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SEFTEMBER, 1929

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

BIOLOGY OF THE COTTON BOLL WEEVIL!
AT FLORENCE, S. C.

By J°. A Fenron, Bulomologist, and M, W. Doxsan, Assistant Buiomologist,
Division of Collon Insects? Bureau of Enlomalogy

In Cooperation with the South Carclina Agricultural Experiment Station
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INTRODUCTION

After the cotton boll weevil had spread over the northeastern part
of the Cotton Belt, it became necessary to study its life history and
control in this territory, since it was well known that this species

Lol ndhonutais grandiz Bale, urder (Toleoptera, homily Conealionidie.
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is greaily influenced by different climatic, soil, cultural, and other
environimental conditions, 1ts life eycle had been previously studied
at Vietoriz, Tex., Tallulak, Mansura, and Delta, La., and Madison,
Fla., by members of the staff of the Bureau of Enrumology. Studies
bed also been made at varicus fimes by agricultural experiment
stations and other interested agencies in practically &ll Cotton-Belt
States. ;

In 1923 the United States Bureav of Entomology and the South
Carolina Agricultural Experiment Station began a cooperative in-
vestigation concerning the biology, ecology, and control of this
important insect pest. The project was located at the Pee Dee
Experiment Staiion. Florence. 8. C. During 1923 work was done
chieflly on testing ous various insecticides and methods for the control
of the weevil, T 1924 extensive studies on the biology and ccology
of (his insecel were begun, which were continued for threc years.
This bulletin is a report of these investigations. The main purpose
of the project was to determine the following points in boll-weevil
biology and control: Hibernation; the lile cycle; the number, relative
importuuce, and time of <npearance ol the different generations; the
effcet on summer multiplication of agencies of natural control, such
as parnsites, predators, hest, and proliferation; the r.igration or
dispersal of the adults in the summer; and the comparative suscepti-
bility of different varieties of upland cotton to weevil damage.

THE PEE DEE DISTRICT OF SOUTH CAROLINA

The Pee Dee district of South Carolina may be said to be that sres
of land drained by the Pee Dee River and its tributaries, lying within
that part of the Stete known as the coastal plain. It is youghly rec-
tangular in shape, 80 miles long and 60 miles wide (its longest sides
focing northeast and southwest), cxtending from s line between
Chergw and Camden to within 30 or 40 miles of the const.

Tlorence is lovated in what is known as the middle-upper coastal
plain. The soils of this section are described as *‘ mainly grayish sandy
joams with vellow, frinble sandy clay subsoils.’”

The Pee Dee district is characterized by a level, comparatively flat
topography, interrupted by o rather hilly and relling country in its
upper part and by low swampy areas along the watercourses, especiaily
to the cast and south.

RAINFALL

(imate influcnces to a considernble extent the seasonal cycle of
the cotton boll weevil, both directly through its effect upon the insect
itself and indirectly through its effect upon the development sand
fruiting of the cotton plant. Because of this fact, and also for the
sake of better comparison of the weevil biology at Flcsence, S C.,
with that worked out for other portions of the Cofton Belt, ib was
decmed  desirable to record the temperatures and rainfall during
the period Lhat the study was in progress, tu eompare these records
with the normal, and also to show the extremes of temperature that
have occurred in the past in this region.

TN, 6, O, and Baruk, . B, cotioxn, UL 8. Dept. Agr, UL Farm Mangl., Atles of Amerkemn

Agrivultaes, w. & sort. A, 95 4y, Blus, i9s,
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The normal climograph for Florence, based on TUnited States
Weather Bureau records for 35 years (1892 to 1028, inclusive), shows
that the rainfall is heaviest during the months of J une, July, and
August. (Fig. 1.) The total averace precipitetion during these
three months is more than one-third 0% the yearly total.
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Fraone 1.—A, climogranlt for Florence, 8, C., 1924; B, elimogenph for Florence, 8, ©, 15 O
ciltnograph for Florence, 8, €, 1676, Norof comditions, bused on United States Weather
Burewn records for 35 years, ara represented by solid lines, and conditions of 1924, 1025, and 1978
by brokan linos. Numbers In the graphs represent uonths of the yewr
In 3924 there was a total precipitation of 56.2 inches, as compared
with the normal of 45.51 inches. Months during which rainfall
was considerably above normal were January, May, September,
and December.  (Fig. 1, A) During September 13.72 inches fell,
whichi was 8.03 inches sbove normal. There was a total precipi-
tutlon of 36.38 inches in 1925, which wes considerably below normal.,
Since 1042 inches of rain fell during Jaouary of this year, which
was 7.62 inches above normal, it can be seen that the precipitatinn
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during the other months was much below normal. (F ig.1,B.) Months
during which rainfall was markedly below normal were February to
May, and July to October, inclusive. In 1926 there was a total pre-
cipitation of 36.91 inclies, which was about the same as for 1925, and
therefors much below normal. Months during which rainfall wes
considerably below normal were May and July to October, inclusive.
(Fig. 1, C.) Table 1 shows the departures from normal rainfall for
the peried of this study.

PapLe 1.—Monihly reinfall deportures from nermal, Florence, S. C., November,
1523, to Dscember, 1926

|
Tan, | Feb. | Mar. © Apr. | Moy | June | July | Aug. | Sept. ) Oct. Nov, | Dec.

Juches ) Inches | fnches: Suches] Frchea] Inchex | inchzs | Frichen | faches Inches | Frichea Tnches

RO PR - - —{. &)
BN L-H] R 9L =L % | 0.7 |—L9s |40.03 [—1.T0 |—0.94 2,41
=i I—l. 15 |-t o He 10 [—3.67 |-3.65 |—1.83 |—1.75 41, 12 0.04
—=0.30 1+ll 92 =270 14003 |—2.00 |—4.232 [—L.54 ;=250 | 4L 65 ~0, 43

TEMPERATURE

Chaits of the average mean temperatures for Florence, based on
32 years’ records as compiled by Richard H. Sullivan, in charge of the
United States Weather Bureau Station 23 Columbia, S. C., show that
the peak i the curve is reached in July. The climate of this district
is comparatively uniform, abrupt temperature changes being rare.
The maximum temperature record for the years from 1885 to 19286,
inclusive, was 108° F. at Florence* on September 4, 1925, and the
minimum for the same period was —9° at Cheraw on February 14,
1899. A minimum of — 1° has been recorded at Florence, 5. C. The
average range between maximum and minimum temperatures ab
Florence during the growing season is 23.47°. The growing season
(free [rom Yilling frost) for the entire Pee Dee district averages some-
what more than 216 days, while at Florence the average is 233 days.

In 1924 the moan temperatures were considerably above normal
in June, August, November, and December, and notably below nor-
mal in March, May, and September. (Fig. 1, A.) Mean tempera-
Lures in 1925 * were above normal in all months except January, May,
and November. (Fig. 1, B.) During 1926° the mean temperatures
were considerably above normal in December, February, and May to
October, inclusive. (Fig. 1, C.) Table 2 shows the temperature
departures from the normal for the period of this study.

ifn p proviens prper by thewriters the staternent is tnade that the maximuin tempersture during thesa
investimitions was 107° M. This telaperaubes wis the highest recorded st the Pee Nee Experiment Stution,
which was hendeuarters for this work, while fn the town of Florenee, 3 miles nway, the official Lhermomeler
of the L oited Atates Westher Bureau recorded s snaximuin of e, See FENTON, F. A, ond DUNsas,
i-:. wil nlslt-l-:ksu. OF THE COTTON ROLL WEEYIL, ANTHONDSIUS (A NIy BOiL Jour, Agr. Hesearch st 135-

a9, Hlug 102,
C"Rucords for Octabar, November, and Decetiler, 1025, are for Durlington, 8. C.
¢ Itecords for Junuary, Februury, sl Surel, 1020, are for Durtington, 8. €,
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Tavre 2.—Monthly lemperaiure departures from normal, Florence, S. (., Navember,
1923, to December, 1926
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RELATION OF CLIMATE TQ BOLL-WEEVIL BIOLOGY AT
FLORENCE, 8. C.

Boll-weevil survival was low for the winter of 1923-24, owing to
unfavorable weather conditions and also to defolistion by the cotton
feal worm (Alebama argilluced Hilbn.) the precoding fall. ~A minimum
temperature of 11° ¥. occurred January 6. Overwintered weevils
were very scarce in the cotton fields early in the season of 1924,
probably as a result of the two factors just named. Rain fell on 12
days in June and 16 days in July, although the total was below normal
for theae months.  There were also many cloudy or partly cloudy days
during which no rain fell.  As a result the fow surviving overwintered
wervils were enabled to produce & fairly large first gencration, which in
turn produced an evenlargersecond generation. Temperatures during
these two months were not high enough to cause much mortslity.
At about the time weevils began to be numerous enough to threaten
damage to the top crop during August, the temperature became very
high, the mean for the month being 2.4° sbove normal. At the
same lime ranfall wes much below the average, there being only
two days with appreciable amounts of rain. This condition eflec-
tively checked weevildevelopment. September was decidedly favorable
for the weevils, the temperature being 2.6° below normal and the rain-
fafl 9.63 inches above normal. During this month rain fell on 16
days, causing an exceptionally heavy, luxuriant top growth of cotton.
Great numbers of weevils were developed in the numerous late squares
which also provided food for the weevils and enabled them to go into
hibernation in good condition. More of these inscets were in the
cotlon fielkls tn the fall of 1924 than in either the Inll of 1925 or that
of 1926, the two other years in which the study was condueted.

The lollowing winter was mild, with no great extremes ol tempera-
ture, the lowest temperature reached being 22° . on December 2,
1924, Pemperatures in December, 1924, and February, 1925, were
decidedly above normal, and the temperature of January, 1923,
whs only slightly below normal. Unusually warm weather prevailud
during the fiest hall of March and ecaused great numbers of weevils
1o come ont of hibernation early, This was Tollowed by cold weather,
cheeking emergence until after the middle of April, "Many weovils
emerging in Murch survived until April.  Conditions fronl June to
September were distinetly uniaverable for the weevil, as the rainfall
was far helow the average and the temperatures, especially during
September, were considerably above the average.  There was such n
high pereentage of survival during bibernation, however, that the



http:dU1l1u.ge

6 TECHNICAL BULLETIN 112, U. 8, DEFT. OF AGRICULTURE

weevils were more numcrous during tne sumuner of 1925 than in
1924, and therewasa very heavy and prolonged dispersal, which began
much carlier than usual. The continued dry weather slmost com-
pletely stopped cotton from fruiting during August and early Sep-
tember, and as & result weevils were much fewer In numbers 1n the
{ell than they had been the preceding year.

The winter of 1925-26 was also unfavorable for the few weevils
that went into bibernation. While the temperatures were subnormal
only in January, yet severe freezes must have caused a high mortality.
in 1925 the minimum temperatures recorded at Darlington, 10 miles
north of the experiment station, were 9° and 10° F. on December
2% and 29, respectively. There were fewer overwintered weevils in
cotton fields in the spring of 1926 than in the spring of 1924. Condi-
tions during the summer were unfavorable for weevil development,
ternperaturcs being above and precipitation below normal. As &
result, weevils never beecame numerous enough to cause heavy damage
and there were fewer of them in the fields in September and October,
1926, than during the same months of the preceding year.

DAMAGE CAUSED BY THE BOLL WEEVIL

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

The average length of time & sguare hung on the plant after being
punctured once for egg deposition by the boll weevi was 7.35 days.
Following 2 punctures it remained on the plent for an average of
7.02 days; after 3 punctures, 7.08 days; and after 4 to 6 punctures,
6.53 days. These averages were based on the following pumbers
of squares: 1,780 squares were oviposited in once; 522, twice;
45, three times; and 28, four to six times. It is thus evident that those
squares which are destined to shed after being punctured either
once or several times drop in sbout one week,

AGE OF SQUARE PREFERRED BY THE BOLL WEEVIL FOR FEEDING
AND OYIPOSITION

In a series of tests conducted during 1925 and 1626, squares from
four days old to those in bloom wereexposed toweevil attack. There
were 2,065 squares used in this test. None received egg punctures
during the first five days and comparatively few on the sixth day.
Trom then on until three days before the squares bloomed there
was no apparent preference of the weevil for squares of sny particular
age for egg deposition. In squares three days or less from blooming,
and in blooms, more feeding punctures were found than punctures
in which eggs were deposited.

WEEVIL DAMAGE TO COTTON BOLLS AND COMPARATIVE COTTON
LOSS IN DIFFERENT VARIETIES

The amount of damage weevils can do to different varieties of both
short-staple and long-staple upland cotton was determined by bagging
pairs of weevils on uninfested bolls of known ages. The insects were
removed at the end of 24 hours and notes taken as to the number of
feeding and egg punctures. Bach boll was then fagged, given an
identification number, and rebagged to prevent injury from other
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weevils, The bag wasremoved before the boll opened, and after it had
opened the percentage of cotton loss was ascertained by counting the
number of locks damaged or destroyed. When a young boll was shed
because of weevil injury, it was recorded that the entire boll had been
destroyed. When the injury was caused by disease, or when it was
uncertain whether or not the damage was due to the weevil, the bolls
were not constdered in figuring cotton loss, This experiment was not
representative of field conditions sinee it iz known that in the ficld
squares are preferred and old bolls seldom attacked. The object was
to determine (1) the length of time a boll is susceptible o weevil
attack, (2) the comparative susceptibility of bolls of different ages
and varicties to weevil injury, (3) the cause for any difference if any
difference was found, nnd! {4} the regetions of the weevils themselves

A

FIGURE 24, cotion boll shewing pn exeeptionally urge number of feeding punetures;
H, wall of cotlon boll showing proliferation ot point where egr wes forced Lhrough.
‘Townrd Uie battom ey be seen an gyal diseolored arca where an egpe wos forved through
the puter wall but ol through the inver membrane

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

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

- bolls 26 to 30 days old, and for one variety a very definite increase in
the number of punctures in bells 46 to 50 days old over the number
in bolis 40 to 45 days old. In young bolls 1 to 5 days after blooming
the average number of feeding punctures ranged from 8.33 to 8.56 per
boll and the maximum number in one boll was 25. After these ages
the average dropped to from none to 3 per boll in bolls 46 to 50 days
old. The greatest number of feeding punctures recorded for & 24-hour
period on one boll was 40 for a boll 40 days old. There was very little
difference in the number of feeding punctures made per boll for the
three varieties under test, the slightly different averages at certain
ages nob being significant. Figure 2, A, shows the exfent to which
older holls may be damaged by feeding punctures in cases of ,excep-
tionally heavy infestations,
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The average nunber of egg punctures per holl for the three varieties
was as follows: At1 to 5 days old the range was from 0.43 to 0.9 per
boll; at 6 to 10 days, from 1.02 to 1.57; and at 11 to 15 days, {from
0.92 to 1.86. After the latter age period the average number of egg
punctures per boll continued to drop, with slight exceptions, until the
boll opened. The greatest number of egg punctures per boll recorded
for a 24-hour period was 12 for 2 bolf 18 duys after blooming. Variety
A, which was o short-staple upland cotton, averaged more egg punc-
tures per boll than the others up to 15 days after blooming. 1n bolls
16 to 20 duys old the average was about the same as for variety B,
which was rlso & short-staple upland cotton, but was stiil higher than
for variety C, a long-staple uplund cotton. Variety B had the sccond
highest average number of egg punctures up to 15 days aiter blooming,
and variety C had the lowest average number of egy punctures for the
first 25 days. Aflter 20 days the difierences in the average number of
egg punctures per boll for the three varieties were not great enough to
be signtlicant.

