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INTRODUCTION

Internal feeding insects have been knoTtrn to occur in stored grain

since 196 B, C, when Plautus first reported a weevil in stored wheat.

It is not known vdiether he was referring to the rice weevil, Sitophllus

oryaae L, or granary weevil, Sitophilua granarius L. (Cotton, 1920).

Rice and granary weevils are listed as two of the four most destruc-

tive grain damaging insects that attack grain in shipment and storagej the

other two, also internal feeders, are the lesser grain borer, Rizopertha

dominica (F, ) and the Angoumoia grain moth, Sitotroga cerealella (Oliv.).

These insects make the grain subject to secondaxy infestations by breaking

the itfiole kernels, thus allowing other insects to feed on the damaged kernels

(U.S.D.A. Farmers Bulletin 1260, 195B).

With the inc]:*ease of population and uzHsanization of man a need for

storage of more food and food products has arisen. These foods are usually

stored as whole grains, rather than as finished products. The storage of

grains for long periods of time provides the internal feeding insects with

an ideal envirc»ment in which to live.

In recent years, there has been a tightening of the U, S. Food and

Drug Administration regulations governing the tolerance of foreign materials

in food products. The regulations now read that one percent or more of

insect-damaged idieat kernels, as determined by wei^t, constitutes a threat

to htinan welfare and is therefore subject to seiaure (Food and Drug Adminis-

tration, 1957). Now, hidden infestations can be detected easily by the use

of the grain X-ray inspection unit. Internal feeding insects can not be

removed by screening. Heavily infested wheat must not be used for human

consumption and is restricted to animal food, industrial use, or must be



discarded. The use of chemicals in the control of insects in food material

is becoming more restricted due to the haaard of residues poisoni

and animals*

More economical and effective ways of controlling grain weevils itnist

be found. To develop better insecticides and other control methods, more

information on the ecology and life processes of the grain weevils must be

obtained. To do this, it is necessary to be able to identify the various

stages of these insects. Dyar found that the head capsule width of each in-

star is constant within each instar and may be used in the determination of

its instar (Imms, 1924).

The object of this work was to determine the head capsule measurements

of the four Instars of the large strain rice weovil and the granary weevil

when breeding in wheat under standard conditions and to compare these with

other published measurements of larval rice and granary weevil head capsule

widths.

REVIEW OF LITERATURE

Unknown Strain Hice l/eevil

Origin and Distribution . The rice weevil was first described by Carolus

Linnaeus in 1763 and the origin of this weevil is believed to have been in

India (Cotton, 1920). The weevil was transported to Europe and is now cos-

mopolitan, being found in the temperate, sub-tropical, and tropical zones of

the world (Pang-Hwa and Ten-Nien, 1935).

Adult Description. The color of the rice weevil is opaque, reddish-brown

to piceous, with four rufous spots on the elytra. The beak is slender, cylin-

drical, slightly dilated at the base, three-fourths as long as the thorax.



with four rows of rather coarse punctures on the dorsum and a alight fovea

between the eyes. The thorax is longer than wide, constricted nsar the

apex, with the sides feebly curved, and gradually divergent to its base,

the disc densely, deeply and coarsely punctured. The elytra are oblong,

slightly narrowed at the tip, deeply striate, striae very coarsely and

closely punctured. Intervals of the elytra are slightly convex and narrow.

Overall length is 2,1 to 2.8 mm. (Blatchl^ and Leng, 1916).

BJolo/y . The biology was studied by Cotton (1920) and Howe (1952),

The time of appearance of instars of the rice weevil were recorded by

Cotton (1920), Howe and Oxley (1944), Howe (1952), and O'Donnell (1956).

Lathrop (1914) described the egg layix^ of the rice weevil.

Head capsule laeasurements of an unknovm strain rice weevil have been

recorded by Cotton (1920), and of the small strain rice weevil by O'Donnell

(1956).

Large Strain 1-dce Weevil

Description . Birch (1946) stated that the large strein rice weevil

was described by Motschulsky in 1855. Motschulsky named it Calandra

zea-mais Motsch, The identification was based on the size and sculpturing

of the pronotum and elytra,

A significant aifference in size between the two strains was found by

Birch (1946) and the following sizes were ^vea for the two species after

seven generttions in corn and wheat:

Large Strain Small Strain
Com t Wheat Conn : (heat

Length from pronotum
to tip of elytra 3.23 jaa. 2.8? Jma. 2.72 nm. 2.42 mm.

