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INTRODUCTION

It is fortunate for the American cotton grower that the bollweevil
(Anthonemus grandis Bah.) is of tropical origin.  Its capacity for
multiplication during the summer months is <o great that cotton pro-
duction becomes o race between the rate of increase of the weevil
and the rapidity of development of the fruit on the cotton plant,
and cotton production would e out of the question were it not for
the fact that threughout most of the infested districts in the [niled
States a high percentage of the fail population of weevils fails to
survive the winter, Consequenily, the nutber of surviving weeyily
becomes of paramount impertance and all possible infornmtion on

* ANl hibernation fests from 1815-1G (0 Jan. 57, T, ar Taltuialy, Ta., were eonduetod
under the direetion of I3, I Coarl, nid sinee thar time Goder Hhe direvtion of L author,
The UeMl work wig performed by (6L L. Jarcison, T Barlwer, W, [Towe, 1. W. Lye,
E. 8. Tocker, M. T. Yonme, I). C) Young, K. Y, Myn stand, U Dundy, T 1 Cassidy, and
G. L. Bnilth, and 4 vumber of tempority assistants,

(6\ 14387551 .
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this critical period in the weevil’s life should be obtained. This is
especially important because survival Is influenced by so many vari-
able factors and also becauss of the ability of the species to adapt itself
to adverse conditions. . It will be necessary to extend observations
over a long period in order to determine definitely whether the boll-
weevll may permanently change its habits as a result of repeatedly
adapting itself to conditions in new environments.

Under normal conditions comparatively few factors dominate in
the matter of survival but unusual cizcumstances may cause a factor
ordinarily of minor importance to become of prime significance.
Some of the best known survival facters may be designated as fall
fuod supply, winter weather, type of sheiter, and spring weather.
Wet weather during October and November tends to Insure a larger
emergence of weewis the following spring, as this is favorable to
late cotton growth, which, in "urn, increases the available quantity
of feeding and breeding material for weevils, thus enabling them to
rater hibernation in better condition. The date of the first killing
frost is also very important. A frost 1 or 2 weeks earlier than usual
will greatly reduce the weevil survival, whereas a delaying of the first
frost may increase it, Yremature defolintion of cotton plants and
destrnetion of the squares and young bolls by the cotton Jeaf worm
(Alebama argilloces Hbn.) mny affect the condition of weevils enter-
ing hibernation. The effect of altitude, latitude, available hibernation
guarters, and many other local factors further complicate the problem
and add to the dificulties of obtaining reliable and exact information
on any one survival factor the significance of which is net open to
question.

The importance of a study of bollweevil hibernation has been real-
ized by investignibors from the start, and various experiments along
this line have been conducted in different localities.  These have per-
mitted some general conclusions to be drawn, but the subject is so
complicated that the need of a broader series of experiments extend-
ing over a longer period has been obvious. Consequently, such a
study was inaugurated at the Tallnlah, La., field laboratory of the
Bureau of Entomelogy in the fall of 1915 and was continued to 1831.
This bulletin presents the results of the study from 1915-16 to 1930
381, with {he exception of the winter of 1926-27, when the hibernation
vages were destroyed by the overflow of the Mississippi River.

Experiments of the same nature were carried on at 17 cooperating
laboratories, the results of which are discussed on page 26,

A study of the inflnence of the boellweevil on the cotton crop of any
particular year mast start with the conditions existing during the
preceding fall. The factor for first consideration is the number of
weevils enfering hibernation and their condition at that time. Next
in importance is the winter mortality, the result of which is generally
expressed as “the percentage of survival.” The time of emergence,
the proportion of weevils that ~receed in infesting coiton plants, and
the effect of spring and swnmer weather on the rate of weevil multi-
plicationn must also be considered. 1t is thercfore seen that the
amount of weevil dunage is the result of all these influencing factors,
rather than any onc¢ of them. Each of these factors constitutes a
separate subject for study, but in this bulletin the discussion is largely
confined to only one phase of the problem, that of the factors infiu-
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encing the percentage of survival. For this reason 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 of the number entering hibernation the previous fall. In
the same way, the initial spring infestation depends on the propor-
tion of 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 weervils in hibernation become ac-
tive and stir around at times during the winter when there is 8 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 ohservations clearly
shows that many weevils become active before growing cotton ap-
Eears in the field. Some of these die before squares are available for

reeding, but others survive. The above interrelated factors are
mentioned at this time chiefly to show how easily incorrect interprota-
tions might be placed upon the result of any one series otp tests
included 1n this Eulietin.

The effect of low temperatures in killing weevils has been very
carefully considered; however, the weevils are not actoally exposed
to the recorded air temperatures, and the present study is concerned
with the resistance of the weevil and i*s ability to survive different
atmospheric femperatures when protected by various typus of hiber-
nation shelter, as data of this type have the most practical signifi-
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
possible were created. This involved the use of cages covered with
screen wire; and, as far as possible, all 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 and, consequently, results obtained in caces cannot
be accepted as valid for natural conditions without verification 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 investigators who used the same methods.

The cages utilized in these experiments were 4 feet square and 4
feet high, inside measurements, strongly constructed of wood, and
covered with 16-mesh galvanized screen wire.