Dissections of older bolis often showed thut the hole made by the
weevil for the reception of the egg extended only to the inner mem-
brane which surrounds the cotton in each lock, Since this becomes
hard, it 1s possibic that the young weevil larva, after hetehing, can
not always penetrate into the lock itself. In many cases where the
egy was forced through the inner membrane, a small muass of plant
t1ssue ab this point showed that prolileration had taken place, kulling
the Iarva before it could cause any damage. (Fig. 2, B.)

The percentage of cotton loss per boll for the three varieties was
greatest at 1 to 5 days, when it averaged from 89.4 to 98.7 per cent;
and smallest after 30 days, when it ranged from 0.5 to 2.6 per cent.
The short-stapie variety B showed the greatest loss up to 5 days, and
the short-staple variety A the smallest, though variety A showed the
highest percentage of loss ab {rom 16 to 30 days. The long-staple
variety C varied in respect to amount of Joss, but for the most part
nereed approximately with variety B.

This experimens$ showed that the older a boll is the less chance
& weevik has of damaging or destroying the cotfon within, and
there is also & difference in the susceptibility of different varieties of
upland cotton to weevil damage to the bolls.  Less than 10 per cont
cotton loss resulted from weevil attack for varieties B und O after
holls were 20 days old.  Variety A was more susceptible. the weevil
heing able to cause more than 10 per cent damage up to 30 days after
blooming. The immunity of veriety B to weevil damage, aithbough
less than that of the others at the start, increased at a more rapid
rate as the bolls became older. The difference in pereentage of
cotton loss Tor the three varieties was not correlated with the com-
parative number of egg or feeding punctures in the bolls, Weewils
fed in bolls of all ages, nithough more feeding punctures were made in
young bolls than in old ones. The average number of egg punctures
per boll inereased for the first 15 days, owing largely to an increasc 1n
the size of the bholl; after this a decrease was noted, which indicated
that the hardening of the carpel of the boll was malking it less attractive
to the weevil,
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SEASONAL-HISTORY STUDIES

The comparative importance and time of appearance of the differ-
ent gencrations, the length of the preoviposition and oviposition
periods, the lecundity, rate of egg deposition, longevity, and ecourse
of development of the boll weevil were determined under different
conditions by means of the experiments described below.

When cotton began to square,’a large number of field cages were
set up over young plants, each cage containing a male and a female
overwintered weevil, marked to distinguish them from any that
might accidentally get into the cage. Each day the cages were
examined and notes taken as to the survival of the weevils, the num-
ber of eggs found, ete. Each square containing an egg was marked
with a white tag bearing the number of egg punctures in it and the
date. (Fig. 3, A) As soon as the weevils hed punctured all or
nearly all of the squares in the eage, it was placed over another plant
either not heretolore infested with weevils or with all punctured
squares removed, and in it the same pair was placed.

The infested cotton plants, now bearing many white-tagged
squares, were left out in the open ficld, but were marked withk a
white-tipped stake which could be easily seen. Each day an oper-
ator visited these tagged plants and searched in and under them for
infested squares which bad fallen off. These were gathered together
In a compartment of a specially constructed tray, together with o
tag bearing the same date. Later these squares, which now con-
teined nearly mature weevil Jarvae, were placed in square cuges,
nceording to the date of collection. (IMg. 3, B.) These were found
unsatisfactory, however, as the mortality was too heavy and the
chance of weevils being overlooked too great: for this reason later
infested squares were brought into the insectary and placed in breed-
ing boxes, Each box was 3 or 4 yards long and divided into many
compartments, each about 4 or 5 inches square. A lid fitted tightly
over the box, Dampened sphagnum moss was packed in the bottom,
over which the squares were placed. A hole was bored into the side
of each compartment and into this a shell vial was tightly fitted.
When the weevils emerged, being positively phototropic, they col-
leeted in these tubes and could be handled and removed easily.
Belore relying on these cages, it was first definitely established that
the weevil development in them was the same as in the more nearly
normal “square’ cages, provided the squares were allowed to remain
on_the planis in the field until they dropped.

First-brood weevils were placed in field cages in the same Wiy as
the overwintered weevils and watched in the same manner. Yellow
tags were used to mark squares punctured by them. Since these
first-breod weevils were always very numerots, other experiments
were made with them; for instance, to determine how they reacted
when Ted only on bolls.  Females of this brood began ege deposition
in bolls when squares began to get scarce. Bolls containing ecggs
were tagged in the same way as infested squares, except that a ring
wis made around the puncture in the hull of the boll by using the
end of o sharp pencil, so that the next day the ege would not be
recounted. (g, 4.)  Since these bolls usually did not fall ofl the
plant, weevil development in them had to be watched dilferently
from that in the squares. About a week before they were due to
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BIOLOGY OF THE COTTON BOLL WEBVIL AT FLORENCE, S. ¢. 11

open they were picked from the plants, brought into the insectary,
and placed in bell jars. Bach day they were examined, and any
weevil that emerged wus recorded and the boll from which it emerged
was noted. The emergence hole was plugged up with cotton so as
nob to be mistaken for a later weevil exit hole. )

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

Fiownk L--Cotlog hoil showing marked cgg punetres

STUDIES OF 1924

In 1024 the first weevils emerged from hibernation in cages on
March 31 and the last one June 25. Emergence was light and scat-
tered throughout this period, but the heaviest emergence oceurred from
May 23 to June 2, when 23 of the total of 75 survivors issued.
Figr, 5.} .

There was & maximum of four generations in 1924, The first was
large, practicaily all eggs being lnid when squares were plentiful.
Conditions [or developmont were ideal, as there were {requent rains
during this period and a high percentage of cloudy days. Oviposition
by the overwintered weevils began June 21 in the field eages, but in
one field planted vousually early it hegan ot least as carly as June 9.
Tge deposition by the overwintered lfemales continued until August
11, and a lew males lived until Seplember 1. The peak of aviposition
oceurved July 1, and asecond high point was reached July 13, (Fig. 6.)
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First-brood adults emer%ed from June 26 to August 18, (Fig. 7.)
Oue was reared from a boll September 30. Oviposition by this brood
extended from July 9 to October 2. After the middle of August the
rate of egg deposition slowed up considerably, owing to a scarcity
of squares and young bolls. The peak was reached July 21. (Tig. 8.)
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Second-brood weevils issued from July 24 to October 29. (¥Fig.
9, A.) The emergence was scattered after August 27, owing to the
Tact thet eggs Iaid in bolls in August did not produce adults untit
September and October. Emergence from bolls came between Septem-
ber 1 and October29.  The oviposition period extended from August 1
to October 9, the peak being reached August 19. (Fig. 9, B.) At no
time was the egg deposition as heavy as that by females of either
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the overwintered or the first brood. After September 1, egg laying
was retarded, owing to the unusually cool, rainy weather, as well as
the lack of uninfested squares.

Third-brood adults issued from August 17 to November 14. (Fig.
10, A.) Most of the oggs of this brood had been deposited in bolls,
snd emergence {rom these occurred from August 21 to October 20.
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The oviposition period of this brood extended from August 22 to
October 24, the peak oceurring September 2. (Fig. 10, B.) Owing
to very unfavorable plant conditions, oviposition was light and
scattered. )

Only a few fourth-brood weevils were reared, the first issuing
September 12 and the last Oetober 31. (Fig. 11.) Thers was no
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egg deposition by this brood. The seasonal history for 1924 is shown
in Figure 12.

Weavils began to lesve cotton fields in large numbers for hiber-
nation in late Oectober, the movement starting during the cool spell
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of October 22 to 25, when a light frost cccurred.  In some places
the frost was heavy cnough to kill cotion, but tn most localities no
damege resulted. The first genersl killing {rost came November 19.
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STUDIES OF 1925

Emergence from hibernation in 1925 was prelen
begiuning March 6 and extending to July 1.

(Fig. 13, A.)
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was reached April 24,

According to trap-crop records, the migration

of the overwintered weevils Lo the cotion fields extended from May 14
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As in 1924, there was o maximnm of Tour-generations.
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{o dry weather and temperatures nhove normal
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during June and early July, which caused 8 high mortality among all
immesture stages except the egp. Oviposition by the overwintered
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brood extended from June 9 to July 17, The peal of egg deposition
was reached June 23, (Fig, 13, B.)
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Emergence of the first brood continued from July 1 to August 17.
(Fig. 14, A.) No adults were reared from bolis. Egg deposition by
this brood occurred from July 6 to August 28, and was heavy up to
August 11.  (Fig. 14, B.) After this date it was light and scattered
owing to & drought and sukhsequent lack of squares and young bolls.
The peak of vviposition was reached August 1.
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Second-brood adults issued {rom July 23 to October 4, the peak
being reached August 5. (Fig. 15.) Emergenee was more or less
light rnd scattered, owing to high prevailing temperatures at that time
which caused & heavy mortality of the immature stages, Emergence
from bolls extended from August 28 to October 4, but was heaviest
from August 28 to September 10.  The oviposition peried for second-
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brood weevils extended from August 3 to September 3, then ceased
entirely, owing to the lack of squares und young bolls. {Fig. 16.)
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Third-brood weevils issued from August 20 until September 23.
(Fig. 17, A.) Emergence lrom squares was light, however, and no
records of emergence from this scurce were obtained after Septem-

ber 12. Adults issued
from bells frem Sep-
tember 5 to 23. Wes-
vils of this brood ma-
tured at a time when
there were no sguares
or young bolls present
owing to the excessively
hotdry wesnther, so there
was little opportunity
{or oviposition, only one
*record being obtained,
September 3. When
squares begun to be de-
veloped sgain, weevils
of this hrood started
egg laying on Septem-
ber 24 and continued
until OQctober23.  (Fig,
17, B.) The peak was
reached September 29,
NI N T Nl Oviposition was light as
» a3 1 s 20 2 e 3 compared with that of

s Nt seeTenees the preceding broods.

Fraung lti.—J)mm:}é;z:}:l:}i%ﬁﬁ::iﬁ,t:i‘:jz(s';?::z;i:;,is braod of the bl VCI"Y fewfourth-brood

weevils were reared; the
first emerged October 319 and the last November 28.  (Ifig. 18.)
There was ho egg deposition by this brood. The seasonal history of
the boll weevil for 1925 is shown in Figure 18.
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Tn 1925 systematic collections of squares were made from a number
of fields each week, and these squares were dissected to determine the
proportion of stages present at that time. Adults were not found
until the eullections mede July 2 and 3 were examined. At this date
76.74 per cent of the live stages were larvae, 22.09 per cent pupae, and
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1.16 per cent teneral adults. This corresponded closely with breed-
ing-cage emergence records, the first adults emerging from cages July
1. It was impossible, however, to detertnine the number of gener-
ations in 1025, by square dissections, owing to the overlapping of the
genexﬁations under ficld conditions snd to the migratory Eabit of the
weevil.
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The first weevils were found in hibernation in Spanish mess collec-
tions of September 1 to 3. Field counts did net show any extensive
movement into hibernstion uniil Qetober 13,

STUDIES OF 1926

The first weevils emerged from hibernation cages March 2, 1926,
and the lust on June 22. (Fig. 20, A.) As in 1024, emergence was
light and scattered, there being periods when no weevils were emerging
from the cages, followed by a light emergence for several days.

There was a maximum of four generations this year as int the preced-
ing two vears. likewise, as in those years, the third and fourth
generetions were incomplete.  Very few adults of the fourth genera-
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tion emerged and hence this generation was of little importance.
The first epgs were Iaid by the overwintered weevils on June 15 and
the last on July 21. The peak was reached July 3. (Fig. 20, B.)

{ondlitions for development of the first generation were about
normal.  First-brood adults emerged from July 5 to August 10.
(Fig. 21, A) Bgg deposition by this brood extended from July 10
to August 24, (Fig. 21, B.)

Second-brood adults issued [rom July 29 to September 19, with the
peak on July 2. (Fig. 22, A) Emergence of adulls of this brood
from bolls occurred from August 18 to September 19. The ovi-
position period extended (rom July 31 to Oetober 1, the peak being
reached August 11, (Fig. 22, B} As in other years, egg deposition
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was lighter in September than in August, snd the total number of eggs
deposited was also less than for the two preceding broods.
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B

Third-brood weevils issued from August 18 to October 30, emergence
from bolls taking place from August 29 to October 19. (Fig. 23.)
The oviposition period for this brood extended from September 1 to
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QOctober 21, with the gea}c on September 30. (Fig. 24.) Oviposition
was light as compared with that of the other broods.
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Flaune 20.—Sensonal history of the cotton boll weevll, Florence, 8. C., 1826, 85 determined by
nliservations on weevlls io cages in the fteld und laboratory o

1
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A few fourth-brood weevils were reared from October 4 to November
8. (Fig.25.) There was no oviposition by this brood. The seasonal
history for 1926 is shown in Figure 26.
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Weekly dissections of squares were made dwring 1926, but the
material could not be identified with definite penerations. The firs
collections were made July 8 and showed only one weevil emetrged
out of 134 forms. This indicated that the first generation had just
started to emerge. At this date, 80.6 per cent of the live stages were
larvee, 17.16 per cent pupae, 1.49 per cent teneral adults, and 0.75
per cent had emerged ss adults, The earliest first-brood weevils
reared from squeres n cage experiments emerged on J uly 5, so up to
this date field dnta corresponded closely with cage records,

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

During the three years that the seasonal history of the boll weevil
wes under observation, this history was correlated with the develop-
ment and {ruiting of the cotton plant. In 1925 this phase of the work
was stressed particularly, and weekly photographs were taken of
typical cotton plants in the same field in which the life-cyele studies
were being conducted. The results of this study are shown in Table 3.
Only such observations as were of particular importance were included
in this tabulation.

Tanke 3—Comparison of seasonal hislory

of the boll weepil and development of

the cotton plant, Florence, 8. (., 1985

Tle Levolopteent of tha calton plant SBensonal history of the boll weevil

Apr. 20 ¢ Clatton first up . ooooo £0.51 per cent woeevils etnerped from hibernation cnfres.

Muy b} Fruiting branches af cotlon bad Sturt- | 8050 Pt cent weavils emerged Irom hibernntion coges,

el Lo develop, st suaees Tormed. 47.01 per cent weavils tuken from trap crops.

June &t Pruitiug braonches weli sturted, older | 90,29 par cent weevils smerged from hibernation CUFES,

plienk bearing & siunres. .71 pter cent weevils tiken fram trap erops,

Jupe 12| Plants touching in rows, number of | 05.18 per cent weevils emerged [rom hibernatinn cages,

sipuures developed abonut douehied. 04l per cent weevils Laken (rom teap coops. ) ver-
wintered (emales sturted age deposition.

June 21| Plans hud sisried to bioom..ooo..___ ML76 per cont weavils emerped from hibecnation IS,
Y85 per eent weavils taken Irom Lrap etaps, O ver-
wintered females had just pussed penk of g dep-
osition.

duly 3 Plants hlooming generally, and bad | Al wesvils hay emerged Iram hilernation enges, 09.25

sl ficst Lalls, et cent had heen laken from the trap crops.  Qver-
wittered weevils continued opg deposition.  Fiest
hrond emerging.