Birch (1944) gave the following results for the large strain rice weevil



Large Strain Staall Strain

Male : Female Male t Female

1.22 1.20
2.86 2.86
1.12 1.12

1.02 1.04
2.43 2.50
0.93 0.96

bred in wheat

t

Pironotvua length (ma.)

Total length (nua.

)

Maxinaim tridth (znm.)

Biolofiy . The large strain rice weevil has been found to la> fewer

•ggs and develops slower than the small strain weevil in wheat of 10 percent

moisture. The two strains are inter-sterile (j3irch, 1944^. The sex ratio

of the large strain rice weevil is unity (Howe, 1952). Howe found the life

history of the large strain rice weevil at 25 degrees Centigrade and 70 per-

cent relative humidity to be as follows:

First appear- Median ciays from
ance day after oviposition to

laying end of instars

£gs 6.1
Instar 1 5 days 10.9
Instar 2 9 days 15.0
Instar 3 13 days 19.4
Instar 4 16 days 27.7
Pupa 24 days 34.6
Adult 28 days
Emergence 32 days

Granary Weevil

Origin and Listribution, The granary weevil is thought to b(

curculio known Iqr the Romans (Cotton, 1941), Linnaeus described the gi^nary

weevil in 1758 and named it Calandra granaria Linn, (fllatchley and Leng,

1916).

In distribution, granary vreevils are cosmopolitan and in the United

States are more commonly found in the fiorthem states (Cotton, 1941).

Adult Description . The granary weevil is elongate-oblong, feebly

convex, chestnut brown to piceous in color and moderately shining. The



beak is tvro-thirds as long as the thorax, slender, cylindrical and finely

and sparsely punctate. The thorax is sparsely punctate, punctures coarse

and on the dise more or less fusiform, Elytra are deeply striate, the

striae punctured at the bottom, not serrate. The intervals of the elytra

are amooth, alternately wider and more elevated, especially toward the base.

The striae have a row of elongate punctures. The sternun is coarsely and

less densely punctured than in the rice weevil. The length is 3-4 aa,

(Blatchley and Leng, 1916).

WUloar* Kunike (1936) studied the life history and environmental

factors as affecting the life history of the granary weevil and detemined

its developmental time.

Stadium
Shortest develop-
mental duration

Total develop-
oental duration

in days in days

See
Larva I
Larva XI

6 6
13
19

Larva III
Larva IV

23
28

Prepupa
Pupa
Weavil in Ifom

29

34
37

Kunike (1936) described the egg laying of the granary weevil and gave

measurements of the egg as 0,64 aua, long and 0,3 am, wide. He also recorded

the head capsule widths,

E:q)erimental Procedure

Robinson (1926) reported that relative humidity and temperature are

important environmental conditions for insects. Moisture content of grain

has an influence on the water content of insects.

Other problems considered were, amount of carbon dioxide present, number



of larvae per kernel, length of oviposition and age of adults, Richards

and Oxley (1943) noted that carbon dioxide buildup will cause the mid-fourth

instar larvae to eject frass through a niinute hole in the kernel. Tvro weevil

larvae in one kernel provide competition and retards development of one

another. Internal feeding larvae should be froc a culture of a short ovi-

position period (Howe, 1952). In a study of Tenebrio ciolitor Linn., Tracey

(1958) found tiiat the age of parents affected the rate of vieight increase

and length of the life cycle of their larvae.

Uason fruit jars may be used as culture jars for grain weevils. A

cover of muslin is desirable to keep parasites and other insects out. All

media should be sterilized to kill mites and insects which may be present

(Peterson, 1955).

Frankenfeld (19A8) developed a method of detecting egg plugs of grain

weevils by staining with acid fuchsin.

aiUIPliiiNT AND MATERIALS

Rearing Facilities

All stock and eocperimentai cultures were reared under controlled con-

ditions of temperature and humidity in the stored grain insect rearing room

at Kansas State Collie. Temperatures were held at 80 F. £ two degrees and

at 70 percent relative humidity £ two percent.

An automatically controlled, industrial humidifier was used to blow a

mist of water throughout the room. Air circulation was provided by a con-

tinually operated fan. Heat vjas provided by light bulbs controlled by a

thermostat. Cooling was accomplished by circulating air over a series of

pipes which had cool water flowing through them.



other equlpaent used is as follows: Aspirator, electronic moisture

tester, dissecting microscope, forceps, freezer, microscope slides, number

three pinning needles, rotomatic sifter, seed cleaner, screen lids, standard

sieves, weight per bushel tester, and wide mouth quart Jars.

E3Q)endable items used are as follows: acid fuchsin stain, balsam,

filter paper, and paper towels.

