, 
Arkansas' +0.71, Louisiana +0.63, Mississippi +0.74, Alabama 
+0.37, and Georgia +0.63. 

TAIITJ~ 17.-StUiu/WI"/I of fall and 8prin!1 l'pall.[,<J7I.-m088 examination8, lJe/'centagc 
of bollu;'ce'vil 8urviva~ in. hilJc)'IWtiOIl, ca,gc8, cotton-pIa,! t, examillatwtM during 
ol[oy al/d June, and perc(mtagc of 'ill('rca,8(,(~ yield fit ext/erimenta,l plots, 
Tallulah, La., 1915-16 to 1980-31 

I I if~~~o~~_1 \WeevilS amlnn- , Increased entering Sun-i\'n! 
h!l,'I)rnn- Mini· iu Sllall' I Survlyul tions in ,Total pre.\ yield in 
11011 (IIYe I mum ish·moss I in hlher­ field, I elplta- calcium 

SeSSDn Mayand IweuvUs I empern· (liye wee- natioll JUllO (al" ton, Jnne, arsenate 
per ton of t,~~t~; Yils per. cages crago Ito August, treated 
:s~~~;r- ; I tall) plUllts ' I plots 

: per wcc~ : 
i "Ii), : 
I 

I~ ---:;;-, NILmber --;:;::;,~I Inelies -;:;;:; 
1915-10. ___________________-_..... ,. 20.0: 2!.0. &.14 ' 62 10.00 ---- ...-- ­
191!Hi.________________._.__ .• ••. 10.0' 8.0 .li l 5,056 10.27 ---..... .. 
1917-18... _......_•••____ .......... __', 1.0, 1. 7 .05, 351 0.26 .-....... ­
191&-10_ •••_________•____• __..... ".". 9.0 ~ 4.0 .31! 245 15.30 

-"--'32~81919-20... ___.._......_...... .. .......... 1S.0' 0.5 .,18 I 223 12.51 

19~21._ • _________• __•.•______ ••••______ 10.0 22.0 1. 38 1:19 12.02 44. /j 
1921-2'2._. __ •••__•• __ •__....._ "'_'_"'_ 22.5 127.0 4.22 135 21.3~ 83.0 
1922-23.. _ •• ____________......' ....._._.. 20.0 19.0 1.50 2-">8 11.42 20.7 
1!lZl-24____.•_____••••_. __ • __ ._ ••• ____••_ 10.5 .5 .11 1,7JlQ 2.11 1.1 
192-1-25•••••_....____.•__._ ••• ,_____ ••• __ 15.0 •& .01 n,090 0.38 11.7 
1925-26__ • ________••• 2S0 13. a ,0 • 05 558 10.51 GS.3 

192&-27........_. __...._. __..... 242 10.0 4.0 ••••• _..._ ..,_. __ ••• 14.58 :13.0 

1927-28 ___________ ........_... 21 11.0 1. a .02 2,016 18.00 41.2 

1923.29___________...._..... _" 240 16.0 3.S .78 000 6. GS 11.7 


_____ --"'J' 

J9?9-30•• --__________ ..________1 189 1.S .2 .01 1,511 2.38 \l.3 

1930.31_____•_______• __ ••••.• __ 49 20.0 :13.0 5.34 2,GS5, 13.a! 31.8 


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


Figure 9 shows weevil sUl'vi val in hibernation cages, total pre­
cjpitation during June, July, and August, and percentage of in­
creased yield in experimental plots where weevils were controlled 
with calcium arsenate. 

The increased yields Oil dusted plots (as compared with untreated 
plots) reflect the degree of weevil mfestation in the different seasons, 
since the increase ill yield of treated over untreated plots was greater 
in the seasons of severe infestation. The curves of figure 9 show a 
marked correlation between increased yield and total precipitation 
for June, July, amI August, except for the season of 1926, in which 
there was a heavy infestation of the cotton flea hopper, PSallU8 
8e1.iatUS Relit., alId in 1927, the year of the overflow. 

This increased-yield curve (which indicates the weevil population) 
does not follow the survival curve so closely as .it docs the precipita­
tion curve, showing that the final population depends more on the 
weather than on the initial infestation. 