The ground on which each cage was placed was carefully leveled,
smoothed, and lightly packed. The cage was placed upon 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
- neross the top and secnrely 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 masterial
was placed in the cage, which was then ready to receive the weevils,
A general view of the arrangement of these cages is shown in figure 1,

fn all experiments the weevils, with the exception of those of series
13, were collected from the cotton fields in the vicinity of Tallulah
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immediately before being placed in the cages. Five hundred weevils
were liberated in each cage, except in special stucies. They were
introduced into the cages 1 jars. The lids were removed and the
jars left open in the c¢ages for 24 hours, affer which they were re-
moved. The weevils unable to crawl from the jars were counted and
discarded, and subtracting their siumber from 500 gave the number
actunlly confined in eacl cage. In this way \\'enﬁliugs and those
injured in handling were eliminated.

Since meteorological factors ave of the ntmost Importance in their
effect on weevil hibernation, special observations have been made to
compare conditions within the cages with those in the open field.
Varvious experiments conducted during several seasons have shown
that the screen wire has & marked effect in either raising or lowering
the temwperature.?

]

Wi

1Merer 1L,—CGeuernl view of hiberontlion ciges.

A series of experiments conducted by Kimball® showed that *a
plant in any part of the eage should receive on an average at least
one-half the total solur and sky radiation, unless it is very close to
the south side of the cuge, and is considerably south of latitude 40° N.¥
In another series of observations at Tallulah®* an anemometer was
placed in a eage, and the reading therefrom, compared with that from
one in the open air, showed that the air movement within the cage
was decreased about 50 percent, a condition that would materially
affect both evaporation and humidity, This fact has been verified
by other tests which showed decreased evaporation and increased

ZMannek, T O, TEMPRERATUNE STURIRS UNDER NORMAL AND YARYING CONITIONS AT
PALLILAT, Ld. WINTER oF m5-10.  Mannserlpt reports, January 1017, B

TRIstaLL, L1, SUAMNG EFFEDT 0@ WIGE INSECT cages, U, 8 Monthly Weather
Rev. 44 ; BO1-000G, §Hos, WG,
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huwmidity within the cages. It is thus seen that there is a wide dif-
ference getween 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 minimum 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 in such a
way that each series afforded a study of one experimental variable.
The general procedure was to prepare the cage with the necessary
hibernation material and release the weevils at the desired time.
Daily records were made of all 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 (Tillandsia usneoides 1..) was used as the shelter. In
all cases the quantity of hibernation material was uniform snd re-
mained so throughout the tests.

The detailed yearly records are omitted 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 Mareh 1
until emergence was completed; summary of weevil emergence in
each cage 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 discnssed 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 conclusions conld be
gleaned from them; they are, however, included in the general sum-
mary tables 10, 11, and 18.

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-moess suspended on wires stretched diagonally across
near the top of the cage and cotion stalks stripped of fruit and leaves
were provided for hibernation shelter in eaclll) cage, as illustrated in
figure 2, 4. '

The cages were installed at weekly intervals each year, usually
starting in the first or second week of September and continuing as
long as sufficient weevils were available, the latest being on December
3. ﬁfost of the weevils, however, were 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.

i‘ o B 7 ﬂ . . . ' . L ’ ..'._ ‘-

.

Fiough 2-—Typlea! hiberoatlon enges: 4, Cape’ in series 1 with Spacish-moss and
cotton stolks for shelter | B, cage in series 4 with val straw for slhelter,
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Tance 1.—Relation of date of insiallation to weesil survivael, Tallulah, La.,
1915-15 {0 1930-31

[Bummary of geries 1, Spanish-moss, and cotton stalks for shelter]

i Wee. TWee-
Date of installation vilsin- Emergence Date of installation \‘E{l}sﬂi nd- Emergence
stalle

Oel. SF-Nov. 4o ... ..
w B . -

Bept 23-28_ . . .
Bept. 20-0¢ , . Nov, 26-Dec, 3.
Oct.8-12___ .
Oct, 13-1p.. 9,322 . Talal 1
Oet. 2-2¢, ... .

In iables 1 to 10, incluslve, and in table 16, the * total " at the bottom of 8 “ par-
cent ' column constltutes o weighted avurupe.

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=
average, was the most fa- /\
vorable time for weevils to /
enter hibernation. Natu- \
rally the lowest survival
was in the September in-
stallations. The fact that /|
during the different years 12 7
cages, containing a total of o |
5,880 weevils, were installed R T S ¥
during the II!II‘St v da}rs of PERIOD OF CAGE INSTALLATION
SeptEmber without a ging]e F{,ulzlrm? .'_%._E—Relntynp ]of r‘!a]t]e DE cuge installation tu
individual survivingis par- 18.'}3—3.‘5-]\. survival, Twlulah, La., 101510 to
ticularly interesting.

To throw further light on this subject, another summary has been
prepared, the data of which are presented in table 2 and illustrated
graphically in ﬁ%ure 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 increases 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 the 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, usnally occur in this locality.
A fairly high survival is also noted in cages installed after November
15. The low survival with early installations is further emphasized
in this summary, which shows quite clearly that to derive any benefit
from fall stalk destruction in f_‘}le average year at Tallulah? 1t would

10
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be necessary to clean the fields earlier than October 13, and that the
maximum benefit could be expected only where stalks were destroyed
in September.