July 10| Plonts beartng an inerensing nienbor | Alb weevils had emerped (rom hibernation. Both over-

0l wgguares, hlooms, nnd bails, winteredd and {irst-brood weevils depositing egs,
Juby 161 Plants sull besriug an Terensing nom- | Most overwintercd weovils dend.  First-brood wesyil
ber of furms, populintion in all fields increasing and mosi of epg dep-

ositlon s by this braad. Dispersion ectmericed,

July 2 Plunts ab pesk of sguare peoduetion___| Mast of weavil popataiion was composed of the first
brood, adults of which were still emerging rom
squores. A few seeond-brood weevils developed.,

July 31 | Mants hal pogsed penk of srunre pro- | Ficgl-hrood weevils neur penk of e depasition.  Gier-

EiucLimi und werg shadding exeess sence of both trst und second braods contining,
reiit,

A, T Plus shedding frult profusely owing | Rmergenes of dest brand pearly over, hut inerensing

tor drought and weevil puncluring. nimbers of sepend Lrood emerging.  Eeg deposition
hy bath hranis.

Ang. 14 Plants had shed oeurty alf sguares. | A few first-hrood weevils still emarging, but large num-

Holls apening, ers al seeond-brood adults amergine, Maost of L
deposition in bolls,

Aug. 21| Ananecensing nonber of bolls opening.] Emergence of weevils chivfly of the sesopd broad, bt
u few third-brood wdults amerging, Egie deposition
wndnly i bolls,

Adnt 27 Cobton picked gnea oo Fmergence of second-hroud weevils continging from
sgunres ond that of third trood inereasing, Al ege
deposition by ficst and seeond broad fenrws.

Bept. | Cotlon plokerd twiea. .o Sevond brood emurpging chietly from holls and thied
brand from sqieres. Very little ey depostiion apd
Lhis by third brood,

Hept, 1R | Second prowth of ecotlon started. .. _ U Ernergenes of wesvils eliet ¥ from bolls and Inrgaly that

poof the third hrood, Very little ey dopositlan by
Lhird-lirnod futigdes,
Set, 25 | Pluaits bearing an Inerenging number | Emergenee af woayils wearly over, Ry deposition
al secnnrl-Lrs spunres, rmm_llud in lale sguures by speond aod thicd brond
weavils,
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Overwintered weevils continued to be found in the trap crops in
1925 until cotton started to bloom, and the earliest first-brood adults
matured at or shortly alter this time. (Fig. 27.) Aslong as the plants
continued to bear an increasing number of squares, the development
of the weevil continued in an uninterrupied manner. (Fig, 28.)
Plant conditions were therefore favorable for the weevil up to and
shortly alter the peak of fruit production, or until August 7. After
this date most of the ege deposition was in bolls, and this at once
retarded weevil ovipesition and rate of development. The condition
ol & typical cotton plant during this period is shown in Figure 29.

Frevee 07.--Typival eatton plant siripped of leaves Lo shosw frtiting condilion at
tane af fest blooets photographed at Fioroee, B, C. June 20, 1925

This unfavorable period extended from August 7 to September 18.
Although these conditions were unfavorable for adulé weevils, there
wis o continuous emergence of young weevils during this tune, from
squares ab first, and after August 28 largely from bolls, When the
charactenstic sccond growth of cotton started (fig. 30), the weevils
prosent in the field were largely of the second and third gencrations.
These started egu deposition in the late crop of squares, thus produc-
ing lute individuals of the third generation and also some of a lourth
generntion, 1t is thus seen that during 1925 the sersonal life cycte of
{he bull weevil was greatly influenced by the ruiting of the cotton
plunt. ‘This was also true in 1924 and 1926.
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FIGURE 38 ~Tymen! rotton plant stripped of Wenves to show lurge ourober of separes noud balls
" n

Culler tugged) ut peak af (ruateng; pliotogrspived Lt Florenee, 50O, July &2, (035
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el of tepves o sbow luck of stuures wned young Lolls

Fr;lie 5 - Tyacn! eolion plant soipp )
photegreplied ot Florenee, 3, ., August 1, 1825

Lhiree wigks after peak of [t
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Frat b5 My, - Trpten) eoteon plamn < EIpiped of leaves (o hiow clinractpria e

A second crop of stuares;
phivtugraphbed b Florener, 3. 0, Uelohier 2, 1035
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LIFE CYCLE IN FIELD CAGES

LONGEVITY OF OVERWINTERED WEEYILS BEFORE COTTON IS
AVAILABLE FOR FOOD

The average longevity without foed of overwintered weevils thut
emerged from hibernation early, before the cotion plants were up,
wus determined as follows: Those issuing in March were marked with
g red dyve and replaced in the cage.  If recovered later, s note was made
of this end n second mark made. This was continued s long as the
weevil lived and was recovered.  Weevils emerging tn Apeil before
colion eame np were marked in the same way except that 2 blue dye
wis used instend. Al weevils emerging from hibernation that were
not recovered luler were assumed to have lived one day.? The lon-
gevity of those reappearing in the cages after the dates of first emer-
gence was determined by the number and color of the marks on them,

The average longevily of overwintered weevils which had emerged
before cotton came up was 5.65 days, the maximum 52, und the mini-
tmum 1 day. This was deterinined from 678 records Tor 1925 and 1926,
Comparatively few weevils that emerged prior to the appearance of
cotion above ground lived long enough to be placed in fleld cages
over young plants.  Those that did, died within & few days alter
being released In the cages,

Although the emergence of the weevil from hibernation in many
of these eages ocourred somewhat earlier than in nature, it was evident
thut there was o heavy mortality smong the curly-emerging over-
winlered weevils and that this further decressed the number that
eventuslly found their way to cotton later in the spring.  As shown
later, many were also sble to survive by rehibernation until after
cotlbon was up.

LONGEYITY OF WEEYILS WITHOUT FOOD IN THE FALL

On October 10, 1924, 100 weevils were collected in the field and
placed i cuges withoud food or water. A similar serles was stwrted
October 20 and another on October 30.  In all three cages weevils
begun to die in & few days, the percentage of mortality increasing
daily.  Ou November 8, 95 per cent of those in cages started October
10 were dead, and the Inst suecumbed November 10, On November
19, 77 pereent of those caged Oclober 20 were dead, and 43 per cent
of those caged October 30, This test showed that weevils may live
us long as 29 davs without food or watber in the lute fall, It also
tndienied that o part of the mortality of weevils placed in hibernation
enges enrly was due Lo the fact that many of them were not ready for
hibernution a4 this time. The denth of many weevils in these enrly-
installed cages oceurred before winter set in and was caused by
sturvabion,

LONGEYITY OF OVERWINTERED WEEVILS IN YOUNG COTTON
BEFORE IT FRUITS

To ascertain the length of life of the overwintered weevils in young
cotton before 1t begnn to fruit, those which had just emerged from
hilernntion were released in large fleld enges over small cotbon plants.

T U oefolibbeddly seste weevils Bvad for o few tleys nfter Bnvlng gone biek nte Siberontion, consaeentiy
thiesy Drreres o 0L €ive tha LRgs Gyetipe tomgevity,

330957 29——3
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As a control, a similar tesk was run in the insectary in tumblers, the
weevils being fed with cotton leaves and leaf buds. This experi-
ment, which was discontinued as soon as cotton began to set its
first squares, was conducted during 1925 and 1926, with weevils
that emerged in lite April or May before cotton began to fruit.

There was o very heavy mortality during the first few days after
emergence from hibernation, and comparatively few individuals
survived until cotton began to fruit. These weevils fed readii ¥ upon
the young cotton plants, destroying some of them. (Fig. 31.) The
avernge longevity from 192 records was 8,13 days, and the maximum
40. AL the same time 163 weevils kept in tumblers in the insectary
ad fed on the same parts of the cotton plant lived on an avernge
14.01 days, and the maximum was 40.

The greater average longevity of weevils in tumblers over that of
those in the field cages suggests that the high mortality of the latter
was not due (o 8 Jack of squuares upon which to feed but to o difference
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Fiurng 31 =madl colten showing severe injuey By weevils, io nn experiment to delermine
presoimre fagevey of te boll woevil,  This eondition s rarely, i ever, found in the feld

in enge conditions.  Since the same type of cage has been success-
fully used for life-history experiments for three years without sich
o high mortality, it is believed that the cage was not ulone responsible,

LONGEYITY OF WEEYILS IN COTTON AFTER IT FRUITED

The average longevity of adult boll weevils in fruiting cotton in
the fickd cages, us shown by the data in Table 4, was 19.32 days for
mates and 15.99 for females. The maximum for males was 8% days
and for females 81, These figures are based on individua! observa-
tions of 303 males and 326 females made ot different times during a
3-year period.  Third-brood weevils Jived longer than those of any
of (he other hroods, males averaging 25.1 days and females 2221,
while those of the fourth brood were the shortest lived, males averag-
ing 15.33 days and females 9. The average longevity during the three
Years was greatest in 1924 and least in 1925, In the formor YOur
mafes fived for an average period of 27.08 days and femnles 2219,
while in the Intter year the average was 13.44 days for males and
1.8 for Temales,
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TasLe 4.—Longevity of the boll weevil in fiel ¢ cages, Flovence, 8. ("., 1984, 1923,

and 193,
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The data on longevity are based upon all records, whether the
weevil lived only one day, or escaped lster, or was killed by spiders,
v whether it lived for what appeared to be the natural span of life.
Since the weevils are exposed to all sorts of enemies in the field, this
average is probably very nearly that in nature. Comparisons of
longevity in the different years show clearly the elleet of temperature.
Thie season of 1924 was favarable for the weevil, resulting in the long-
est nvernge length of life, whereas excessively high temperatures in
HE25 caused a very great mortality in Lhe eages and reduced the aver-
nge longevity.  There was considerable yearly variation in the longev-
Hy of the overwintered, first-brood, and second-brood weevils, but
[he averages Tor the three years are about the same, weevils of the
lirst brood living ahout one day less than the others.  The longevity
of the third-brood weevils was much greater than that of any of the
others.  "Phis was due to the fact that many of these weevils were
developed in late summer and early fall, when the wonther was mueh
cooler, and this retarded all retivities, as shown later.  The COHir-
tively short longevity fur the fow fourth-brood weevils was due to
the Tuet thal they matured late and had only a short feeding period
boerore frost. None of these survived the winter.

PREOVIPOSITION PERIOD

The average preoviposilion period in field cages, determined from
240 records, was Tound to be 7.21 days, with a maximum of 31 and
and minimum of 1. (Table 5.3 The vearly average varied from 7.71
days in 1924 to G.Y1in 1926, Third-brood females had the highest
nverage preoviposition period, which was 13.27 days. The lowest
average was 5.98 days, for lirst-brood Tenmgles,
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TanLg 5.—Precviposition period of the boll weevil in field cages, Florence, S. C.,
1824, 1925, and 1926

HNumber of days before
Number of— ovipasitien
Hrood Year

: Weevil| Aver- | Maxd- | Mini-

Recordsi “yive | “age | mum | murs
AT
-5 1025 A 5, 1
Overwinterad.___. -] 1% 2| 25| 0= 15 5
1024~ 1920, T 5T% 8.7 18 1
14 21 156 744 15 3
First 1923 ol 1] 4w ¥ 3
1k 1) i) 5. 10 3
lres 2ite )] p2k3 403 5. 58 15 3
94 ) 17 E.BS 13 2
P 1425 18 81 503 I 3
= 190 ] 17 by B 2
{ 34 126 4l 33 Loz 15 z
N i) 4 41 16, 35 bz ] ]
Phirg 1025 wl ml wxm| # 1
""" b 1 12 1z FLI ¥ 18 4
T2 -5 2% 345 8.5 i1 I
1524 (] frill 7.71 4 z
" - W5 7 a5z 7 3t 1
I'otul oF uverage. - 1650 a1 & 531 18 2
BT HOT LTI T4 31 1

The preoviposition period of overwintered weevils is computed
from the dale of appearance of the first noticeable square, which
in reality is about 5 days old, te the time when the first egg is de-
posited.® That of the wintered weevils averaged about three days
jonger than that of either the first-brood or second-brood w_eev"if;;.
This was because the overwintered weevils had access at first to
very small squares only, whereas weevils of subsequent broods, upon
emerging, found large squares and bolls to feed upon. The gradual
change of [eeding from the leafl buds to .the squares probably had
some cflect on the overwintered weevils. Furthermore, comparatively
[ew squares are available at the first of the season. The preoviposition
pm-imj of both the first and second brood weevils averaged shorter
than that of the other broods. At the time most of these weevils
mature the plants are heavily fruited, thus providing an ebundance
of suitable food, and this fact, together with the. high temperatures,
is favorable for » rapid development of the eggs in the ovaries. The
long average preoviposition period of the third-brood weevils was
due partly to the fact that they were obliged to feed largely on bolls,
and this lengthened the period, s shown later. Since the period was
also lengthened for the third brood in the insectary where plenty of
squares were provided, it is evident that this longer preoviposition
period was not entirely due to a lack of squares on the plants.

The average preoviposition period of approximately 8 days for the
overwintered weevils iIs significant when early poisoning operations
against these weevils are considered. It means that very little egg
deposition will occur before 6 to 10 days after the appearance of the
first noticeable squares, depending upon the season. Since a square
must be at least 5 days old before 18 is large enough to be attractive to
the overwintered female boll weevil, and since after this & minimum
periodd of 6 days must clapse before the first egg is deposited, this

ll'i‘htﬁ dows ot represent bl Lrue preovipositivn pecfod, store thuse famales had emerged the proveding
nll,
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means that the oldest squares in any field will be at least 11 duys old
hefore the first oviposition oceurs. For the first and second broods
the interval between emergence of the weevil and the deposition of its
first eggs is shorter, averaging somewhat less than 6 days, In con-
sidering [ate applications of poisons, this indicates that all weevils
emerging from squares after the poison has been applied will begin
Lo oviposit in about 6 days, if not killed by the poison present.

OYIFOSITION PERIOD

Tn field esges the average oviposition period was 12,66 days and
the meximum was 70. This was ascertained from observations on
248 females during three years. (Table 6.) The yearly avernge
ranged from 18.74 daysin 1924 to 10.221n 1925,  Third-brood weevils
had ihe longest average oviposition period, which was 13.55 days,
andl the shortest was 11.82 for first-brood femules.

Tavuk U~ Cheiposition period of the boll weevil {n field cages, Florence, 8. O, (824,
{920, qd 1020

| Numlwr of days of
ovipositiog

Aver- | Maxi- | Mini-
e mum | g

14124 i 57 4
1925 o 1. H
w2 He
TR - lhen: ] 41
1 i i
First . P JUZ p o 21
JL F s ]
1024~ i 5

e

Overwintermd L .

Sevond 1445
1i45
S 1N

Uk
Tlard . - e C e e eumam 2y

2

Aaly
14— 1]

1424 6
1925 T
Fhy N3
1924 142 Hy !

'ulad wravernge

There were no marked  differences in the comparatlive syverage
lengths of the oviposition periods of the different broods, The
maxtmi show, however, that females of the second and third broods
may have a longer oviposition period than that of the other broods.
The average for 1924 was appraximately ecight days longer than that
for 1925 aml 1926, showing avain that the growing season of 1924 was
more Iavorable JTor the botl weevil,

FECUNDITY

It was defermined, from reeords made during the three years on
female weevils of all hroods in field cages, that the average number of
egers deposiied per female was 81,210 (Table 7.)  During this period
the tolal number of egus deposited per lemale ranged all ihe way
from ) tn 440, The yearly average varied [rom 113.89 cges per lenale
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in 1924 to 63.71 in 1926. First-brood weevils had the greatest aver-
age lecundity, 111.66 eggs, and the Jowest was 33.52 for third-brood
femaeles.