Source of Stock Cultures

Weevils used in this experiment were obtained from stock cultures

at Kansas State College, Stock cultures of granary weevil were originally

obtained from the United States Department of Agriculture Stored Products

Insect Laboratory at Uanhattan, Kansas. At varying intervals adults wer«

added from nearby granaries. The large strain rice weevil culture was

obtained from Arkansas, courtesy of Paul Bolea.

Culture Media

The culture medivun used in this experiment was Pawnee variety of hard

red winter viieat. The wheat was grown in 1956 in Allen County, Kansas and

stored in cold storage in Uanhattan, Kansas until needed.

The corn used for the general cultures of the large strain idee weevil

was a yellow variety obtained from a local grain dealer.

METHODS

Media Preparation

Grain used in this experiment was cleaned by the use of a Farm Master

Seed Cleaner, using a letter A chaff screen and a number I double screen to



remove dockage and broken kernels.

The grain was divided into 25 pound lots, sealed in metal containers,

and placed in a deepfreesser. After seven days at joinus zero degrees Fahi'ej>-

heit, the containers were removed and allowed to attain rooia temperatui*e«

When the temperature reached ^i equilibrium of approxjjnately 80° F,, the

percentags aoisture was determined by the use of a model 500 G Steinlite

Moisture Tester. An C^aus V/eight Per Bushel Tester was used to obtain the

test wei^t of the grain.

To bring moisture content of the grain up to 13*5 percent, the follow-

ing calculation procedure was used}

100 - % of present water content
100 - ^ of desired water content

The first digit of the quotient (always one) was dropped, leaving the re-

mainder of the quotient as a Multiple factor that was multiplied by grams of

wheat to be tenipered. The product was the amount of water to be added to

the grain to bring the moisture content to the desired level.

The correct amount of distilled water was then placed in the can of

grain and the lid sealed with maskixig tape. Twice a day, the can of grain

was rolled to insvire the uniform moisture content of the grain. One week

later, the moisture content was rechecked and the above process was repeated

if the moisture content did not meet specifications of 13.5 percent £ 0.5

percent.

Stock Culture Procedure

Stock cultures of the rice and granary weevils were maintained under

identical conditions, except that the large strain rice weevils were cultured

in corn, and granary weevil in i*ieat.



Five hundred grams of sterilized, 13.5 perc«it moisture grain were

placed in each container. These containers were one quart, vdde mouth,

mason jars that had a 40-mesh screen replacing the metal cap. A piece of

filter paper was placed in each lid to keep other insects from laying eggs

through the screen.

Unseated adult weevils were removed from the previous cultures by-

screening with a rotomatic sifter. Two hundred weevils were picked up in

an aspirator and placed in each container for seven days. These cultiu^s

were placed in a rearing room and maintained at approximately 70 percent

relative humidity and 80 F. At the end of the oviposition period, adults

were removed from the grain by sifting the weevils through a number 10-mesh

screen on a rotomatic sifter. The wheat was returned to the jar and the lid

tightly put in place. The cultures were returned to the rearing room and

maintained under identical conditions as the oviposition period,

Experioental Cultures

The esqperimental cultures were maintained in one quart wide mouth jars.

Metal lids were replaced with 40-ni«sh wire screen and a piece of filter paper.

One hundred and fifty grams of wheat were placed into each container.

Next, 150 unsexed adult weevils were introduced into each jar and allowed

to oviposit for three days under conditions of appiroximately 70 percent

relative humidity and 80* F, At the end of this period, the adults were

removed by hand screening. The grain was combined and thoroughly mixed,

after which it was reweighed into 150 gram lots and placed back into the

containers. The cultures were returned to the rearing room and maintained

luider identical conditions as the oviposition period.
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Installation of the Calibrated Ocular

First, the left egrepiece was removed from the dissecting scope. Next,

the lock nut was removed from the inside of the eyepiece. Inside the eye-

piece above the lock nut there is a hollow cylinder. This cylinder was

removed and the calibrated ocular micrometer inserted into the upper exxd

of the cylindrical tube making sure that the micrometer numbers were right

side up* A circular spring was placed on top of the microxaeter to keep it

from moving if the eyepiece was inverted.

The cylinder containing the micrometer was threaded into the ocular

and adjusted xintil the lines were clear when viewed through the scope. The

lock nut was threaded up until it lasted against the cylinder. This eye-

piece was returned to the dissecting scope.

Calibration of IQlcroscope

Calibration of the microscope was accomplished by placing a calibrated

slide on the stage of the scope. Then the number six objective lens was

moved into place and the slide brought into sharp focus. The ocular micro-

meter was turned horizontal and the slide micrometer centered in the field

of view.