Tanrg 2-—Relation of dele of installution to weevil survival, Tellulah, L.,
1015-10 to 7930-31

FSummnry of a1l eages and oll gholiers]

b
Wenv{ls E Weavlls |

Trate of Installalion o- Emerpence Dato of Insiailstion
sialled

in- Emergenca
stalled

MNumber: Pereent Nuwher| Percent
. 11 Q.0 o135 C - T, 16 1.5
Bept, 10-30. g 261 N Nov, 18-Dee, 3. , 4 1z 1,30
Qet. 1-15. .. - 1,531 1.22

Qut, 16-31 99,807 | 2,405 241 Total.. oooovcaaa) 440,34 | 5, 2HE 1,02

Bept. 1-15

SURVIVAL OF UNFEDR WEEVILS

Series 2 of the tests was started in 1915-16 and repeated in 1916-17
to test the hibernating ahility of weevils that had been deprived of
nll food since emergence as acults. The weevils used were reared in
the laboratory from infested squares collected in the field and were
veleased in the cages without having had opportunity to feed. In the
cage used as a check, feld-collected weevils were released. Spanish-
moss 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 8 was undertaken in order to investigate the ability of
unfertilized females to survive the winter. The series included cages
containing reared female weevils that had had no opportunity to
mate after reaching maturity, and, for comparison, otﬂwr cages cotl-
taining field-collected individuals. Spanish-moss was provided as a
shelter, This series was conducted for only ome winter, that of
1915-16 , and, as with series 2, offered no conclusive results.

a

COMPARISON OF VARIOUS SHELTER MATERIALS
OAT HTRAW A% SIIELTER

Series 4 was conducted for 15 scasons, from 1915-16 to 1930-31,
to study weevil hibernation in oat straw and to compare this shelter
material with Spanish-moss. Two cages, one with each material.
were installed on the same day at biweekly intervals during the fall
of each year. A cage with oat straw is shown in figure 2, B, and a
check cage with Spauish-moss, such as was used with all the tests,
is shown 1n figure 4, A.

The results of this test are given in table 3. In the final average
there was only a slight difference between the protection afforded
by ont straw and that afforded by Spanish-moss, the survival in the
Spanish-moss being 1.60 percent und in the oat straw 1.24 percent.
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TaBrLe 3. —Comparison of Spanish-moss uwd oet strui as bellweevil shetter,
Taliutah, La., I015-18 to 1930-31

[Smmnnry of serles 41

! .
Spanish-moss slicter ! Ount-striw shelter

Date of Installatlon H
Weevils |
Jmstatied i

Weevils

{pstaliod Emerpgence

Emorgonee

Nuwber | Number | Pereend | Number | Nuomber | Prrcent
253 10 g 5,401 3 0.05
52 LTT @, 468 L8
133 2,11 G, 170 5 1,38
6,811 204 8.02 B, 877 2 R E)

25,122 301 160 24,982 LH

FREE STUMI AS SHELTHER

A compuarison of Spanish-moss and a free stump as weevil shelters
was afforded in the tests of series 6, conducted during 1915-16,
181617, and 1918-19. Tield observations have called attention to
the danger of stumps as weevil shelter because they are usually
surrounded with masses of weeds and grass that are allowed to ro-
main over the winter. The preceding test with oat steaw, a some-
what similar material, showed the 1)ﬁ1ce of the material as an aid
to successful hibernation.

The purpose of this series was to study the possibilities of the
bare stump as a protection for hibernating weevils. On each date
of installation & cage was placed over a stump cleared of grass and
weeds, and 500 weevils were introduced, while the same number
were released in a checlt cage containing Spanish-moss. From table
4 it is seen that while more than twice as many weevils emerged from
the moss as from the stump, the survival in the stnmp cages wus
still higlt enough to be of haportance,

TanLe . —Comparison of Spanish-moss and stim #as botlweeril shelter, Tullulah,
L., 1915-- 16, 1850 17, and 195818

[Sumniary of sories ()

Spmaishetnosg shelior Stmnp siwiter

Iinto of instatlzbion Weevls W i I'
Feevily . . Ceevily a
; nsﬁll_ed Dmergonce [ nt\:‘i'.*n;Icc‘i Emergency

Number | Number | Pereent | Wumber | Nwwmber | Pereent
. ] 1 @, 20 L] H F
Al 5 L fijt:]

- i)

a £
i) 200
4.40 . R SPED R
TOBBI. e e 3, 500 1,87 H .73

Under such circumstances the practice of piling weeds or grass
around field stumps in the winter and burning them is certainly te
be recommended, not only as a means of getting rid of the stumps
and trash, but also as a weevil-control measure,

143975°~-35——2
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Fiseny A —IMibernation cages: 4, Typlenl check cage wlth Spanish-moys for shelter; o,
woenge jo oseries O with cornstalks for shelter.
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L3

COBNSTALKS AND COTTON STALKH A8 BHELTERS

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 biweekly
intervals throughout the fall of each year. The test cages were
partly filled with cornstalks (fig. 4, B), or cotton stalks from which
the foliage and fruit had been removed (fig. 5, 4). 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.