Tanuie 7.—Fecundity of the boll weevil in fleld cuges, Florence, 8. C., 192/, 1925,

and {926

T, | Number of eggs loid

Number of per femauls

Brood Year

Hee- - Aver- | Maxi- | Mini-
ords Eggs age mum | [
[ 13‘;.4 21 ;% B4 440 3
S 1925 W1 27 9. 64 a0l 1
Overwinterad.. .o.o.... 1995 21| Los] BL75| 2 L
1EEa-192G a5 &, 675 L H 440 L
1524 ] 4,778 ) 17081 438 L
Firat 1925 241 2,007 ] B7.38 154 3
e Rt A e 192 My 4895 | B0 a5z 1
124-1520 &1 9208 | 11164 438 1
lﬁ; 20 1, 451 7L 05 a5 1
o T2 15 G4 | 407 137 1
RS T oot e e 135 26 L0 38.un 114 1
1021920 il 4,188 | 5177 55 3
1424 4 =1 ¥0. 25 1 1
T hiird : 1925 i1} 438 1 450 97 k]
""""""""""""""""""""""""" 160 17 330 18, 52 &0 1
T34 1520 31 103w | #3582 110 1
f-;!)".)-i oy T, aI7 | 113.89 441 1
. er it FiosuR| T.0s 301 1
Total oF RVEFAEE . e 1431 wWws g om | 6371 450 L
15%4-1423 248 | o0, 140 | BL2LY 40 1

The variation in average fecundity of the different broods is very
siriking and clearly shows the dependence of this insect upon plant-
[ruiting conditions for its development. The first-brood females
had the highest average fecundity, followed closely by the over-
wintered femnales.  This was due to the fact that most of the weevils
of these two broods had plenty of squares in which to oviposit.
The average fecundity of second-brood females was approximately
one-hall of that of the preceding broods, and this was due largely to
the Tact thut much of the oviposition was in bolls. The influence
of the latter fact is shown even more strikingly in the fecundity of
(he third brood. While early-emerged second-brood [emales had
plenty of squares in which to oviposit, practically all third-hrood
feruales had little else than bolls, and moreover these were older and
muely less Tavorable for egg deposition, as already shown,

The difference in the yearly saverages again shows that 1924 was
the most favorabie season for weevil reproduction. The fecundity
of the boll weevil is not great when compared with that of many
other insects, but this is more than counteracted by the fact that
the eggs are pluced within the square or boll where natural enemies
enn nol et at them easily,

RATE OF EGG DEPOSITION

In the field cages the average daily oviposition per female was
(.42 eggs, and the maximwn 33. This was ascertained from the
reeords of deposition of 20,140 eggs during the 3-vear period.
(Table 8.) The yearly averuge ranged from 7.54 eggs per day in
1925 to 6 in 1926.  The highest daily average rate of egg deposition
was (145 for first-hrood females, and the lowest was 2.47 lor those
of the third breod.
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TapLs B—Average nwmber af eggs laid per day by *he boll weewil in field cages,
Florence, S. (7., 1524, 1935, and 1926

! Weesh ;g1 Average
- Eggsinid | epgs per
| duys duy

+
ANember | Svumber | Number
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The variation in rate of oviposition by females of the different
broods shows, as strikingly es does the varialion in average fecundity,
the extent to which the weevil is dependent upon the fruiting char-
acteristics ol the cotton plant for its development. The highest
darily record of oviposition was by first-brood females, and the second
highest by overwintered females. These weevils not only laid the
most eggs bub deposited these a6 & more rapid rate. The average for
second-brood weevils fell considerably below that of the preceding
broods, while that of the third brood was still lower. The same
explanation helds true for this as for the fecundity, namely, the
presence or fack of a plentiful supply of squares on the plants. As
soon #s the peak of square production has been passed and femules
have to oviposit largely in bolis, their fecundity 15 lowered, and the
rete of epg deposition s retarded, as is shown on page 48.

DEVELOPMENT OF WEEVIL IN COTTON SQUARES

The average developmental period of the bolt weevil inr squares in
the ficld cages for three years 1s shown in Table 9. It ranged from
17.63 days for the second generation to 33.55 days for the feurth.  The
shoriest yearly average development was 17.47 days in 1926, and the
longest, was 19.99 in 1925. For all generations, this period averaged
18.3 duys at an average mean temperature of 80.98° F. and &n average
mean relative humidity of 73.79 per cent. 'These averages werc
determined from 1,661 records,

The shortest average development occurred in the first and seeond
generations under an average mean temperature of about 81° F.
und an average mean relative humidity of 74 per cent. That of the
third generation was 19.78 days, approximately 2 days longer. This
was due Lo the fact that in 1924 this generation averaged 22,49 days
in s development, owing to u lower average mean remperature,
76.46°  The average development of the fourth generation was the
longest because of the low average mean temperaiure, which wus
67.38°.
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Tanse 9-—Developmental period of the boll weevil in squares in field cages,
Florence, 8. C., 1924, 1925, and 1996

Weevil -.';‘-'?rzga! Average | Average
F ey period o maan mean

Generation Yeur | Records days | deveiop- | tempem- | relative
ment ture | humidity

Number | Number | Daga °F, Per ¢ent
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It appears that the eerliest first-brood weevils will not appesr in
any cotton field, regardless of when it is planted, until about the time
or shortly after the first blooms appear. (Sce Table 3.} This concly-
sion is reached by taking into account the following facts: (1} The
minimam developmental period of this generation is 14 days, to which
must be added the minimum preoviposition period of ¢ days for
overwintered weevils, and the 5 days that must elapse between the
inception of the fruiting bud and the time it becomes suitable as
food for the weevils; (2) from 25 to 26 days is the minimum length of
%)ilme (after the inception of the fruiting %ud)iﬂ which a square will

0om.

DEVELOFMENT OF WEEVIL IN COTTON BOLLS

The developmental period is greatly lengthened in bolls as compared
with thal in squares. ln young bolls it 1s shorter than in old ones,
Dusing the 3-year period it ranged from 17 to 94 deys, averaging 32.31
frony 310 records.

The averasge developmental period in bolls of approximately 32
days, when compared with the length of time it $akes & boll to open
(which is =bout 40 days for early bolls}, indicates that at, or shortly
prior to, the opening of the first cotion in & field the weevils will
begin to emerge from the bolls in that field. When an infested boll
opens, most ol the weevils developed in it are mature and ready to
emerge or have slready issued. Cases have been noted, however, in
which weeviis were still in the larval or pupsal stage when the boll
opened and were thus expesed to natural enemies, On the other hand,
when a weevil matures hefore the holl opens, it is often able to cut
its way out. Dead weevils have also been observed in bolls which
had hardened rnd never opened, showing that they had died without
being able to get out,
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EFFECTS OF TEMPERATURE AND HUMIDITY UPON WEEVIL
DEVELOPMENT

During three years it was found that the period of development
in squares under feld conditions ranged from ¢ to 60 days. Most of
the records ranged from 13 to 23 days, the periods recurring with
groatest frequency being those from 15 1o 20 days. Individual records
of 16 days were more numerous than those of any other peried.
(Fig. 32.) When the weevil went through its transformations in
from 9 to 22 days, the average meen temperature for development

ranged from 80.22° to 84.14° F. In general, with a decrease in the
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mean temperature, there was a lengthening of the developmental
period.  Flowever, there was a considerable range in the length of
the period of development st the same mean temperature, showing
that theve was & variation dependent upon some other [actor. Mean
relative humidity between 68 and 77 per cent apparently played a
smafl part in the length of the period of weevil development.

LIFE CYCLE IN THE INSECTARY

The life cycle of the boll weevil in the insectary was detexmined
by placing pairs of adults in glass tumblers, in the bottom of which
dumpened sphagnum moss was kept. Sueh weevils were under
daily observation during three seasons and were provided at all
times with freshiy picked squares.
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LCNGEYITY

The average longevity of the boll weevil under these conditions
for threc years is shown in Table 10. For 380 males the average
was 64.39 days, apd the maxinmum, including hibernation, was 250;
for 386 females the average was 57.79 days, and the maximum 140.
The vearly average for males ranged frem 70.54 davs in 1924 to
59.17 in 1925; and for femasales from 63.33 days in 1926 to 40.88 in
1025,  First-brood males lived for the longest time, the average
being 73.21 days, whereas second-brood females had the greatest
longevity, averaging 65.16 days. The shortest length of life was
found for fourth-brood weevils, the nverage being 26.43 days for
muales and 16.73 for females.

Tauee 10— Longevity of the bell weesil in tumblers in the inseclary, F lorenee, S. (',
1924, 1825 and 1298 .

Bl nles Females

Muher ol days Nusther of days

Nutnber af— Mrumber of—

‘Hrang Year longavity lemgeviey

flee- Woeviih Aver- | Maxi- |Minid Reo- | Weovit] Aver- | dngi- (Mini-
ords  days nge  fumen ) erds | odays npe | e |
———— 1 : e
o 1 248 | ws. 58 (6 sl M| Loat{ ol i o7
T 4o v | L] asda| e 2 42| nawm! owman] Tou [
Overwlatered. .. 1 1 W5 L unen e wl 2l sl eleel ws i
Ala2-tuml do | 3| o1z s 3] o8| za86| so.07 13 I
I Haes o3| Goe| esop | mma|  a] s7) gode| saer| i+ 2
P | K : ; 2o L8| 4295 | bk 4
IR e e % W3] LIS s | pad ]
A vtpzg= vy | am | e ) ooaaa] et i
o of "mn| zosz| wews ] epr 2
Soctnd ) ot gl el ourgl e
RO g o osaf oserri osLef st h
g o et 1| g 15| w56 107-F P
TR Wl o1 e | essa| e 5
Third )i TP 24| 270 | sz | F5 3
AR RN B 15T s 11 G| 47.82 w4 17
Lrozp-1aey G| 47| o587 meot ) e 2
oy 9 8 v G .=m+i 13
. Hig .
L A ¥ a R EATY T 2
R |2 o a8 | oinvs | sut 2
13 116 3] 7054 2:4:+! 2! ] orar| enas Iii{;i 2
N I 145 o S0 IT [ i 20 gawl Tows | s | M o
Fomdoraversged Sgan 1oy wwm o monip am 0 2 12 by rem| 6| 104 5
Liozi- | 60 2'i.-m?| L | 250 i 2‘ ass [z dur | s | pod 2

]

With the exception of the overwintered brood (of which one male
ved long encugh to be placed in hibernation the following fell in
1924), » large proportion of the weevils kept in tumblers were alive
at the end of the season.  This nceounts for the diff erence in the aveér-
age longevity of the different broods, with the exception of the over-
wintered brood, the late-emerging weevils having & shorter time to
five before frost. All weevils alive at the end of the season were
placed in hibernation to see i any would survive until the next year.
I'n 1924 each pair of weevils was placed in Spanish moss in & cylinder
of wire.  These eylinders were ull buried in'a heap of pine straw? in
# cnge loented in the woods.  The fellowing April the cage was exam-
teed and fwo males of the fourth brood woepe found alive. These

UPhi% s connpen mad very npl ter used io the South fur abloa pins legves,
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were fed on cotton leaves but died in a few days. The next two yenrs
the weevils were placed in hibernation cages directly in the pine
straw when the first killing {rost oceurred. None survived the
winter.

PREOVIPOSITION PERIOD

The preoviposition period in the insectary is shown in Table 11.
The average wos 8.24 days, with & maximum of 42 and a minimum
of 1. This was determined from 327 females during the three years.
The yearly average ranged from $.86 days in 1924 to 5.81 in 1926.
The longest average preoviposition period was 13 days for third-breod
fernales and the shortest was 6.4 days for those of the fiest brood.

TanLy 11.—Prepviposition perind of the boll weeril in tumblers in the inseclary,
ilorence, 8. £, 1084, 1828, and 1846
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Unlike weevils in the field cages, those in the fumblers were pro-
vided at all times with squares. Thus the variation in the pre-
oviposition period of the dilferent broads in the insectary was not
due fo any influence that the [ruiting charseterislics of the cotton
plant might have. The preoviposition period of the overwintered
brood was considerably longer than that of either the first or second
hrood, owing to the fact that these weevils were provided with very
small squares af first until Jurger ones were available. Asin the case
of the first and second broods in field cages, the average preoviposition
period was much shorter for these two broods thar for the others
and there was buf fittle difference between the two. It is difficult to
explain the grestly lengthened preoviposition period of the third-
brood {emales in 1924 and 1925, as compared with that of the other
hroods or even the same brood for 1926, It was noticed, however,
thut in both 1924 amcl 1925 the third-brood tumbler serics was started
in late August. In 1026 this serles wus started carlier in August and
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the prooviposition period was shorter. That year two tumblers were
started in Jate August and in these the preoviposition pertod was
greatly lengthened. Since these weevils had plenty of squares and
since the weather was favorable, the only explanation seems to be
that there is a tendency for weevils issuing in late August to have a
tonger preoviposition period than those emerging earlier. The
average riven for fourth-brood weevils is based on too few records to
be significunt, .
OVIPOSITION PERIOD

In the insectary the fomules had an average oviposition period of
52.6 days and a maximum of 124. This was determined for 328
females during a period of three years. (Tablo 12.} The yearly
average ranged from 59.2 days in 1926 to 42.42 in 1925. The longest
nverage oviposition period was 61.11 days for first-brood females and
the shortest was 6.08 for those of the fourth brood.

Vasry 12.—~vi position period of the boll weevil 4n Lumblers in the insectary,
Florence, 8. C., 1924, 1925, und 1928
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With the exception of the overwintored females, the difference in
the length of the average oviposition period was due to the difference
in the length of time the weevils lived. The later broods had a shorter
oviposition period simply because they issued later and the time
between emergence and killing frost was shorter. The unfavorable
eflcet of the hot weather of 1925 is reflected in the shorter oviposition
period of females in tumblers for that year,
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FECUNDITY

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

TasLe 13.~—Fecundity of the boll weeril in tumblers in the inseclary, Florenee,
S.C., 19284, 1925, and 1526
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The fecundity of the overwintered weevils was greater on an average
than that of the other broeds. This was partly because this was the
only brood that completed oviposition in the tumblers, oviposition by
the later broods being cut short by death of the females.

RATE OF EGG DEPOSITION

An average of 2.3 eggs per day was deposited by female weevils in
tumblers in the insectary. This was determined during a 3-year
period from the records of deposition of 39,£71 eggs. (Table 14.)
The yearly average ranged from 2.68 in 1924 to 2.02 in 1925. The
highest daily nverage was 4.24 for overwintered females, and the low-
cst was 0.81 for those of the fourth brood.

1t will be noted that the daily rate of ege deposition decreased with
cuch brood. This was due primarily to the effect of temperature, as
is indicated by the daily records. The cooler the season, the later the
weevils emerged, and this tended to reduce the aversge rate of ovi-
position per duy.
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Tapre 14t —Average number of eggs laid per day by the boll weevil in tumblers in
the insectary, Florence, 8. C., 1924, 1985, and 1926
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LIFE CYCLE IN PICKED SQUARES .

The developmental period of the weevil in picked squares in the
insectary averaged 14.42 days in 1925, with & maximum of 27 and a
minimum of 11. This was determined from 486 records.

OVIPOSITION BY THE BOLL WEEYIL IN LANTERN-GLOBE CAGES

In 1926, pairs of weevils were kept in cages made by placing an 8-
inch luntern globe over o tin plate filled with moist send, in which
sprigs bearing cotton squares were placed. While the number of
weevils under observation was small, the average rate of oviposition
per day was 7.43, which was considerably higher than for weevils in
the tumblers and was about the sume as for those in field cages at that
time. The most striling result was that one individusl deposited 531
eggs and another 631, showing that the maximum fecundity of the
weevil is much higher than indicated by the records made in other
types of cages—nuamely 423 eggs in the tumblers and 440 in the field
cuges.