The slide micrometer was then used to find the distance between the

lines of the ocular micrometer. The slide micrometer was 2.0 mm. long and

divided into 0.01 mm. On high power, number six objective lens, each divi-

sion was equal to 0.0165 mm.

Staining of Grain

Daily, one jar of the experimental culture was removed from the rearing
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room. The selected sample was thoroxighly iiiixed and 100 kernels picked at

random^ omitting broken kernels. These selected kernels were placed in a

strainer and immersed in water for three minutes to remove feeding material

and to aid in the staining of egg plugs.

The wheat was then placed In acid fuchsin for one to five minutes , the

time immersed varying with the concentration of acid fuchsin. Excess stain

ms rinsed off the kernels with tap water. Due to the possibility of water

and stain altering the kernel in the last instar and prepupal stage, ijnmer-

sion time in water was reduced to 30 seconds and the time in acid fuchsin

to one minute.

figg plugs stain a deep cherry red and mechanical injuries a light

pink.

Acid fuchsin stain foimiila is as follows

t

Acid fuchsin 0.5 gm«
Glacial acetic acid 50.0 oo.
Distilled water 950,0 cc.

Glacial acetic acid ras poured into the water and mixed. Next acid

fuchsin was added to the glacial acetic acid and water mixture. This

solution may be stored for a long period and used repeatedly until it be«

comes murky (Frankenfeld, 1948 )•

Dissection Procedure

Immediately after the grain was rinsed of excess acid fuchsin, the

kernels were placed on a paper towel on the dissecting scope stage. Using

low power, 15 kernels with egg plugs were removed from the sample and 10

larvae were removed.

Removal was accomplished by holding a kernel with forceps and cutting

it open ivith a scalpel. In the first two instars, the larvae could be found
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more readily by making a small notch on one side of the egg plug, then

making a cut on the opposite side of the egg plug and with a twisting

motion of the scalpel, the kernels were opened. The kernels usually-

cracked across the larval tunnel. Latter Instars could be found more

easily by splitting the kernel down the crease. Each larva was placed In

a gelatin capsule until measvired.

Each larva was placed on a glass microscope slide and the head capsule

removed, T»»o Insect pinning needles vfere used to cut off the head capsule.

Measurement

Head capsules were mounted In balsam on a microscope slide. The head

was placed with the occipital foramen down and the cojronal suture vertical.

Each head capsule was dissected, mounted and measured separately.

Measurements were made using a calibrated ocular In a broadfleld, dis-

secting microscope. The scale of the ocular was horlssontal and the head

capsule measured In the center of the field of view. High power of 90 X

was used. Each calibration mark of the ocular was determined to be equal

to 0.0165 mm,, and the head capsule width was estimated to quarters of a

calibration or 0.004L mm,

RESULTS ANU DISCUSSION

In Tables 1 to 4« the head capsule widths of the various Instars of

the granary weevil ranked from the smallest to the largest are shown. The

numbers observed by replicates are Included as well as the total for the

whole study. Total number of larvae observed are recorded by Instar for

^ All tables In the Appendix,
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each replicate and combined replicates.

Tables 5 to 8 show the head capsule widths of the large strain rice

weevils, ranked from the smallest to the largest* The same infozmation as

in Table 1 is recorded here.

In Table 9, the head capsule widths of Sitophilus from several sources,

including known large and small strains, have been rounded off to two digits.

The head capsule measurements are arranged by instar for minimum, mean and

maxiomm widths, except viiere only the means were recorded*

In Table 10, the observed mean head capsule widths for each instar is

compared with the calculated widths obtained by Dyar's Law for the large

strain rice weevil and the granary weevil* The differences are shown in

the right hand column* A constant was found by dividing each instar mean

by the one preceding it. The quotients are added and the sum is divided by

the number of divisions made.

Table U shows the variance of the head capsule measurements which were

obtained by subtracting the smallest larval head capsule width from the l&i^

est width within the instar. This information is Usted by instar for tho

•mail strain rice weevil, large strain rice weevil and granary weevil.

In Table 12, the largest number of head capsules observed in each

instar is recorded in days from the first day that the parent stock was

introduced for oviposition. The pupae are listed as the highest number

observed, but the peaks may not have been reached at the termination of

the experiment*

Plate I is a graphic illustration of the head capsule widths of the

granary weevil larvae in Tables 1 through 4> except that the numbers were

1 All Plates in the /vppendix*
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rounded off to two digits at the right of the decimal. The widths are

plotted viith the frequency of observation.