TanLe 5.—("omporison of Spanish-moss, cornstelks, and colton stails as boii-
weeril aheller, Tallulah, Le., 191617 1o 1330-81

{Summary of serfes 8]

| ]
Spanish-mass i Cornstalks Ciotlon shadks

Dute of instailation Weavils w?wns- W?e\'lls

Emergence - Emergenes n Ermerpenco
stalied stniled

| Fercent | Number |\ Number] Percent Numb:ranmber Percent
il 0,00

0.19 | 5, 198 B
LBDF OB 600 Iy
1491 &,18%

2.60

308 . 2,811

! This average is based only on Lhe 4 perfods that were covered by the avernges chiained with Spanish.
moss and cornstalk shelters.” Including n¥l 7 perlods. the averape is .75,

MIXTURE OF CORNSTALESH, BTRAW, AND BPANISH-MOUSSE AS SHELTER

Series 11 was conducted for only two winters, 1916-17 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 emer%ence from the stalk-straw-moss cages,
but as emergence was generally Iow in those two seasons the resnits
cannot be considered vonclusive,

HIBEENATION ON BARE 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 summarizedi 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-
centage of survival on the bare ground is rather surprising,
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okl 4

FioeeE §.—Niberonlon cnges: 4, A cuge in series 9 with cotton staiks for shelters B, a
urlj.."]L!]]n kﬁurieu 16 contalning suwmill debcls consisting of clips and pleces of board
nod hurk.
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TaABRLE 6.—Comparison of bolitveevil survival in Spenish-noss wnd on bare
ground, Tatlulah, La,, F318-19 to 1330381

[Summary of series 15

Spandsh-moss Bare grotsl

Trata af fustaitalion
Weorlls
{nstniled

Weevils

Euerpenee Instailed

Emarzence

Number | Nuwmber 1 Pereent | Number | Nuwmber | Percent

1] .30 24 ] G402
tob 1 iz
2 fi 0 317
2,80 k 8 .13

L83 22,055 i 09

HBAWMILL. DEDRIS A8 SIIELTER

Over a period of 11 winters, from 1919-20 to 1930-31 (except 1926
27}, series 16 was conducted tc compare the protection afforded by
sawmill debris such as chips and pieces of board and bark with Span-
ish-moss. The cages (fig. 5, B} were installed at biweckly intervals
from Septemnber 14 to November 6, as shown in table 7, with an aver-
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.

TPABLE T—Compurison of Spanish-ni0ss and sawnidll debriz az holltveeyil shelter,
Tullgial, La,, 1915-20 to 1930-81

[Susmnery of serles 16]

Spanlsh-rooss Ronrds, clups, ote.

Wenvily . Woevjls .
Installod Eamergetico Instailed Emurgence

Inta of instnllation

Nuwber | Nuaber | Percent | Nuwmber | Number | Pereent

Sept. 14-18 i 18 2,35 y [ .00
Sent, 20-0nt, 2 34 .28 5 244 28 .53
Ocl. 13-18.. 84 118 4, 885 ) 1.80
Oet, 28-Nov. 0., e ccemmmaemcemana 3.30 O, 283 in3 3.0

7. N o 1.7 20, 534 1,460

EFFECT GIF CUVERING CAGES

Series 12 was conducted for 13 seasons, beginning with 1917-18,
to study the eflect 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 hibernetion material.
Three cages, 1 altogether open as a 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 eaclh:
year.

The cages sided with boards were entirely rainproof, but a little
moisture could enter the cages enclosed with canvas. The series
was designed to firnish conditions as similar as possible to those
that would be found by weevils passing the winter within or under
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Fraeng 6 —illbernatlon cages: 4, eovered ceger wsed In series 12 showiog a cage with
cahvas sides nnd one with bourg sides | B, cares Droleeted by standing timber, series 18,
containfuy Sponich-mony and cotton Btalks for sbelter
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‘buildings, sheds, gins, ete., where, in addition to some protection from
cold, the insects would also escape the effects of rainfall. Table
8 shows that the emergence from the uncovered cages was roughly
c8

three times that from the covered oncs, with no significant differences
between the survival in the two types of covered cages.

TanLx 8. —Bollwoceril survival in Eponish-moss sheller o affected by covering of
cage, Tallulah, Ia., 181718 1o 1980631

{Sommary of series 12]

Cage roofed and slded & roofed with boarda
with boards Pt

Uncovered wire cage -and sided with canvas

‘Date of {natallation )
Weavils Weevis] Woevils
H Emeargeuca in- Elaergence ia-

stalled &talled

Percent | Number| Nusnber
Sept. 14-19__ - 0. 25 3

% 4 .86 . ]
1,43 s ]
3.01 B2

1.37 113

EFFECT OF STANDING TIMBER

Series 18 was conducted for 5 seasons between 1925-26 and 1930~
31 in order to study the ¥rotection afforded by standing timber to
the hibernating cotton bollweevils. Throughout the fall, eages con-
taining Spanish-moss and cotton stalks were instslled at weekly
intervals. These cages were in every respect like those of series 1,
with which they are compared, exc’ipt that thuy were located in
woodland, as shown in figure 6, B. Table 9 shows that the gverage
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,

TARLE 9.—~Co::npnrf.‘mn of bollweevil survival in cagen in woods and in open
}!e;g “g Spanish-moss plus cotton stelks as shelter), Tallulah, Ia., 192586 to
19 1

{Bummnry of series 18]

Cages in woods Cages in open field

Dinte of Installation

Weerils . Weovils
instalied | Emergence | D €8¥R 1 Emergence

E

Number | Fercent
1 0.0

BuwEe
[
-

ERagETeR
FitE b+
CRENEREQEPRERS

Number
2,479
4045

2, 467
2481
2462
2,415
2,438
Z, 447
2,952
2,309
DG
rin]
D

27, B4

3 mwgﬂssaaﬁﬁauog

\ 57

+.31

t Plus {4} degotes ncreased smergence in cages in open field, and minus {—) Gecroased amergancs in
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GENERAYL COMPARISON OF ALL LIBERNATION MATERIALE