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

A comparison of the life cycles of boll weevils in field cages und in
tumblers in the insectary, as presented in Teble 15, shows that this
insect reacted differently in the two kinds of cages. The length of
life of the adult, the oviposition period, and the preoviposition period
were shorter in the field cages than in the insectary. The total
auanber of eggs Iaid by & weevil was greater in the tumblers, but the
number of eggzs laid per day was greater in the field cages. The weevil
also pussed through its metamorphoses in 3.88 days less time in the
insectary thanin the field. In the latter case the cause for the differ-
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ence was revenled by ecomparing the development of weevils in picked
infested squares kept in breeding cages in the insectary, in fallen
infested squares left on the ground in specially built “square cages,”
and in falien infested squares placed in cages in the insectary. There
was no dillerence in the development under the last two conditions,
showing that older Iarvae and also pupae developed the same, whether
in fallen squares in field eages or in the insectary. The difference,
thierelore, was in the incubation period of the egg and the development
of the young Inrva belore the squure fell.  I[ the Iatter was picked
shortly after oviposition, there were no normal plant activities being
carried on, growth stopped, the anthers wilted, and decay set in.
When the voung larve lintehed, it found only partly wilted and
decuyed pollen Tur Teod instead of the fresh anthers in the square on
ihe plang.
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The recorded average feeundity was greater tn 1he inseefary beeause
fewer weevils were lost, there was less mortality due to natural enemies
which could not always be excluded [rom the field eages, and, more-
over, there was a higher natural mortality in the latter due to eage
vonditions,  Mnough complete records were seeured in the field enges
to prove (hat the (otal Tecundity was the same in these as in the
tinblers, provided the femnle lived for what appeared (o be her nalural
tenethi of fife,
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The field cage, while admittedly not representative of field condi-
tions, yet approximated these more closely than the tumbler. In
the field cage the female rarely laid more than one egg to a square
ucless she had exhausted the supply of uninfested forms and the
cage was not changed. In the tumblers many eggs were laid in a
single square and often none in others in the same glass. In the
field cage the weevil found the fruit of the cotton plant in its normal
condition and was exposed to sbout the same conditions as regards
sunlight, rainfall, temperature, and humidity as in the open feld.
In the tumbler there was never any direct sunlight, and the air was
nlwiys moist, owing to the dampened sphagnum moss kept in the
hottom of the glyss.

INFLUENCE OF FOOD ON THE BIOLOGY OF THE
WEEVIL :

The results of & comparison of the reactions of the weevil when fed
only on bolls with those when fed only on squares are shown in Table
6. These records are based on a study of the first-brood weevils, the
two series being run at the same time in the insectary for two years.
The compurisons of development are for all generations under feld
conditions.  ¥Except for weevil development, small partly grown
bolls were used in this experiment when possible. As soon as older
bolls were used, the weevils stopped egg deposition, and many died.

Tanie W Effert of nnture of food on longevity and oviposition of the boll weevil
tn fwmblers in the inscctary, Florence, S, (., 1525 und 19286
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There was considerable difference in the longevity of the two
sexes in the two series of cages, the males fed on squares living longer
than the females fed on squares, and the reverse being true when bolls
were fed.  The weevils were all longer lived when squares were used
for food than when bolls were used. The preoviposition period was
somewhat longer and the oviposition period much shorter when the
females were forced to feed upon bolls rather than squares, The
greatest differonce was found in the fecundity, which was much lower
for boli-fed females than for those fed on squares, Not only were
fewer eggs Juid, but the daily rate of oviposition was lower. The
above-described experiment was not representative of field conditions,
o far as the biology of the adult weevils waus eoncerned, because some
squares were always present on the plants upon which the adults
could feed. 1t did show, however, that an ahundant supply of squares
was necessary for the shortest period of development and grestest
aetivity of the weevil.
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COMPARATIVE BIOLOGY OF FALL-MATED AND
SPRING-MATED WEEVILS

In 1925, 12 femsles were placed in tumblers immediately alter
emergence from the hibhernation cages and kept isolated from males.
The fenales selected for this experiment were Lhose taken from cages
[rom which no males hiad emerged on that day. Two of these were
mated July 14, The other 10 were not mated, but inasmuch as all
of them deposited fertile eges from which normal adults developed,
it scems evident that fertilization toek place prior to the beginning
of hibernation the previous fall. Itis also possible that the two [emales
patred with males were fertilized in the {all before going into hiberna-
lion. A eompurison of the biology of the females under the two sels
of conditions is shown in Table 17. Of the 110 adults reared, 64 were
males and 40 fomales. The average preoviposition period was shorter
for femules witheut males than for these paired, fewer eggs were
deposited, and these over a longer period of time; and in addition the
nverage rate of egg deposition per day was lower. The average lon-
gevity of the spring-mated females was much shorter than of those
paired only in the fall.  This experiment shows that the {emale
weevil may be mated in the full and deposit fertile eges the following
spring without additionsl contact with any male weevil. Tt is thus
possible for one Temale boll weevil to start an infestation in the spring
i 4 field of cotton.

Tanuie 17.—Comporative longeviiy and oviposition of frmuales of the ball weewl
mated Ln full end of those maled 1o both full and spring, Morence, 8. C., 1525
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DISPERSAL

The migration or dispersal of the boll weevil hes been studied by
means of sereen traps set up in or near cotton fields. (Fig. 33.) The
details ol construction ol these sereens and the method of their
exemination have been described in a previcus paper.'

In each lield where a sereen trap was Iocat‘.ec{, weekly examinations
wore mude in small plots 6o serve as a basis for estimating the number
ol weevils present.  Infestation counts were made and the numbeor of
stpuires on the plants noted.  The weevil counts were made to deter-
mine the effect of weevil population on flight, and the infestation
recorls were made to determine the effect of relative abundance or
lack of food and breeding places.  The direction of the wind was
ohserved in order Lo ascertain its inflluence on weevil dispersal.  Life-

0 FENToN, FoA, ool Dusyas, B W DIEPERYAL OF THE COTTON-ROLL WEEYIL, ANTUONOMUS GRANDIS
ool Jour, Apr. Heseareds M6 L3514, Sk, ik,
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history notes provided data as to whether or not the migration was
correlated with the biology of the weevil. These migration screens
were usuelly set up in June or July and watehed until frost. The
records obtained from the screens were checked by observations made
in the trap crops, which had been freed of weevils early in the year, so
any infestation In them was due to migratory weevils. A weekly
infestation and weevil count in these plots therefore gave an index to
the time when the weevils were flying about.

DAILY WEEVIL FLIGHTS IN 1924, 1925, AND 1926

The daily eatch of weevils on the screen traps for the thres years,
1924, 1923, and 1926, is shown in Figure 34. In 1924 only one trap

Fisrueg 33.—8creen trap wsed In boll-weevil-dispersion stodiey

was under observation. This was located in the center of the field
where life-history studies were being conducted. The field was
lightly infested carly in the season but became very heavily infested
later.  The sereen was set up July 29, the first weevil was captured on
it August 7, and two were caught August 18. The main migration,
however, did not start until August 24. The following day was much
cooler than normal [or this time of year, a maximum temperature of
83° I". heing recorded as compared with & maximum of 88° the day
belore and 95° the day following. This temporarily checked the
flight for 24 hours, as ne weevils were eaught on this date.  On August
26, 17 weevils were captured on the sereen. The greatest number
were teken from August 26 to September 3. Days on which unusually
Inrge catehes wore recorded were August 26, 27, and 30; yet compara-
lively lurge numbers were caught at dilferent dates alter these until
the st record, November 14,
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Dispersion wag studied in 1925 by means of 8 screen traps, 6 of
which were sitluated within colton flelds, and 2 outside and at same
distance from any field of this crop.  Migration began at least as early
ns July 17 this year, owing f{o an unusually heavy infestation, but
ended earlier, the last weevil being taken from the trap October 21.
The heaviest flights came from July 18 to September 5, but, as shown
in Figure 34, considersble numbers were taken alter this time. The
dates on which the greatest numbers were removed from the screen
in 1925 were July 24 and 28 and August 6 and 7.

In 10926 there were 13 sereen traps under observation, 10 of which
were located within cotton fields and 3 outside. The weevil infesta-
tion was light this year, and in spite of the fact that more sereen
traps were under operation than in 1925, fewer weevils were caught;
also the main Nlight movement started later.  In 1926 the screens were

Ad
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Fiare 3 Inaly emtel of ball woey s on sereen traps, Florenee, 3, 0L, 1934, 1075, aud 1926

sel up late in June, at least three weeks carlier than in 1925, The
first weevil was captured July 7 and the last October 20.  (Fig. 34.)
The heaviest flight movement came from August 28 to September 29.

During the three years the actual size of the screen trap was the
same, so the average onteh per trap gives a fair comparison of the
extent of the migratory (light movement during this period. In
1024, 199 weevils were eaptured in one sereen trap, but this was
located in an unusually heavily infested field. In 1925, 875 were
removed from the 6 traps in cotion fields, an average of 145.8 woeevils
per sereen. In 1926, 445 weevils were captured on the 10 traps
located in cotton ficlds, the average per screen being 44.5. These
figures indlieate that the weovil dispersal was considerably lighter in
1626 than in 1024 and 1925,

In both 1925 and 1926 there were sereen traps loeated outside of
cotton fields.  Weevil dispersal was so heavy in 1925 that it was
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possible to trap weevils on these, showing that the ilight movement
was taking them from (ield to field. As would be expected, smaller
numbers were caugiit on these traps than on those located in cotton
fields. Tn 1926 very few weevils were caught on traps outside of
colton fields. In that yesr one screen was located on the roof of a
2-story buiiding, 30 feet in the air. . One weevil was caught on this
trap, which shows that weevils may fly at least 30 feet high,

TIME OF DAY OF FLIGHT

Collections were made from the screen traps twice daily in 1924
and 1925 to dotermine when most of the weevils were in flight. In
July wnd August, 1924, 41 were caught in the morning and 9 in the
wlternoon; in beptembm, 25 in the morning and 22 in the afternoon;
in ()(,Lobcl 9 in the morning and 43 in the afternoon. Soventy-five
wero (fmcrht. in the morning, 74 in the afternoon, and for 50 no data
are nvailable with respect to time of day.

In 1925 more weevils were in flight in the morning than in the after-
roon up Lo September 15.  After this time a few more were caught
on the traps during the afternoon. Four hundred and ninety were
carughl in the morning, 367 in the aftermoon, and no records were
obtained for 55. For the two-year period, 565 were caught in the
mormng, 441 in the afternoon, and no records were made for 105.

INFLUENCE OF WIND ON FLIGHT

In 1925 amd 1920 records were made of the side of the screen from
which the weevils were taken and of the direction of the wind in the
morning and alterncon. A total of 1,359 weevils were caught on
the screen traps during this period.  No records were available for the
sides of thescreen from which 83 were tuken. A total of 37.46 per cent
of the weevils were cuught on the windward side of the traps. (Table
18.} The percentage of weevils taken from the windward side from
duy to day ranged from 22.22 per cent when the wind was from the
south to 57.35 per cent when it was from the southeast. Tt is therefore
Ep[;:u'ent, that moderute winds do not mnfluence direction of weevil

1zht.

Lanng 18— Relution af direction of wind to dispersul of the boll weevil, Fiorenf;e,
SO, 1925 and 1926
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PROPORTION OF SEXES TRAPPED ON SCREENS

During the three years that the dispersal was being studied, 1,589
weevils were removed from the screen traps; 2885 of these, or 56.77
per cent, were males; 645, or 41.37 per cent, were females; and 23,
or 1.86 per cent, were not classified as (o sex.

ECOLOGICAL FACTORS INFLUENCING DISPERSAL
PHYSICALIFACTORS

In an attempt to determine the cause of weevil dispersal by flight,
the physical factors of temperature, humidity, and rainfall were
studied.

TEMPERATURE

In a previous paper!* the fact was pointed out that during 1924 and
1925 temperature influenced weevil dispersal, but only after it had
started. An additional year's records have strengthened the con-
clusions repched in that paper, namely, that the curve of weevil
flicht activities did not correspond to that of temperature. The
eocllicient of correlation between maximum temperature and weevil
Might in 1924 was +0.3533 4:0.08752; in 1925 it was+ 0.436 +0.088836;
and in 1926 it was+0,169434+0.09430.%* This indicated that there
was some correlalion hetween maximum temperature and dispersal,
but that it was not marked, especially in 1926. The effects of mini-
mum and mean temperatures also have been studied, but the results
indicate that the effect of maximum temperature was the most
important. Dispersal was checked by unusually cold days.

MOISTURE

During 1924 and 1925 there was an apparent negative correlation
netween mean relative humidity and dispersal, but this did not
hold true in 1926, Heavy rains coming during the day prevented
weevi) flight.

BIOTIC FACTORS

The possible effect of weevil population, infestation, and square
produciion during 1925 and 1926 on weevil dispersal is discussed in
the parsgraphs that follow.

SQUAHKE PRODUCTION

The cotton plants started setting squares late in May, 1925, and
early i June, 1926, From these dates up to July 13, 1925, and July
15, 1926, there was a very rapid increase in the number set from week
1o week. This was followed in 1925 by an cqually rapid decrease in
the number of squares borne by the plants until August 12, and after
this a continued but more gradual decline until the lowest count was
revorded, on September 8. The peak of square production in 1926
was reached July 24, and after July 29 square shedding was not so
repid as in 1925, In 1926 the low point in square production was
reached September 16. During both years, after the low square
count recorded in September, ithere was a slight but noticesble in-
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cresse in the number of squares produced by the plants. In 1925
there was a gradual decrease in fruiting again after October 8 until
the end of the senson, with the exception of November 3, when a
small inerease was recorded. In 1926 the trend for this period was
for the square production to increase, except lor the average of one
weel’s records on October 14, The chief differences for the two years
were that there was an average ol more squares produced by the
plunts in 1925 than in 1926 and that the square shedding was
more rapid during the former year than during the latter. Otherwise
there was very little difference in the fruiting of the cofton plants
during the two years. The weekly catch of boll weevils on the
screens, however, showed that the dispersal came at a different period
during the two seusons, so these two factors were not elosely correlated.

BOLL-WEEVIL POPULATION

fn 1925 there was a very rapid increase in the weevil population
in all eotton fields during July, a high peak being reached July 27.
After this the number was {ess and there were weekly fluctuations.
A second high peak was recorded August 31, On the other hand, in
1926 there were comparatively lew weevils present in the fields
until late August, the grentest number being recorded September 6.
There were nol only fewer weevils present in the fields in 1926 than
in 1925, but the majority of them were developed much later. [n
1925 the weevils multiplied enrly when plenty of squares were on
the plants for reproduction. In 1926 the cofton plants werce able
to sel a full erop of squares, which hloomed and set bolls before
weevils beenme numerous.  No correlation was noted between the
number of weevils in the fields and the period of their dispersal.