The correlation coeffici~nt between. the percentage of increased 
yield in the dusted plots and the total precipitation during June, 
July, and August was +0.79 ± 0.07. Kincer 8 gives the correlation 
coefficient!'; between rainfall in inches, concurrent yenr, and reported 
weevil damage by States as follows: Texas +0.54, Oklahoma +0.70, 

8 K'Xt'EIl,J. B. Sce footnote 7. 

, 
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Arkansas +0.49, Louisiana +0:78, Mississippi +0.69, Alabama 
+0.46, and Georgia +0.23. Rainfall for the following periods 
were used: Texas, June to August, inclusive; Oklahoma, Arkansas, 
and Louisiana, June and July combined; Alabama and Georgia, July 
llnd August combined; Mississippi, June to September, inclusive. 

COMPARISON BETWEEN RESULTS AT TALLULAH. LA.. AND AT 
COOPERATING STATIONS 

During the last "( years of this investigation valuable cooperation 
was extended by a number of workers at State experiment stations 
and other points of investigation and by the Bureau's laboratory 
at Florence, S. C. 
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FIGURE 9.-BoJlweevll survival In hibernation cagPB; total precipitation for June, July,
and August; and percentage of Increase In yield In experimental plots where boll­
"eevlls were controlled wltb calclulU arKena te, Tallulab, La•• 1916-19:n. 

In a comparison of the results of the cage tests at Tallulah, with 
results obtamed at the 17 coop'erating stations from 1924-25 to 1930­
31, as shown in table 18, it wIll be noted that the average survival in 
the cages at Tallulah, was consistently lower than the average survival 
at most of the cooperating stations. This may be in large part due to 
the fact that at Tallulah 60.5 percent of the weevils were installed 
prior to October 16 (tab e i 2); when many of them perished before 
they entered hibernation, whereas at the cooperating stations only 
43.3 percent of the weevils were installed during the same period. 
At Tallulah, 30.9 percent of the weevils were installed in cages where 
the hibernation material provided showed average survivals of less 
than 1 percent over it long period (table 10), while at the cooperating 
stations, in many cases, more favorable shelters were used. 
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TABLE IS.-Percentage of emergence in hibernation cages at cooperating ZablJratorie8, 1916-81 

, 1924-25 l!125-al 1926-27 1927-28 1928-29 105-30 1113O-3L 

Loca~lon of laboratory Cooperator !
WeeVlls~~.eeVilslweeVllslweevl1slweeVlls~eeVi1sIWeevllsl:=lweevllsl:=eevn:lweevlls~:VtIslweevtIsj::':In· In· 1.:':':: In· In· In· In· d In· 
stalled' stalled F""'ged stalled stalled stalled stalled·· sia1led ~ 

1---1---1---1---1---1---1---1--_1---1---1---1---.--- I.<Number Percent Num~r Percent NUII.Oer Percent Number Percent Number Percent Number Percml Number Percent Aberdeen, N. C•••••••••••••••••• R. W. Leiby.......... 1,072 0.93 2,000 0.85 2,425 3.al 2,500 0.68 2,500 21.36 •••••••••___•••••••••••••_••.•.• E= 

Auburn, Ala ••••••••__ •••••••••.. 1. M. Robinson....... 1,750 15.71 1,500 .60 3, sot .29 7,008 .!Yl 10, 888 .:on 2, 4:on 0.00 191 0. 00 

Baton Roup, La................ W. E. lllnds.......... 7,326 6.61 13,295 6.13 816 .00 3,385 2.13 6, 055 .56 ..•••••.••••.•••••.__•••••••.••• ~ 

Clemson Collep, S. C••••••••••• C. O. Eddy•...______ . 4,000 3.SO 4,000 .25 ••..•••• .••••••• 7,500 1.21 5,600 .54 6,000 .95 .•_____•••••.••• ;;Ceveland, Miss................. G. I. Worthington.... """" ........ ........ ........ ........ ........ 3, 000 .07 2, 8IiO .60 2, 800 .00 ........._ •.•.• I!!i
Collep Station, Tex. •••••••••••• F. J•• ThomBS......... 1,329 6.47 1,430 2. 45 3,984 5.27 4,500 .42 5,570 7.74 '3,500 .03 5,000 17.00 
 !;IIIEzpeilment, Ga._________•__•••__ R. P. Bledsoe__••____• 2,781 1.62 8,373 .02 1,097 .00 6,000 .00 750 .00 ____......_______...... ____•__• .• li!tFayettaville, Ark._______________ Dwight !sely_ •• ____ •____....________...______. ________ 2, 000 .30 2, 000 .55 __....____....________.....______••____ ....__ __ 
Florence, S. 0 ....__ •___•__..._________..__________•__ .__ 19,427 6.50 14,425 .80 15,462 8. 49 18,500 1.54 22, ()f1(J 14.27 2:1,000 4. 82 2D, 000 6.99 
HoUy Sprinn, Miss..______....__ T. F. McGehee__ • __.. 1,250 .08 I, a50 .00 4,100 .02 5,000 .00 3, SOO .29 1,:.no .00 __..__......__ __ ;
Poplarville,'M1ss.......__......__ 1. E. Lee..____..________..__........__ 2, 000 .10 2. 500 .:on 2, 000 .10 2. 000 .00 _______ ...____• __..______• ____• 0
Raymond. MIss..____..____..__.. O. M. Chance. __..____• ________• __ .__ 2. 000 .35 2. 000 2. ~ 700 .11 1,000 9.90 2. 000 • 10 __ • __ •________._ 
RockYMount?f.O.____• ____... R. W.Lelby______•___ 2,177 .37 3,700 .11 '4,300 1.67 4,000 1.40 __ ••.______________ •____ ....____________________ ~. 