The comparisons given show the results of the special tests with
each kind of shelter, and, in order to afford 2 more general comparison,
additional summaries have been prepared which include all cages
clagsified by shelter materials regardless of othier conditions. In
table 10 is presented a summary “of the percentage of survival in
different materials, while the rate of emergence is given in table 11
to show any effect these maferials may hiave on the time when the
weevils leave hibernation. From fable 10 it is seen that cornstalks
gave the highest average survival of any type of shelter, with Spanish-
moss 1anhm0‘ second, and that the Jowsest survival was vecorded in the
cages with bare ground. The fact that no weevils cmerged in series
11 is not considered stgnificant, ag that series was conducted for only 2
years, and weevil survival in those years was low,

TakLe 10 —Cenerad sammary of bollweeril surdival in ol cages clasrgified by
Wibernation skeiter, Tathuiah, Lo, 1815-16 to M86-3f

- RN
Wevils

o s of sheltd) 0o iy H
wWatere of shelter apd serley instiled

Lmergenee

MNumber . Nu mﬁcr Poergent
b i L

Carnslalks feeries 8} o ..ol

Spanish-moss {serios, 2, 4, 4, 0, ?. i m I! 1 11, 15, 16, l;; R
Epanish-moss, pius —otion staiks (\eries j)

SRawsnill debrls {series W ... .oo0 L

Qak straw (Ferica d) o -ceaa-.

Cotton stelks {series @), .. ...

Swmp (serfes ) ...

Sparish-iness, plus coLLan SLRIKS (!n WS, ser

Spmnish-tnoss, ond coge covered wilh howeds (‘-L‘TICS I
Spanish-moss, und cepo coveréd with canvas (Reries 125,

Tinre ground (Series 18} v cvomemano e [ -
Spuhishi-moss, onk straw, tnd cornstaiks (:ule\. i i)_ e mmm—a

PR e veme cd e mm e mm e ——————————

Tanry 1l—Summnry of e of weerdl comergener’ from various shotlers wsoed
in hibernafion cages, Talluiah, La., FHE5-16 to 1930-31

Crmuintive emergence h) maLhis
o shol W Lcﬂl\ - 1 \'; i
oinre of sheiler in- - Alarcly,
E sinled ] ~p, o Marelt fud Muygel . March, . A, B,
; i Muarch Aprit April gl April, May, Tt wnd
4

Muy and Jung

- S e R e
' VNwm- Por- N Pere Nt Pee- | Nl Por- YN, Per-
N.inubrr* ber joeenbd dur boeemt ) ber §oeent o ber | ocenty ber |cmt
BEUINT e e mmemmrcnammmnrwe] 2R & 4.n.ai I!)1 G 9 WML O e ae s
Cotton stalks R L &3 i RIS T R U ] W O Ui S 1V [N
CHIESLIBW _ . voocpm mmeme - - 24, Bh2 WG 324 185 808 RILENRTFNS ] LR R E
Suwmill deliris. . aeerw —ame -] HYEH N3 dwa 1wt s R B R 230 WRL D
Spprisitmoss wnd caps vov- - . o

ered Willt cAnVES.. oo i k1) :;Q I h::, bb 230 ‘1!‘4] ,;{:gg
Bere grotiied o ornn o o N R i), 5 X
(‘nmsgmiks. _. I B G5 1 G 152 b, -I"l BELB] A¥5|MHLD
Speuish-mos dus wilon ,

izl:.::{::,.i_l,.- _E...... I -9 5 i1, ('; AR, ML T R OEY | VRG240, 9
Snenishi-nbss 1R Wit LG 673 3L 'l..au" THG |2 283 | DU & s
Spapish-mows nnd euge orve ! )

{l’rmi wilh bapgrds .-.h.,... bt A S '.’5.3 COBR BRY 96§ B8R0 12 udt
Spubish-mosg, plus wunn ' : . .

I;Lnlks (i:n\"umis}._-_.. e LSRG 18 1 B, b3 M5 400 Ghe| 166082

|

1 Expressed ns the percentigo of the manber Lhint winerped wy shown in inble }: pot, Lberefore, com-
prrabie witlt the percentuyes of ciuergence gives j ¢ preceding tubles,
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EFFECT OF SIZE OF CAGE

Series T was carried on for only one season, the winter of 1913-16,
for the purpose of determining the effect on weevil survival of in-
creasing the size of the cage to 8 feet long by 5 feet wide and 6
feet Ivigh as compared with the standurd cage 4 by 4 by 4 feet. No
conclusive difference eould 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 of the number of weevils in a cage on the sur-
vival, In the regular tests the standard number of 500 weevils was
used mainly because previous investigators had generally used that
rumber, and it was highly desirable to follow their methods as
far as possible so that results could be compared. Tt was felt, how-
ever, that this nomber might be excessive for the type of cage in
use, and the overcrowding might prevent some of the weevils from
receiving the best shelter and thus result in an increased mortality.

Consequently in series 17, populations of approximately 25, 50,
100, 250, 350, and 500 weevils were used; a_complete series being
started on Qctaber 10 and 20 of each year. Spamsh-moss was fur-
niched for shelter. Table 12 shows that the highest survivals oe-
curred in the cages with approximately 50, 100, and 250 weevils per
cage.