PERCENTANE OF INFEATATION QF COTTUX BY TUE BOLL WEEYVIL

In 1925 there was o moderately high infestation of 13.7 per cent
on June 18, when the {irst counts were made.® This increased
shghtly to an avernge of 14.8 per cent on June 22, and from this date
to July 7 there was s very slight decrense, the percentage of infesta-
tton (ulling to 11.2 on ihe Intter ate.  From then on it increased
at o very rapid rale until it averaged 543 on August 3. In 1826
the inlestation was very low up to August 12, averaging loss than
10 per cent prior to this dnte.  On August 12 it was 13.52 per cent,
and incrensed very eapidly afier this until percentages of 66.34 and
(5.75 were recorded on September 2 and 9, respectively,  After the
Intter dates the percentage of infestation was less and showed eon-
siderable weekly flueluation.  While dala on percentage ol infesta-
ton were not (nken after August 3, 1925, vet it is possible to compare
the two curves up to this point. In 1925 the inlestation was high
early, and before the coblon plants began to shed many squares,
In 1926 il was high after the plants had shed most ol the squaces.
In the former year It was due to a large weevil popuilation which was
produred early, but in the Jatier year a much smaller weevil popula-
tion did not eause = high infestation until the number of squares
borng by the plants was comparntively small,

There was 2 very evident relation between weevil flight and per-
cenlage ol infestation in both vears. [n 1925 the heaviest dispersal
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came early, as a result of a high infestation directly after the peak in
square production had been reached by the cobton plants. This
was caused by large numbers of weevils present in the field at’ this
time. In 1926 dispersal came late but was brought about by the
same cguse &s in 1925, namely, & high degree of infestation, which
in this year developed only when the number of squares borne by
the plants became so {ew that the smalier number of weevils present
could produce it. It was thus evident that the dispersal or migra-
tion of the boll weevil was dependent upon the percentage of infesta-
tion, or, in other words, upon the weevil population in relation to the
number of squares borne by the plants.

DISPERSAL AS DETERMINED BY TRAP-CROP RECORDS

Infestation counts were made in all trap crops for the two yoers
Lo check up on weevil-dispersal data as obtained by the screen traps.
In 1925 there was no infestation in the trap crop July 6. July 13
an average infestation of 2 per cent was recorded, and this must
have been produced by migratory weevils, since all overwintered
weevils entering this plot had been removed from the plants. July
16 the infestation had dropped to 0.61 per cent, and this increased
to 2.83 per cent July 24, and again to 5.7 per cent July 29. 'Three
days later, August 1, it had further increased to 20 per cent, showing
that & comparatively large number of wecvils were coming into the
lield. The last record was made August 5, when the infestation
averpged 62.66 per cent.

In 1926 one plot was located at a considerable distance from any
other cotton, and in this the only infestation found during the period
of the examination from July 14 to August 27 was 4 per cent August
19.  In the other plot the first infestation was 0.17 per cent July 22,
no infestation was found July 31, and 0.17 per cent was recorded
again August 6. This Incressed to 1.67 per cent by August 12, to
36.67 per cent August 19, and to 48 per cent Augush 27, the last date
of examination.

The trap-crop records corresponded very closely with migration-
sereen dete during the two yeers and indicated that weevils were
flying from field to ficld at least ns early as July 13, 1925, and July

22, 1026. _
HIBERNATION

The various Iacts about hibernation were determined b caging
large numbers of weevils under different conditions s ({escribed
below. The weevils were collected from cotton fields in the fall by
the operator going down the rows of plants and vigorously shaking
their tops into a large, heavy canvas bag. After being removed from
the bag, the weevils were kept temporarily in shell vials. Af the
close of the day they were counted, then released in hibernstion
cages or transferred to battery jars or lantern-globe cagos in the insec-
tary, where they were fed on cotton squares until needed. Ususlly
they were installed in the hibernation csges within a few days after
they were collected in the fields. A definite number were reloased in
cuch cage over & tin plate. Any that were dead or too sluggish to
bave left the plate by the following morning were removed and re-
placed by vigoreus individuals. The cages were of a_standard type
specified by Lhe Delta lsboratory, Tellulah, La., being 4 feet square.
{Kig. 35, A.) .
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FrUik 35 A, euges used io biberoation swedies; 8, hibernation sages loested ot pine grove
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In order to determine the effect of date of installation on survival,
hibernation tests were begun at weekly intervals from September to
November, 500 weevils to a eage, when possible, being used. Pine
straw and a piece of an old log were used for shelter during the winter
of 1925-26, nnd o combination of pine straw and cotton stalks for the
two previous winters.  To ascertain the comparative effect of differ-
eat shelters, one or more installations were made each year, not niore
Lhan 500 weevils being placed to a cage, and such materials us cotton
stulks, pine straw, cornstalks, Spanish moss, oat straw, and suwdust
being used for shelter.  Jor comparison in each series, weevils wore
released in one o0: nore cages with no protection. A series of cages
was located in pine woods near the laboratory during the seasons of
112425 and 1925-26 to determine the effect of outdeor environment
un the suevival, (P, 35, B.)

In the spring, ususlly begining March 1, daily observations were
mude ) determine weevil emergence in the cages. Temperature
was delermined [or cages in the field and woods by either a self-
recording thermograph or maximum and minimum thermometers,
It wns possible 1o escertain whether or not early-cimerged weevils
would rehibernate by watching for the reappearence of marked adults
in the hibernation eages.

The time of appeurance of overwintered weevils in cotton fields
was delermined by daily observations in small isolated patches of
colton.  These were planted carly in April where heavily infested
cotton had been the, year before, but near which no cotton would
be plunted that particular season. As soon as the plants came up,
they were examined daily and all weevils seen were collected. These
little plots were cultivated and otherwise treated in the same way
that a lerge field of cotton would have been.

SURVIVAL OF HIBERNATED WEEVILS

The comparative survival of weevils from hibernation from the
fall of 1922 to the spring of 1926 is shown in Table 19. It was highest
in the sensons of 1922-23 and 1924-23, with percentages of survival
of 11.05 and 6.5, respectively; and lowest in the sessons of 1923-24
and 1925-26, with 0.35 and 0.82 per cent surviving, respectively.
The avernge for the 4-year period was 3.27 per cent.

Tavve 19.—Surrival of overwintered boll weevils in cage tests af Mlorence, 8. €,
spreng of 1823, 1924, 1923, and 1926
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COMPARATIVE SURVIVAL IN FIELD AND IN WOODS CAGES
Tn 1925 the survival was 10,98 per cont in cages located in the woods
and 751 per cent in those in the feld; in 1926 1t was 0.43 per cent in
the woods cages and 1.2 per cent i the field ¢ages. For the 2-year
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period the percentage of survival in wouds cages was 4.31 and in feld
cages 3.17. Femperature records taken in cages in the two situations
in 1926 show that the avernge mean tempersture from March 24
to July 1, inclusive, in the woods cazes was 3.6° below that of those
in the field. (Table 26.) The chief difference wasin the a Verage max-
imuun for the period, which in the woods eages wis 5.72° below that of
those in the ficld. The avernge minimum for the period in the woods
cages was 1.57° below that in the field cages. The smallest diflerence
In temperature in the two situations was noted during March.

TanLy 20.—Comparetive lemperalures for field and for woods hibernation coges,
dorenee, S. O, 1026
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Flempernlure of wouds eages nhove that of fleld cages.
LFFECT OF DATE QF INSTALLATION IN HIBERNATION CAGES ON SURVIVAL

The results ol experiments to determine the eflect of daie of instal-
lation in hibernation cages on survival are summarized in Table 21.
In this (sbulation the records of survival of weevils in the cages
located in the woods during the seasons of 1924-25 and 1925-26 are
also included. A total of 15,661 weevils were used in this experi-
ment during the four years. The later the weevils were installed
in hibernation cages, the greater was the percentage of survival;
15.8 per cent survived when introduced into cages November 23,
as contrasted with no survival when installed September 4 to 11.

Tanng 21 Survival of the botl weevil in all hibernution cages, acenrding lo dule of
installation, Floreace, S, €., fell of 1952 to spring of 1926
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To compure the offect of date of installation upon percentage of
survival, in cages in the woods ane eages in the field, the data obtgined
Tor two hibernation seasons, 1924-25 and 1925-26, are shown in
Table 22, The figures for ficld survival include only those lor cages
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with pine-straw shelter, since the samne material was used in the cages
in the woods. In the field cages the lowest percentage of survival
was §.1 per cent for weevils installed September 17 to 24. The
survival was 7.1t per cont for the installations of November 5 to 14.
In the cages Jocated in the woods, the greatest number survived in
the installations of October 22 to 3%, namely, 6.47 per cent; and
survival was lowest lor weevils eaged September 17 to 24, namely,
2.13 per eent. A gresfer percentage of weevils survived in the woods
then in the ficld for the corresponding dates of instaliation, except
for November 5 to 14, when the survival in the ficld cuges was the
greater,

TanLe 22, Comparison of survival af the boll weesil wecording Us dute of {nstallution
in fnbernation cayes Ta field and in wools, Floreace, 8. (', fall of 1824 to spring
of 1026
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[t is evident from the date in Table 22 that it is possible for a few
weevils Lo survive (ke winter when placed in hibernation as carly as
the middie of September, but that the chances for survivel increase
as the date of installation approaches the date for the first killing
f“)hl. PERUENTACE OF SURVIVAL ACCORDING 10 TYPE OF SHELTER

The effect of the kind of winter shelter upon survival is shown in
Table 24, During the four years that this experinent was conducted,
30,737 weevils were used,  The highest survival was 5.64 per cent
when the shelter was piled cotton stalks.  The lowest was in cages
for which no prolective shelter was provided, where it nveraged 0.43
Per eent.

Tanps 23, Sureival of the boll weesll wecarding lo type of shelter, Florence, 8. (.,
spring of 10230, 18.25, 1925, and 1026
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Since weevils can pass the winter successfully in & matting of
pine necdles, it is evident that pine woods are unportant overwintering
places. Wooded areas where pine trees are present are common, and
often cotton fields adjoin these or are partly surrounded by them.
Spanish moss is found only in the most favorable localities, as this
section is near the northern limit of its distribution. These favorable
situations are usually swampy arcas or places near the larger rivers.
Cotton fields are rarely situated near extensive arcas of Spanish noss,
and the clumps of moss near such fields sre too thin to offer much
protection.  The survival in sawdust and oat straw was compara-
tively low, indicating that these materials offer poor protection. In
the scason of 1923-24 no weevils survived in open cages without
protection, but in the 1924-25 season there was a survival of 0.74
per cent, and in the 1925-26 season, when severe [reezes oecurred,
1 per cont survived. It is thus possible for weevils to survive under
the most adverse conditions. The true significance of these various
shelters as possible sourees of spring infesiation is brought out later
m the discussion of rate of emergence from various shelfers.

EMERGENCE FROM HIBERNATION

The comparative rate of emergence in hibernation cages in  the
vears 1923 to 1026, inclusive, from March to July, is shown by months
in Table 24. There was considerable variation for the same month
in different years. The lowest emergence recorded fcr March was
4.9 per cent in 1928, and the highest was 27.65 per cent in 1025,
the totel emergence being used as a basis. The emergence in April
ranged from 33.48 per cent in 1923 to 53.92 per cent in 1926; in May
from 20.52 per cent in 1925 to 51.81 per cent in 1923 ; in June from 5.66
per cent in 1923 to 16 per cent in 1924; and in July, 1925, an emergence
of 0.16 per cent wus recorded. The averages [or the 4-year period
show that the greatest emergence from hibernation came during the
months of April and May.

Tavre H.—Nwwmber and perceriage of surviving boll weevils emerging in cages, by
months, ab Florence, S, C., 1823, 1524, 1825, and 1820

March Al May Juue Tuly
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RELATION BETWEEN EMERCGENCE OF WEEVILS DEVELOPMENT OF THE
COTTON PLANT
The percentages of etmergence in all field eages concurrent with
certain stages in the development of the cotion plant are shown in
Table 25, From 21.26 per cent (in 1923) to 58.82 per cent {in 1920)
ol the surviving weevils had emerged when cotton was first up.  The
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percentage of emergence at the date of first square formation ranged
from 90.02 per cent in 1925 to 99.1 per cent in 1923. Emergence
after cotton started fruiting varied from 0.9 per cent m 1923 to 9.98
per cent in 1925, :

TaBLe 25.—Percentage of emergence of averwintered Doll 1weevils in cages before and
dafter development of first synures on callon, Florence, 8. C., 1928, 1924, 1825, and
2y

Percentage of weevll atnergence
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COMPARISON OF RATE OF EMERGENCE IN FIELD AND IN wWOODS CAGES

Tn 1925 weevils emerged [aster in field cages than in those located
in the woods, but the reverse was true in 1926.  (Table 26.) The
differenee in the rate of emergence of weevils in the Lwo situations was
quite marked in 1925, when there was a heavy survival. That year
cmergence ended on June 17 in the field, but not until July 1 in the
woods.  In 1926 emergence in the woods was completed May 24 and
in the field June 22.

TanLe 26.-—'omparative rute of emergence of overwintered boll weevils in fleld and
woods cages, Florence, 8. (., 1925 and 1926

16235 1
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Field Woods Fleli Woads
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RATE OF EMERGENCE ACCORDING TO TYFE OF SHELTER

There was a definite relationship between the rate of emergence
and the type of shelter. The data on this are summarized in Table
27, by semimonthly periods, for 1924, 1925, and 1926, Weevils re-
mained in hibernation jonger in shellers of pine straw and cornstalks
than in the other materials tested, whereas with sawdust, or with no
protection other than the cage, the emergence was completed early.
The rate of emergence from Spanish moss was also comparatively
slow. The dates of last emergence in the different cages for the 3-year
period were as follows: Sawdust, May 11; no shelter, May 29;
Spanish moss, June 3; cotton stalks, June 6; oat straw, June 9; corn-
slalks, June 16; and pine siraw, June 17,
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Tanne 27.—Emergence of overwintered boll weevils in cages, by semimonthly periods,
Srow different lypes of sheller, Florence, S. (., 1924, 1025, and 1926
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The value of any material as a shelter for the boll weevi! depend.
upon the percentage ol these luseets that can survive the winter in
it, its availability, and also the degree to which the materiel will
retard emergence from hibernation. Ju this connection & study of
Tables 23 und 27 is interesting. The cotton stalks were piled in the
cages and thus did not represent natural conditions. While Lhis
type of shelter afforded the highest degree of protection during the
3-year period, 1t did not retard weevil emergence as much as pine straw,
cornstelis, or Spanish moss. These shelters, while giving poorer
protection to the weevil, nevertheless retarded emergence to the
extent that they were really more important from tie standpoint
ol sources of spring infestation, since it has been shown, in the dis-
cussion of tne lungevity ol overwintered weevils, that those weevils
emerging after the squaring of cotton are more likely to live long
enough o reproduce their kind than those emerging earlier. This
1s further evidence that pine woods are an excellent place lor weevils
to hibernate, and an important souwree of spring infestetion. The
shelters giving poorest protection, namely, sawdust and oat straw,
likewise nceelerated emergence. It is also noted that weevils Linished
emerging early in the scason when given only a eage for protection.
This indicates that while these insects may survive the winter in
rather open and exposed situations, they become active sooner and
usually perish before they can reproduce. This explains why over-
wintered weevils are usually more numerous in those portivus ol a
cotton field nearest wooded arens or hedge rows carly in summer
belore cotlon (ruits. Alter cotbon starts to seb squares these weevils
seem to be able to Jocate the richest parts of the field where the plants
fruit fhst, so the border distribution is not so marked at this time.