01=;~':'::~:.:::::::::::::: t.f.··~!~::::::: :::::::: ::~::::: t~ :~ ::~~~: :::::~~: ::~:~~: :::::~: ::~:~~;: :::~~~: ::~:: :::::~: :::::::: :::::::: c:: 
Yuoo City. MIss____• ____.______ Chesley Hlnes.______••__• __ •••______••__..... __...... _""'" __....._ 3,000 1.00 3,000 10.43 2. 575 .00 ____.... ____..__ .~ 
Tallulah, L8._._.~----.--------- __ •________. __ •____ ...__ 33,565 .Ot 40.376 .051-..----.,.----.-- 46,380 .02 33.9911 .78 31,786 .01 32,854 5.34 j 
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SUMMARY 

This bulletin gives the results of a 15-year study of various fac­
.tors influencing the survival in hibernation of the cotton bollweevil. 
The study was conducted by using a standard procedure and intro­
ducing one variable in each series of tests. 

In a study of the effect ·of time of entering hibernation the highest 
survival was found among the weevils placed in cages between Octo­
ber 20 and November 18. There wus no sUl'vivalamong weevils put 
into the cages prior to September 7. 

The study of the surviva.l in various materials provided in the 
cages for shelter revealeel that the highest percentage of survival was 
in cornstalks, followed by Spanish-moss, Spanish-moss and cotton 
stalks, sawmill debris, and oat stmw; with 11 number of other mate­
rials and combinations showing a much lower rating. 

In a study of the effect of the number of weevils in a cage it was 
found that the highest percentage of sUl'vival in cages 4 by 4 by 4 
feet was obtained when from 50 to 250 wee\Tils were used. 

1Veevils transported from other points were less resistant to winte!' 
conditions than weevils collected locally. 

In a study of the relation of winter weather conditions to weevil 
survival it was found that the only significant correlations were be­
tween minimum temperatures and survival. Coefficients of correla­
tion between weevil survival and the number of times the tempera­
ture fell below 32°,300,240,220,200, and 18 0 F., respectively, were 
fmmel to be significant, as were also those between weevil survival 
and the number of times the temperature l':tl1ged from 180 to 200 and 
from 1° to n° F., and that between weevil ntrvivaland the minimum 
temperature for the winter. The weighted average weevil survival 
for the 4 years that the miniullun temperature for the winter was 
200 F. or higher was 3.96 percent, as compared with an average sur­
vival of 0.29 percent during the remaining 11 years when the mini­
mum temperature fell below 200 F. 

As a result of 15 years' observations at Tallulah, an average winter 
survival under all cage conclitions of 1.22 percent was shown. In a 
special 3-year study, when the average survival was 2.62 percent in 
the cages from which the weevils were removed beginning March 1 
(the customary l)l'ocedure), a survival of 2.06 percent was indicated 
when the recording of the emergence was not begun until the early 
part of May. 

Of the total number of weevils surviving, 15.7 percent emerged in 
March, .22.9 percent in April, 39.7 percent in May, 21.4 percent in 
June, and 0.3 percent in July. In other words, emergence was 38.6 
percent complete at the end of April, 78.3 percent complete at the 
end of May, and 99.7 ])ercent complete at the end of June. The emer­
genceperiod for the different years ranged from 47 to 127 da~s, with 
a weighted average of 117 clays. The extremely short perIOds of 
emergence were during the years of yery low survival. Emergence 
extended into July in only 4 of the 15 years. 

The final field population of weevils'by the close of the growing sea­
son depends more upon the ~yeather tha'n upon the initial infestation. 

The sUJ'vival records obtamed at Tallulah, La., were usually much 
lower than those obtained nt 17 cooperating stations. 
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