TanLe T—Surrital of bullicecrils e affected by varying e anndioes pee cige
{ Bpttyish-mosg userd ay wreevif shelter), Tallufah, La., 1428-24 to 183031

{Bummary of series 17)

¥
Weeyils
installed | Toial
Tiate afjnsiallation I perenoe weavils LEmerpence
" {approxl- | jostolled
ok}

Nember - Nuwmber | Nuwwher Fereent
5 s 3 X

m’ L7l
Ot 10800 Wers o ameeeeee e mE yhn

B0 4k

A00 B, &4l

COMPARISON OF WEEVILS FROM DIFFERENT SOURCES

Series 13 was conducted during the seasons of 1916-17 and 1917-18
for the purpose of ascertaining whether weevils from various locali-
ties differed in their resistance to winter weather. It had been sug-
cested that weevils native to a more southerly district might be less
resistant to winter conditions than those oceurring in a move northerly
district. Consequently, two additional localities were selected ; one
at Opelousas, La., about 125 miles south of Tallulah, and the other
at Scott, Miss., about 100 miles north of Tallulah. Field-collected
weevils were gathered at each of these points and ulso at Tallulah.
Cage installations were made at each point with weevils from all three
lots. At each point 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 about the
only consistent one was the fact that native weevils proved to be
more resistant 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 eage tests have been bronght together by years in table 13 to
show average percentage of survival, rate of emergence, and emer-
gence period. From this table 1t is seen
100 thet a total of 430,364 weevils were in-
stalled in all cages under various con-
0 ditions during all years. Of these
/ 5,246 or 1.22 percent, emerged. Of
the totul number of weevils surviving,
157 percent emerged in March, 22.9
percent in April, 39.7 percent in May,
- £14 percent in June, and 0.3 percent
e in July. In other words, emergence
SwamT aemC wav ome e was 38.6 percent complete at the end
FIoUAE 7‘_.gummh? frequency ofdApriI, 78.3 peficent ;:cmplete at the
curve per@ntu: ou 1‘_?‘;&“ end of Ma and 99, reent com-
Hhine of emergency o UrOnE to plete at t.hey,end of June?e 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 therefore probably of general oc-
currence. Emergence extended into July in only 4 years.
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TasLe 13.—General summary of weevil emergence by months and periods of emergence, Tallulah, La., 191516 1o 1930-81-

Period of emergence Niimber of weevils and percent of total emergence by months
Yoar vilsin-

stalled date 3‘;“’: March - | . April Jine , July

Total
mergence
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Num- : Num- Num-
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1015-16.. s 13,100 127
171, o I S P S I - | 21,600

; Za X 500
19, 845
27,341
26, 288

Num-
ber

¥
g
3
|
:
&
i

[
-
i b
|ON
-0

88
Somw

o
N
-
=

ERRmeR,

| momaoRBR WD

| 2. 538
34,375

, 648

33, 585
40,378
16, 384
33,990
31,788
32,8M

Summary of all years 430, 364

eia.

BRREEREES B8

aBel N RavaENal
RBBEE, SREVEESLE

-

-3
s
&8

S| comanmSonaanooSa

w]ecuvasooumnaowa
CONOCOORNOSOSD

w | honossouwcDobEe

N8 NEESARESS
CoR - P-T LT YRR Y- T

)
©
o~
B Ng o
8 gcﬁuwo‘% NNOAN
»
L
-
)

1 Weighted average.

61 FONTOUINE ANV “IVAIAENS ‘NOMVNURGIH TIAGATION




2() TECHNICAL BULLETIN 486, U. S. DEPT, OF AGRICULTURE

From the foregoing it is seen that the experimental procedures
were standardized, exeept for certain variables which may be
grouped in the following nine classifications: Varying dates of in-
stallation; weevils that 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 fests every effort has been made to isolate those factors which
showed the closest correlation with survival. All mieteorological
observations available have been swummarized 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 betiween the records of survival and
those of maximum temperature, mean temperature, humidity, or
rainfali; and it was nol wuntil minimum temperatures nione were
considered that significant correlations were encountered.

TanLe 14.—Relation betiween minimaon. fomperatures and pereenfuge of weeril
sureival, Toliulah, L., 1915-16 to 1h90-3¢

Days lemperilure Seplember 1o March fell | aring.
lidow— 1A

P - temn-

. ; i pera-

B F. 00 1. ]' PR | I2F | W F, | 180 F. ture

T

Number Number! Numberi Number N mber' Nuwmber P, | Pereent
. 44 43 13 1 11 0.0
a7 ) .
k2] 10
E1 ki
al 14
[TE T - W
[ L1 T i i k)
PHE=Wowcal . L ol oo pY; 30
e 20

— R _ e
Eelales ER=R =4+ -

an

e —E T R

(R =T-RRol b g B P, R

OO D e O O S

T :-1 Lo o

The cocflicients of correlation between the number of times the
temperature fell below a certain number of degrees Fahrenheit and
the percentage of weevil survival are given in table 15. It will be
noted that all coeflicients, except one, between these two variables
are significant, and that the greatest correlation, which was
~-0.64=0.10, was shown bhetween the number of times the temperature
fell below 32° and 30° F. and the percentage of weevil survival,
Correlation is also shown between the minimum temperature for
the winter and survival, the coeflicient being +0.63£0.10. To deter-
mine what particular minimuwin temperatures cause the highest mor-
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tality of weevils in hibernation, coeflicients of correlation were com-
puted between the number of times a given temperature prevailed
and the percentage of weevil survival. These are also given in table
15, It will be noted that only 2 of these coefficienis are significant,
namely, the number of times the temperature ranged from 18° to 20°,
and from 1° to 17°. In other words, the results indicate that the
occurrence of temperatures of 20°, or lower, are accompanied by the
lowest survival. Winter minimwmn temperatures taken by them-
selves seem to explain only in part the winter mortality of weevils.
Undoubtedly, all such factors 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 an influence on weevil mortality.