EMERGCENCE AB DETERMINED BY ThAP-CROP RECORDS

The emergence of the boll weevil in 1925, us determined by nrap-
crop records, is shown in Table 28, None was leund in either of
the two trap plantings of cotion until May 14, in spifs of o very
carclul plant-to-plant scarch. May 29, when the eariiest squares
were formed, 47,01 per cont ol the total number of weevils found in
lh(]'sv plots had Leen collected.  The last one was taken in the plots
Ju ¥y 0.
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Tante —Collections of veerwinlered boll weevils in frap crops, Florence, 8. €.,
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Examinations wers inode every day.,

In 1926, in two sunilar plots under observation, the GINCIZence
was very light.  In one planting no weevils were found, and in the
other four weevils were collected between June 24 and June 30.
In both years emergence was mostly over by June 30, at about which
time the first blooms appeared,

EMERGENCE AS DETERMINED RBY FIELD COUNTS

Fiekl counts were sade in 1925 and 1926 to detenmnine the populs-
tion of overwinfered weevils. In ench field [rom one to three plots
were staked off, the number depending on the two extremes of soil
type preseni. [qzmlly one plot wes located on the lighter sandy
soil and the other on the darker heavy soil; in only one case was 1t
necessary to have three such plots to a field. " Euch plot was composed
ol 100 plants. [n 1925 six of these fields were under observation,
end weekly counts were made of [rom 600 to 1,200 plants. First-
brood weevils, which are casily distinguished from overwintered cnes,
woere oot seen in the fields untll late June. Six counts taken at weekl
intervals showed fluctuations in the nunber of weevils in cach fiel
bul the average steadily inereased from 2 weevlls lor ench plot of 100
planis on \fzw 21 to 4.25 on June 23 and 24. (Table 28.) This
indicates thab overwintered weevils were still entering the field from
hibernation during this period.
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TanLk 20~ ~Average nwmber of overwiniered boll weevils per 100 plants, uscording to
Jeeld counts, Florence, 8. C., 1925
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Iu 1926 elght fields were selected, counts being made on 2 total of
1,600 plants. Overwintered weevils were so scarce that no data
were obtained this year by field eounts.

Compurutively fow sweevils are found in the fields of young cotton
in this vicinity un(il after the true leaves huve been formed. More-
over, very little evidence is at hand in the nature of typicul feeding
injury to show that therc is much migration to cotton before shis
ttime. This has been proved by curel ul plunt-fo-plant examinutions
in both trap crops and in ficlds.

REHIBERNATION

During the months of Mareh and April, 1925 and 1926, 437 weevils,
or §4.45 per cent of the 678 weevils which emerged from hibernation
hefore cotton came up, did not die on the duy they emerged.  (1able
30.)  Of these, 226 were recovered twice, 119 three times, 49 four
ibnes, and so on until 1 weevil was recovered 11 times. In some
¢ases Lhere was no actual rehibernation, the weevil merely surviving
in the cage fron day to dey end being marked each time. In others,
however, there were definite peciods during which the weevils dis-
appenred for several days.

Tanns 30-—Nwumber of times boll weesils were recovered in hibernution cuyes before
collon came wp, Florence, 8. O, 1825 and 1920
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Owing to the Jarge number of these insects under observaiion,
it was impossible to mark every one so that it could be distinguished
rom day to duy, In 1925, however, the March emergence was so
heavy that large numbers were marked with s red dye, distinguishing
them from those that emerged in April, which were colored blue.
Hence, when o weevil with & red spot was recovered after March in o
hibernution cage it was known {o have first emerged during March.
Table 31 shows the reappearance of these March weevils during April

" Fhe Leree Y rehibernsiion ** was used by Honter and Plerca.  Seo Hoster, W, D, and Pregce, W. D,
THE MEXK AN COTTUNHULL WEEVILD A SCMMARY OF TUE INVESTIGATION OF THIS (NSECT Ut TO DECEMBER
Bh UL N, Bopt agr, Her, Bot Bul Liag, po )17 1912, (0. 8, Cong, 624, 2 sess., B, Dap. 5050
Whily this lorter is open to eriticisr, e 08 probadly us spplicabls Lo his phenomeuon, which is ouly
frartinliy understood, o5 oy other shugle tor,
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and May and also of two which had first emerged in April. During
this period there was a definite reemergence of weevils that had first
emerged from hibernation during March. The greatest number were
recovered April 3, and the last one was recovered May 12. On May 6
and May 31 weevils were recovered which had emerged in April.
Obviously these weevils had a long rehibernation period, the exact
extent of which could not be ascertained. It was possible, however, to
figure the minimum average. The maximum average period was at
least 34.62 days, the minimum sverage 19.23. The longest records
were somewhere between 52 and 67 days,

TanLk 31.—Number of ocerwintered boll weevils which had first emerged in March
und A pril and which reappeared in hibernation coges uficr colton came up, Florence,
B A §/ P o) '
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Ve “im examined daily ibroughout Aprid and May, but dates oo which no weevils reappeiced
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#limerged io Aprl); all vllers hpd emerged in Alareh,

The nhove-deseribed experiment shows that many weevils emerging
from hibernation ton early to find cotton are able to return to at least
1 partially dormant condition and to emerge again several weeks
later after cotion is up. :

ENTRANCE INTO HIBERNATION IN FALL

Weekly collections of Spanish moss were made from September to
November, 1925, al several different points around Florence to
determine when weevils were entering hibernation. Two live weevils
were found In 70 pounds of moss collected Beptember 1 to 3, or an
average ol about 57 weevils per ton of moss. There wes no hing of
cool weather at this date, and there was no killing frost until November
18. This ndicates that some weevils may go into dormancy long
before cool weather.

Field counts made during 1925 did not show any significant
decresse in the weevil popuolation until after the counts made October
13 when there was an average of 7.36 plants per weevil, as compared
with .38 on October 6 and 5.26 on September 28. Or October 21
and 22 Lhis average was 10.33. Consideration must be given to the
fact that late weevils were becoming mature st this time and that
these would offset to some extent those that left the fields for hiber-
nation.

In 1926, counts made in 11 fields showed an average of 10.83
plants per weevil on September 20, 13.25 on September 27, and 15.07
on October 5. The number of weevils in these fields continued to
decrease alver these dates. This indicates that weevils began leaving
the fields in noticeable numbers some tinre between September 26
and 27 in 1926,

33095% — 20—muu5
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NATURAL CONTROL
SPECIES OF PARASITES REARED AND NOTES ON THEIR BIOLOGY

Six different species of hymenopterous parasites have been reared
from squares infested with bell-weevil larvae.’ Duricg the 3-vear
period, In order of numerical abundanee, they were as follows:
Microbracon mellitor (Say), Cutoluecus huntern Cwid., Furytomu
tylodermatis Ashm., Eupeimus eyaniceps var. amicus Gir., Traspis
eurculionis Fitch, and Zatropis incerfus Ashm, The yearly abundance
and sensonal distribution of these parasites are shown in Table 32.

TasLe 32—Numerical velntions und seesoncl distribuiion of species of boll-weeril
perusites reaved al Florence, 8. C., 1524, 1925, and 1928

Ntnher reared ; Sensounl distribution
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1L Savernl. ! Dates of appesrance oot recorded.

MICROBRACON MELLITOR (SBAY)

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

ADULT

The average length of life of 19 males was 10 days, and the maximum
21. The average longevity of 24 females was 13,29 days, and the
meximum 35. The adult parasites are very active during the day and
may be seen flying about in cotton fields heavily infested with the boll
weevil. Oviposition and mating have not been observed, but eggs
were obtained by exposing weevil-infested squares to the females and
later dissecting out paralyzed weevil grubs bearing the freshly depos-
tted eggs. The weevils had not been previously exposed to parasite
attack.

Cage records show that during July and August the female requires
from two to six days to develop her eggs sufliciently for oviposition.
One series of females, which issued July 20, deposited their first eges
between July 24 and 26; a second series, which emerged August 7,
began oviposition between August 9 and 10; and a third series, which
matured August 12, deposited their first eges between August 14 and
16. The adult female is provided with a comparatively long oviposi-
tor, characteristic of braconids of this group, and is thus able easily to
pierce through the outer layers of a square to locate snd paralyze the

# Identiflen) by A, L Gehan, Burcan of BErtomalogy,
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weevil grub. Weevil grubs bearing Microbracon larvee have also
been found in bolls, indicating that the hull of the boll is no obstacle to
the parasite,

In most cases where weevil parasitism has been studied, 3/, melli-
tor has heen found Lo be the most abundant parasite. 1t has often
been noted by investigators that the percentage of parnsitisn: is ¢ ~eater
in hanging than in fallen squares.  The reason for this was discoverad
when it was found that the female will not oviposit in a weevil-
infested square after it has fallen from the plant and is on the ground.
I'n order to get successful parasitism, it was necessary to [asten the
squares {o small branches of cotton in the parssite cages.

From August 106 to September 20, 14 females with males were kept
in cages where they were fed dally on sugar dissolved in water, and
given a fresh supply of weevil-infested squares to parasitize.  These
squares were always placed on the sand in the bottom of the cage.
No adult Microbracon wasps were reared from these squares and no
cggs or other stages found on the weevil grubs after they had been
exposed.  On September 20 2l females which were still alive in this
experiment were dissected and egys were found in the ovaries, showing
that they were normal in this respect. At the same time this experi-
menl was being conducted other females were being successfully
indueed to ovipesit under the same conditions, except that the squares
were hung on the plants.

The lTemale parasite prefers nearly full grown or completely grown
weevid larvae for oviposition.  In no eases were eggs laid on small or
partly developed weevil grubs, but on the other hand approximately
180 ¢ases of oviposition on large weevil larvae were recorded. At this
stage Lhe Isrva has eaten all or nearly all floral paris of the square,
lenving only the outer shell,

GUOWTH AND DEVELOPMENT

The egg s clubshaped and slightly curved, with one pole much
blunter and broader than the other. 1t is pearly-white, with an
opaque region sometimes in the middle third and sometimes extending
almost throughout the egg contents. The shell is not sculptured.
The size varies from 0.866 to 1.256 millimeters in length and from
0.173 to 0.225 millimeter across the broader end. The egg is not
firmly glued to the larva of the weevil and is found in the square in the
vicinity of the host as often as upon it. Tsually but one egg to a
weevi) grub is laid, but oceasionally two are found.

The weevil grub is always completely paralyzed by the adult pare-
site and does not recover even though the cgg is removed before it
hatches. The grub is not immediately killed by stinging, and the
dorsal vessel ¢can be seen pulsating in a feeble and irregular manner.
The range is from 22 to 35 beats per minute directly after being
parasitized, which is somewhat less than that of the unparssitized
weevii grub. It was difficult to determine the pulse beat of the
normal weevil grub, as it varied considerably, beating slowly and
irregularly sbout thirty-nine times per minute when the grub was
undisturbed, but strongly and more rapidly when disturbed. At the
end of 24 howrs the pulse of the parasitized weevi! larva is weaker and
slower.  The domsal vessel has been observed to beat feebly rom one
to three days sfter paralysis, whether or not the parasile larva is
present, <o appurently the poison of the sting, rather than the activi-
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ties of the small parssitic larva, kills the grub.in most cases. If the
ceg is removed, the weevil grub often remains in a preserved condition
for three to eight days hefore decay sets in. The incubation period
averaged about 24 hours, as determined by 15 records {rom August 26
tu September 16.

The hatching of the parasitic larve has been observed several
times and is as follows: Just prior to hatching the segments of the
larva can be seen through the shell of the egg, giving the latter a
segmented appesarance. The movements of the larva within cause
the larger end to oscillate slightly, after which the head of the larva
appears. The latter graduslly worms its way out of the eggshell,
which erumples up after emergence. s

The parasite larva is very active when first hatched, and crawls
nbout the smooth body of the host with a peculiar crawling and looping
movement, appearing to have a sucking disk or pad on the lust seg-
ment.  The larva at this time usually prefers to locate on the side of
the hody of the host near the material on which it is resting or actually
under the body. As scon as possible & puint is sclected and feeding
begins, 1f disturbed, the parasite moves away and locates another
spot, and it may nlso shift its position normally several times.

The full-grown parssite larva is of a sordid, yellowish-white coler
with darker coloring within. Series ol roughened projections are
present ventrally to take the place of prolegs and are used in loco-
motion, aided by a posterior sucking pad.  After the cocoon ig spun
and prior to the prepupal stage the larva passes through a distinet
change. 1t becomes darker in eolor and assumes a mottled appear-
ance, which is due to the presence of small white particles showing up
against a dark background within the body. Directly alter this the
farva enters the prepupasl stage.

During July and August from 2 to 3 days clapse from the time of
halching to the spinning of the cocoon by the parasite. The larval
stage Insts from 7 to 8 days and the pupal stage from 2 to 3. The
entire development from the time ol egg deposition to the emergence
of the adult parasite takes from 8.5 to 13 days, with an average of
10.19 days, from 31 records.

On one oceasion a weevll grub was dissected frem a square hearing
two Microbracon eggs. These hatched at about the same time and
Tor & while hoth parasitic larvae fed upon the host in the usual manner.
Then one was found leeding upon the other, which was dead hut not
entirely eaten. It is thus apparent that normally one Microbracon
develops from a single weevil larea,

CATOLACCUS HUKTERI CWFD.

The total number of Cafolaceus hunferi reared from boll weovils
in three years was 155, Of the 64 individuals reared in 1926, 14 were
males and 47 were females, the sex of three being unknown. This
species was not reared from forms collected in certain fields, showing
that its distribution was somewhat localized.

EURYTOMA TYLODERMATIS ASHM.

Furytome tylodermatis were nearly as abandant as Catoleccus huntert,
148 being renred in three years,  Of the 62 individuals reared in 1926,
22 woere males and 38 females, 2 not being classified as to sex.  This
species, like the preceding one, was not reared from squares collected

RN
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CAUSES OF MORTALITY OF IMMATURE STAGES OF THE
BOLL WEEYIL

In 1925 and 1926 weekly collections of weevil-infested squares
were made {rom several fields in the vicinity of Florence. The squares
were collected from widely scattered points about each field so as to
he s neerly representative as possiblle of conditions 1n the planting.
The same fields were visited for collections throughout the entire
season. In addition to picking up these forms which had shed because
of weevil infestation, whencver possible a collection was made of
those infested forms which had dried and were hanging on the plants.
Tho squures were then dissected to determine the percentages of
live and dead weevil stages and to ascertain the cause of the mortality.
The results of this study ure presented in the paragraphs that follow.

MORTALITY DUE TO PARASITISM

The denth rate caused by parasites in 1925 was much higher in
hanging forms than in fallen forms, averaging 29.56 per cent for the
former and 6.75 per cent for the lagter. The highest mortality from
parasites in hanging squares was found to be 35.63 per cent on July
20. After this date the percentage of parasitisin diminished gradu-
ally, with onc exception, until the end of the weekly examinations,
Auvgust 17, In [allen squarcs the average [or this section never
reached 10 per cent for the entire period. "There was considerable
variation n the seasonal average degree of parasitism found in fallen
squares in diflerent fields, ranging from 3.56 to 12.27 per cent. In
the two fields from which hanging squares were obtained, it ranged
from 27.66 to 32.08 per cent.

In 1936 the average parasitism in fallen squares was 7.84 per cent,
ns compared with 22.71 per cent in hanging squares. This year the
highest percentage of parasitism in hanging squares was reached
July 22. No examinations were made after July 29 owing to lack
of material. In fallen squares the percentage of parasitism for all
fields was slightly higher than in 1925, but was below 10 per cent
except in the examinations of August 4, when it slightly excceded
this. The field variation ronged {rom 2.37 to 10.34 per cent for [allen
squares and from 14.06 to 51.52 per cent for hanging squares.