Tanre 15 —Percentuge of holhiceenil survical corrvetuted with winler tempere-
tures uf Tulfuialt, La., 1815-16 fo 1930-31

Pereentage of weevil survivel eorrelaield with—

Days temperatiers f2li below tha fallowing dogrens: Linys wmapetature fiell lo the pllewing denrees:

Correiation
cotfficient ©
—{1 3=k 16 | 35, 34, and 33,
. B2, 3, and 30,
29, 28, and 27,
26, 25, pid 29,
24, 20, and 21,
k 24,09, and 150
I it e mea| WL 12 7
Ainimuwm temyreruidre for winter. . o .63

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  state:

Emergence depends largely, as has already been shown, nponr the nean
averige temperature provailing, The presence of food does not seem o
affect it. In the seuson of 18903 for one month preceding the emergence of
weevils at Vietoria [Texas] the mean uverage temperstsire wus 6564° . For
the first two weeks of April it averaged 684° F. Weerils left their winter
quarters from the middie te the last of April. While the mein average
temperature for May was nearly 3° Jower than the tempervature prevailing at
the time of emergence, weevils remained actively at work in the fields., In
the fall also weeviis remained at work at a lower temperature than that
which seems to he necessary to drgw themd from their winter quarters. The
reason for this fact is not apparent, but it is certain that onve huving left
hibernation weevils will remain active ut considerably 10wer temperatures.

According to Hunter and Plerce:®

The number of weevils emerging under 57° B, is very small indeed. From
thit point the emergence increnses with the inerease ip tetnperature until a

fHoxTer, W. N, and IRNps, W, B TR MEXICAY COTTON noLL WEETIE. U. 8§ Dept.
Agr., Bur. Bnt. Bull, 51, 181 pp., ilus, 1905, {(See pp, 106107}

SHuxteEr, W. Lk, and PIERcB, W. I). TITE MEXICAN COTTON-80LL WEEVIL! A4 RUMMARY
OF THE INVERTIGATIONE OF TH(S INSECT OP 'TO DECEMUER 31, 101 U. 8. Dept. Agr., Ryr,
I-h:f.:l.ogi}ull‘ 114, 188 pp., illus, 1912, {02d Cong., 2q sess, Seun. Doe. 305, {Sece
P 3
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majority of the weevils have emerged. Most weevils have been found to
leave thelr winter quarters during a temperature averaging between 64° and
78° F. At Keatchle 75 per cent and at Dallag 98 per cent of the total emer-
gence took place 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 © 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 tempersture considerably lower than this,
but the records do not indicate that fhere is a general emergence from
hibernation at u lower temperiature,

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° K.,
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 mazimum temperature ranged from 44° to 84°, with
an average of 71°. The maxintum 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 with mean temperatures of 60° or higher.
In the remaining 7 years the meuan temperature was from 43.5° to
59.5° on the day the first weevils emerged, but during 5 of these years
the mean femperature 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 maximuin temperatures are below 70°
and mean temperatures below 60°, which temperatures are usunally
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 temperatures
until the peak of emergence is reached, which is usnally during May.
After the peak is reached no further correlation exists between these
factors.

RELATION BETWEEN PRECIPITATION AND WEEVIL EMERGENCE

During the 15 years under consideration, from the beginning to the
end of weevil—emergencefperlods there was g total of 1,425 days, and

on 715, or 50.2 percent of these days, 1 or more weevils emerged. A
total of 5246 weevils emerged in all cages, or an average of 3.68
weevils per day for the total of the emergence periods. Kainfall of
0.01 inch or more 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.

or an average of all years, 254 percent of the total surviving
weevils emerged on days on which rain was recorded, 12.2 percent on

SHiINnps, W, E,, and YorHees, W, W. HIBEENATION OF THE MEKICAN COTTON BOLL
WEEVIL. 1. 8. Dept. Agr,, Hur, Ept. Bull. 77, 106 pp., illus. 1909, (Sce pp. 88-09.}
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the first day foliowing 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 ¢n, 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, snd
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 dsy 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
1928-29 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 ang(? 1931, It will be noted in table 16 that an average
survival of 2.62 percent was recorded in the cages where weevils
were removed on and after March 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 ear]
in May was 78.6 percent of that recorded in the cages where weevils
were removed on and after March 1,

TanLe 1G.-—Weenil survital in cages where emergence records were started on
Mar. I and on May § and 5, Tallulah, La,, from 1928-29 to 1930-37
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SUMMARY OF FALL AND SPRING EXAMINATIONS OF SPANISH-MOSS,
PERCENTAGES OF SURVIVAL IN H!BERNATION CAGES, EXAMI.
NATIONS OF COTTON PLANTS IN MAY AND JUNE, AND PERCENT-
AGE OF INCREASED Y1ELD IN EXPERIMENTAL PLOTS

Table 17 presents records made m the vieinity of Tallulah for the
winters from 1915-16 to 1930-81 which show the importance of
hibernation-cage records and further show the relation of such ree-
ords to certain other variables. The most important of these records
are presented in figures 8 and 9. Figure 8 shows the minimum tem-
perature for the winter, bollweevil survival (live weevils per ton)
. Spanish-moss under natural conditions, and weevil survival in
hibernation cages. The two survival curves have practically the
same trends. The graph also shows thie high degree of corrvelation
existing between weevil survival and minimum temperatures. It is
also interesting to note (table 17) that during this period the mini-
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mum temperatore was 20° I8, during the winters of 1915-16, 1922-23,
and 1930-31; 22.5° during the winter of 1921-22; and lower than
20° during the 11 remaining winters for which survival records of
weevils in hibernation eages nre available.  The avernge survival for
the 4 years that the minimum temperatnre was 20° or higher was
2.96 percent, as compared with an average survival of 0.29 percent
during the remaining 11 years when the minimum temperature fell
helow 20°,

There is also positive correlation between the minimum tempera-
ture of the preceding winter and the percentage of increased yield
in experimental plois {table 17) whete bollweevils were controlled
with caleium arsenate. The corflicient of currelation between these
two variables is +0,442=0.16, Kincer 7 showed that theve Is a definite

TRIZCER, T, I8 WEATHER AXNL COTFON BoLl wiEeYn. U7, 5, Munthly Wenther Rev, 5
201304, illux, 1028,
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correlation between the lowest temperature during the preceding
winter and the reported bollweevil damage. The correlation co-
efficients by States are as follows: Texas +0.71, Oklahoma +-0.61,
Arkansas +0.71, Lounisiana +0.63, Mississippt +0.74, Alabama
+0.37, and Georgia +0.63,

Pantk 17.—Summary of fall end spring Spanish-moss ceamindtions, percenttge
of bollweevil snrvival in hibernation cages, cofton-plant eraminaiions during
Moy end June, and percentage of incrensed yleld in experimentul plots,
Paltulah, La., 1913-1G to 1930-31
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Figure 9 shows weevil survival in hibernation cages, total pre-
cipitation during June, July, and August, and percentage of in-
creased yield in experimental plots where weevils were controlled
with calcium arsenate.

The increased yields on dusted plots (as compared with untreated
plots) refiect the degree of weevil Infestation in the different seasons,
since the increase in yield of treated over untreated plots was greater
in the seasons of severe infestation. The eurves of figure 9 show a
marked correlation between inereased yield and total precipitation
for June, July, and August, except for the season of 1926, in which
there was a heavy infestation of the cotton flea hopper, Psallus
serigtus Reut., and in 1927, the year of the overflow.

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

The correlation cocflicient between the percentage of increased
yield in the dusted plots and the total precipitution during June,
July, and August was +0.79=0.07. Kincer?® gives the correlation
coeflicients between rainfall in inches, concurrent year, and reported
weevil damage by States as follows: Texas +0.54, Oklahoma 40.70,

EKINCER, J, B, Hee footnote 7.
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Arkansas 049, Louisiana +0.78, Mississippi +0.63, Alabama
+0.46, and Georgia +0.23, Rainfall for the following periods
were used: Texas, June to August, jnclusive; Okizhoma, Arkansas,
and Louisiana, June and July combined ; Alabama and Georgis, July
and August combined ; Mississippi, June to September, inclusive.

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

During the last 7 years of this investigation valuable cooperation
was extendéd by a number of workers at State experiment stations
and_other points of investigation and by the Bureaw’s laboratory
at Florence, S. C.
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end August; apd percentage of increase to yleld In experimentsl plots where Dboil-
weavlls were controlled with caleium greenate, Tulluleh, La,, 1916-1831.

.In a comparison of the results of the cage tests at Tallulsh, with
results obtalned at the 17 cooperating stations from 192425 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 (table 2);, when many of them perished before
they entered hibernation, whereas at the cooperating stations onl
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 a long period (table 10), while at the cooperating
stations, in mmany cases, more favorable shelters were used,




TaBLE 18.——Percentage of emergence in hibernation cages at cooperating laboralories, 1925-31
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SUMMARY

This bulletin gives the results of a 15-year study of various fae-
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 was no survival among weevils put
inte the cages prior to September 7,

The study of the survival in various materials provided in the
cages for shelter revealed that the highest percentage of survival was
in cornstalks, followed by Spanish-moss, Spanish-moss and cotton
stalks, sawmill debris, and oat straw; with a nuinber of other mate-
rials and eombinations showing a much lower rating.

In 2 study of the effect of the number of weevils in a cage it was
found that the highest percentage of survival in cages 4 by 4 by 4
feet was obtained when from 50 to 250 weevils were used.

Weevils transported from other points were less resistant to winter
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°, 80°, 24°, 82°, 20°, und 18° F., respectively, were
found to be significant, as were also those between weevil survival
and the number of times the temperature ranged from 18° to 20° and
from 1° to 17° F., and that between weevil survival and the minimum
temperature for the winter. The weighted average weevil survival
for the 4 years that the minimwn temperature for the winter was
20° F. or higher was 3.9 percent, as compared with an average sur-
vival of 0.29 percent during the remaining 11 years when the mini-
mun. temperature fell below 20° F.

As g result of 15 years’ observations at Tallulah, an average winter
survival under all cage conditions 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 procedure), 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 snrviving, 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 percent complete at the end of June. The emer-
gence peried for the different years ranged from 47 to 127 days, with
a weighted average of 117 days. The extremely short periods of
emergence were during the years of very low survival., Energence
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 weather than upon the initial infestation.

The survival records obtained at Tullulah, La., were usually much
lower than those obtained at 17 cooperating stutions.
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