MORTALITY DUE TO HEAT

In 1925, during the months of July and August, the mortality from
heat was Iower in forms hanging on the planis than in those collected
from the ground, averaging 41.18 per cent in fallen squares in cight
fields during this period, as compared with 18.63 per cent in hanging
forms. In lallen squares it incrensed {from 16.95 per cent July 2 to
70,09 per cont August 17, and in hanging forms from 11.95 per cent
July 13 to 27.08 per cent August 10, then dropped to 18.75 per cent
August 17, There was also a considerable variation in the mortality
in Inlien squares in different fiekds, this ranging from 3581 to 48.38
per eent.  In the two fields from which hanging squares were obtained
there was considerable weekly variation, but the averoge for the
season was about the same for hoth,

Tn 1926, as compared with 1925, there was no definite increase in
mortality from heat in fallen squares observed in seven fields as the
season advanced, but there was o considerable weekly variation, a
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peak of 48.7 per cent being reached July 22. After this there was a
merked drop for two weeks, followed by increases until a second pealk
was reacked August 18.  Asin 1025, the mortality for the season was
lowerin hanging squares than in those falten, the averages being 12.51
per cent for the former, as compared with 25.73 per cent for the latter.
There was also considerable variation in the different fields in both
hanging and fallen squares, ranging from 3.17 to 29.41 per cent for
hanging and from 7.51 to 38.99 per cent for faller squares. The
average mortality was considersbly lower in 1926 than in 1925 in
both fallen and hanging squares. 1In both years the high percentage
of mortality in fullen squares was undoubtedly largely due to heat
[rom direct sun rays,

MORTALITY DUE TQO PREDATORS

The mortality coused by predators was very slight in both 1925
and 1026. During the first year, in fallen squares, it ranged from
1.65 per cent July 13 to none July 2, never reaching 2 per cent and
being usually below 1 per cent. In hanging squares in 1925 it varied
considerably from week to week, but there was an average for the
period of 1.01 per cent us compared with 0.59 per cent for fallen
forms. In fallen squares there was a range of from 0.24 to 0.91 per
cent in different fields, and in hanging squares from one feld no
mortality was recorded and from the other field 1.77 per cent. In
1926 no definite records were obtained for hanging squares, and the
average lor the season for fallen squares was 0.03 per cent.

MORTALITY DUE TO PROLIFERATION

In 1925 the greatest mortality due to proliferation in fallen squares
was 7.66 per eent on July 7; in hanging squares it was 2.08 per cent
on August 10. There was a considerable weekly varistion, but the
average was low, being 3.22 per cent for fallen squares and 0.4 per
vent for hanging squares. The average mortality in different fields
ranged Irom 2.16 to 5.13 per cent for fallen squares, but there wag
little variatipn in hanging squares.

In 1926 the highest mortality due to proliferation was 2.73 per
cent August 18 for fallen squares and 2.82 per cent July 7 for hanging
squares. The average was 1.16 per cent for hanging squares, as com-
pared with 1 per cent for those {allen. The average mortality due
to proliferation in different fields for fallen squares ranged from 0.28
to 3.16 per cent, and lor hanging forms from 0 to 6.06 per cent.

MORTALITY DUE TO DISEASE AND UNKNOWN CAUSES

In fallen squaves in 1925 the death of immature stages due to
disease and unknown causes was less than 1 per cent throughout the
period of examination, except on July 7, when it was 3.83 per cent.
In hanging squares it was 3.14 per cent on July 13, and no stages
were Jound to have been killed by disease or unknown causes after
this date. The average in fallen squares was 0.93 per cent and in
hauging squares 1.01 per cent. The field variation in mortality due
to these causes ranged from 0.19 to 2.05 per cent in {allen squares,
and from 0 to 1.77 per cent in hanging squares,
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In 1926 the mortality due to these causes was much higher than
in 1925, the peak being reached July 22, when it was 12.97 per cent
for fallen and 7.89 per cent for hanging squares. The average for
the year was £.52 per cent for hanging and 4.11 per cent for fallen
squares. The field variation in mo.rtaTity due to these causes ranged
from 0 to 818 per cent in fallen squares and from 3.17 to 9.09 per
cent in hanging squares.
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TOTAL MORTALITY

Tigure 36 shows graphically the percentage of totel mortslity in
both hanging and fallen squares for 1925 and 1926.

The mortality in fallen squares in 1925 ranged from 23.21 per cent,
July 2, to 79.34 per cent, August 17. (Table 33.) The first peak in
the curve plotted to show this was reached July 7, alter which there
was a Talling off until after July 20, followed by steady increases. The
average for the season in fallen squares was 52,67 per cent, as compared -
with 50.61 per cent in hanging squares. (Table 34.) The fizures for
the latter show a higher percentage of mortality than for fallen squares
early in the scason, but after August 3 it was lower.
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Tasre 33.~—Mortalily of boll-weevil stages m fallen squares due lo all causes,
Florence, 8. C.,

Cause

H t ! i

Date : : b bacasit. | poati
i Ileat Predaters; Pﬁ'*: eﬁg;{l)!;n

Disease ; Total
or 11n-
known
cause

ent * Per cent | Per eent © Per cent | Per cent

Ll
[}
© Pereend ; Per g

July 2...... .. 005 1] 1.78 402 . Q.45 23.21
Tuly 7 o G5 1.0 5,08, A 3.83 45. 18
July 13.. .. 19,24 | L5 E.74 . a. 55 .50 35,77
Juiy 20, .. 15,69 ! .66 TED 2,95 i N 3l 5l
July 27 e 3L | .52 Bl | 1.66 .82 43.18
Aug. 3.0 L. 55,52 ) 43 : 1,42 .8 4. 33
Aug. 30 .. . 62, 42 ¢ ) .41 ! L3 .20 0. 70
AU 7 Lo il o e 008 1B: ga3f 23! 0 U
AVETEC o .. o el ieiamiiiioos 41187 W50 6.75 4.2y .03 267

TarLe 34 —Mortulity of boll-wecvil stages in hanging squures due Lo all causes,
Florence, X, (., 1025

Cause
——— T =
. ; Disense
Diale Ieat }I-‘rl:dsnt.t‘.‘l‘sr Parosit. | Trolit- | orun- | TORl
ism emtion ¢ kpown
i i causs

Precent Per cmt l Per cent | Per cent | Percent | Per cent
. 83 4

Tuly 12, e e e e eee L1, 53 2, 67 0. a1 14, 05
JulyoLoo L 20. 60 0 * 3583 0 0 36.32
Wy T LD i e 32,33 g 0 .55
: . '.f.s.wl ¢ .43 0 0 E
08 2 08 97, 00 2,08 0 &B. 33

. . . IRTEC ) 048 0 0 28,13

AVOLBRA v aae s 15, 6 Lyl 20.58 .0 1.0k 5t 6L

In 1926 the total mortality in fallen squares was 38.71 per cent,
which was Iower than in 1925, (Table 35.) The curve plotted out
{or this shows a considerable difference as compared with that of 1925
in that the highest death rate, 71.18 per cent, occurred much earlier,
namely, July 22, A second high point, which was lower than the first,
was reached August 18, The total mortelity in hanging squares was
slightly greater than that in fallen ones, averaging 40.9 per cent
during the short period in which examinations were made fo determine
this. The maximum mortality in fallen and bapging squares was
recorded on the same date. (Table 36.)

TasLe 35, —Mortedity of boll-weeril stages m _,":;Elcn sguures due lo oll couses,
Florence, .5. €.,

Cause
b
Date  tent prodacor) Farasit- | Prolit. | ‘orum | Total

. o st eration | known

: : Ciuse
. —— [ - : i

D Percent Percent | Percent | Perernt | Per cend | Per cenl
July 5 to 0. .. W6 1] B L3 ! 0.9 4.31 35,80
July 121017 s 0 8,43 | .06 t, 83 H. 65
July 1% to M 8. 7 u . 051 0 12,49 7L 18
July 2o 3l 2T 0 i B.93 ) .03 4. 38 3. 12
AUE 20T i 4 .38 | 0 ] 25,40
At oo bt .88 0.2 ; 6,17 212 245 ITL
Aug. lilo 2l . i 25 a 7450 LTE 2,80 ¢ 4. 15
Aug. 2o ... ,-;: 0. a7rl 0 1.7 ¢ 5, 56

Average. e AR B LN, Lo 4l 38, 71
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TasLE 36.—>Mortality of boll-weewil s!ages in hanging squares due to all couses,

Florence, 5. C., 1988
Cause
Thute 1 E f— Trisease | Total
Parasit- ; Prolil- ; orun-
Heat Predatorst = yym i eration ; koown
- : T cause
| i B '
_b Per cenl I Per cent | Perceat | Per cent 1 Fer cent ) Per eend
July HLO 10 . i m e 30, 45 ¢ (] 16,08 283 1.6l 25, 00
JUlP 1210 0T o ciiaimaen mcneeaurea 1] 73 59 58 i 4,411 4105
July I9tlo M., . 1] a0 i~ 7.81!5 60, 53
July e dl. .. il ol el o 1 &4i 85
Averoge 0 J =T *’ LG 1 g2 4000
i
SUMMARY

Climate exerts a very important influence nwpon the seasonal oycle
of the cotton boll weevil at Florence, 5. C. Unusually low tempera-
tures, such as 11° F. or lower, appear to be unfavorable for the over-
wintering weevils. Hot, dry summers, as experienced in 1925 and
1925, are also unfavorable, The irequency of rains, as well as the
total rainfsll, has sn important bearing on boll-weevit development.

Alter being punctured once, a square remained on the plant, on an
average, 7.35 days. When given their preference, weevils never
punctured squares less than 6 days old for egg deposition. The
younger a boll was, the greater was the average number of feeding
punctures made by weevils in a 24-hour period.

In two varicties of short-staple and one of long-staple upland cotton,
more egg punctures per boll were made in bolls from 6 to 20 days old
than in those 1 to 5 days old, but alter 20 days the number per boll
dropped steadily., For thesc same varieties the average cotton loss
in terms of locks damaged or destroyed was highest in bolls 1 to 5 days
old, s.é)d it dropped rapidly for ail three varicties until the bolls
opened.

There was 8 maximum of four gencrations per season, of which the
first end second were large, while the third and especially the fourth
were incomplete. Most of the emergence and oviposition of the dif-
[erent broods came before the middle of August.

The seasonal cycle of the boll weevil was closely correlated with
and dependent upon the fruiting of the cotton plant. Development
of the weevil was moss rapid during the period of maximura praduc-
tion of squares and was checked after the plants had shed most of
the squares and young bolls.

The average longevity of overwintered weevils in hibernation cages
belore cotton was available for food was 5.65 daye. In the late foll
weovils may live as long as 29 days without food or water. In field
coges Lhe average length of life before square formation was 8.13
days and after square production it was 19.32 for males end 15.99
for females. The maximum longevity was 82 days for males and
8] for females. 1o these saine cages the preaviposition period averaged
7.91 days, the oviposition period 12.66 days, the average number of
eges deposited per female 81.21, and the daily rate of egg deposition
642. The maxtmum lecundity in field cages was 440 eggs. The
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average period of development in squares in the field was 18.3 days
and In bolls 32.31 days.

In tumblers the aversge longevity of overwintered weevils before
squarces were produced in the spring was 14.01 days, and, alter square
production began, 64.39 lor males and 57.79 {or Jemales. In these
same tumblers the preoviposition period averaged 8.24 days, the
oviposition period 52.6 days, the average number of eggs per female
was 120.95, and the daily rate of egg depusition 2.3 eges. Ln tumblers
the maximum longevity was 140+ deys and the maxirmun number of
epes deposited was 423,

The avernge period of development of the boll weevil in picked
squares when placed in the insectary was 14.42 days.

The average daily rate of egy deposition in lantern-globe cages
was 7.43 eges, and the maximum fecundity was 631 cges.

When the weevils were fed on holls the aversge longevity for males
was 48.02 days and for females 56.43, the preoviposition period 5,64,
the oviposition period 49.88, the total number of eges 54.78, and the
avernge duly rate of oviposition 1.1 cgus.

The average longevity of overwintered females mated the previous
fall was 79.2 days, the preoviposition period 7.9, the owiposition
perind 4.8, the fecundity 90.5 eggs, and the average daily rate of
oviposition 1.40 eges.

Dispersal by (light wa, influenced hy temperature to a slight extent
after it had already begun, more weevils being in flight when the
temperature was high than when it was lower. Dispersal was cor-
related with the interrelation between weevi) population and square
production by the coiton plant, or, in other words, with the percentage
of wlestation. Trap-crop records indicaie that weevils were flying
Irom hield to field at least as carly as fuly 13, 1925, and July 22, 1926,

The average winter survival at rence, 5. C., for four seasons
(fall of 1922 to spring of 1926) was .97 per cent, the maximum was
i1.05 per cent 1 1923, and the minimum 0.35 per cont in 1924, In
1025 and 1926, 3.17 per cent of weevils survived in field cages as
compared with 4,31 per cent in the woeods under conditions otherwise
the same.

The shelter giving the most protection was piled cotton stalks,
the survival in ﬁﬂs material for the period 1824 (fall) to 1926 (spring)
averaging 5.64 per cent.  The survival in other shelters was as follows:
Cornstalks, 4.03 per cent; pine straw, 3.56; Spanish moss, 2.63; saw-
dust or shavings, 1.37; oat straw, 0.72; and cage only, 0.43 per cent.

For four vears (1923 Go 1926) 21.26 per cent of the weevils sur-
viving emerged in March, 41.78 in April, 29.19 in May, 7.76 in June,
and 0.11 in July. The percentage of emergence in all hibernation
cages at date of first square formation ranged from 99.1 in 1922 to
90.02 in 1923,

There was a definite relation between rate of emergence and type
of shelter. Weevils in pine straw, cornstalks, and Spanish moss
continued to emerge later than those in other shelters. The dates of
last emergence from the different shelters for the 3-year period were
us follows: Sawdust, Mav 11; ceze only, May 29; Spanish moss,
June 3; cotton stalks, June 6 oat svraw, June 9; cornstalks, June 16;
and pine straw, June 17.

The migration of overwintered weevils to cotton after emergence,
as determined by means ol trap crops, showed that in 1925 large
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numbers migrated to cotton from May 14 to June 22. Tield counts
made in 1925 likewise showed that overwintered weevils continued to
enter ¢otton felds during June. .

In 1925 and 1926, 64.45 per cent of the overwintersd weevils
emerging {rom hibernalion before cotton came up lived longer than
one day. Some of these remained aciive and alive in the cages for
severnl days before dymg, and others “rehibernated.” These
rehibernation periods varied in length, but one weevil lived at least
as long as 52 days after fist emergence.  In April, 1925, there was 2
definite reappearance of March-emerging weevils which extendsd
until Nay 12,

Weekly eoliections of Spanish moss made from September to
Novemnber, 1925, showed thet some weevils entered hibernation as
curly as Beptember 1. Field counts showed that there was a notice-
able veduction in the weevil population in all fields after the second
week in October in 1825 and late in September, 1926, indicating that
the heaviest movement o hibernation began at about those dates,

Six species of parasites were reared, ss folows: Microbracon mellitor
Say), Catoleceas hunteri (wid., Furytoma  tylodermatis  Ashm..
Fupelmus cyaniceps var. amicus Gir., Traspis curculionis Fitch, and
Zatropis incertus Ashm. Among these A mellitor was the most
numerous and important.

The greatest mortality in Tallen squares was due to heat, averaging
4108 per cenb in 1925 and 2573 per cent in 1926, The mortality
caused by parasites averaged 6.75 per cent in 1925 and 7.84 per cent
in 1926, Predators caused death rates of 0.59 and 0.03 per cent;
prolifeeation, 3.22 and 1 per cent; disease or unknown causes, 0.93
and 4.11 per cent.

The mortality of the weevil due to all causes in fallen squares
averaged 52.67 per cent lov July and August, 1925, and 50.61 per cent
in hanging squares during the same period. In 1926 the scasonal
average was 38.71 per cent in fallen squares and 40.9 per cent in
haoging squares,
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