In Plate II, large strain rice weevil head capsule width data were

taken from Tables 5 through 8 and plotted as in Plate I.

Plate III is a graph of the number of head capsules of the granary

weevil observed by instars in days from the first day of aiqjosure of the

wheat to adult weevils for oviposition. The forms shown include egg, first,

second, third and fourth instars, and pupa up to the termination of the ex-

periment*

Plate IV shows the same Infoitnation for the large strain rice weevil

as in Plate III for the granary weevil.

Head Capsule ..'idth

Head capsule widths of the granary and large strain rice weevils, as

shown in Tables 1-3 and graphically illustrated in Plates I and II, show

the divisions between the larval instars. Plates I and II do not show as

wide a division between instars as Tables 1-6. This is due to the round-

ing off of numbers to two digits in order to be directly comparable with

other published results. The divisions were made from the data in Tables

1-6, the largest break being used as the division. The break between the

third and fourth instars of the large strain rice weevil does not coincide

with the fewest number of head capsules (Plate II),

The number of head capaules in an instar rises to a peak, drops off

sharply and then tapers off on the larger side.

Mean head capsule widths as shown in Table 9, were compared with

Dyar's Law (Imns, 1924). The largest deviation of the observed mean from

the calculated mean was 0,02 mm. in the fourth instar of the granary weevil.
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Analysis of varlanoe showed that 97 percent of the total variation was due

to instar effect.

The number of granaiy weevil larvae observed in each instar is shown

in Tables 1-4 as 154» 1^7 « 128, and 261 respectively for instar one through

four. Differences in the numbers observed in the four instars were foxind to

be due to the differences in the length of each instar and the overlapping

of instars, thus several instars being found on the same day. For example,

on the 17th day there were found to be one 1st, eight 2nd, twenty 3rd and

one Uth instar lainrae present.

The length of time of each instar was 11, 15, 19 and 16/ days for in-

star one through four jrespectively (Plate III), Due to the termination of

the head capsule measurements on the 33rd day, the fourth instar appears

to be shorter than the third. If the fourth instar were extrapolated to

completion of all larval development, it would undoubtedly be the longest

instar.

Since a few of the specimens develop very slowly, the head capsule

measurements were terminated when a low level of lai^ae was found.

In Tables 5-8, the number of large strain rice weevils observed in each

instar is shown as 162, 129, 137 and 258 for instars one through four respec-

tively. Plate IV of the large strain rice weevil gives the following days

in each instar for instars one through four respectively: 10, 7, 9, and

11/ • i»s with the granary weevil, the differences are mainly due to the

overlapping of other instars and length of instars.

Variation Vithin Instar*

Head capsule width variation within the instars of the granaiy weevil

is least in the first instar and increased through the remaining three
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instars. The large strain rice vfeevil instar variation is least in the

second instar, being greater in the first, third and fourth instars re-

spectiveljr, as shown by Table 12, A sijidlar order of variation within in-

stars was also obtained for the small strain rice weevil by O'Donnell (195i>),

Development Time

Development of the large strain rice weevil from egg to pupa was much

shorter than the development of the granary weevil (Plates III and IV),

This aa-y be due to the time of the year the insects were reared. It is

possible that weevil development slows down in the winter even though con-

ditions remain constant in the reaidng room. Granary weevils wei-e reared

November 23 through March 5, 1957, v*iile the large strain rice weevils were

reared March 13 through l!ay 17, 1958. Table 12 shows that differences in

developmental tiine between the two weevils increased with each successive

larval instar and pupa.

The number of larvae in any instar rises abruptly to a peak, drops off

sharply and then tapers off gradually in the latter days as shown by Plates

III and IV. This gradual tapering off may be the result of natural vari-

ability of the weevils, sane abnormality within wheat kernels, or the three

day oviposition period.

Overlapping of instars is greatest during the fourth instar, followed

by the third, second, and first instars respectively. This overlapping jaay

be due to one or to a combination of the following possible reasons: the

three day oviposition period, an inherent variation in the weevils, or

variations in the nutritive values of the wheat kernels.
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SOMMARY

This QXperiment was designed to obtain head capsule width measure-'

merits and times of development of the four larval instars of the granary

and large strain rice weevils.

The granary and large strain rice weevils were allowed to oviposit

for three days on 150 grams of sterile Pawnee hard red winter wheat of

13*5 pei'cent moisture. The weevils were removed at the end of the ovi-

position period and the cultures were maintained in the rearing room at

80* P. and a relative humidity of 70 percent until needed,

£ach day, a random sample of weevils was removed from the rearing

room. The sample was stained with acid fuchsin and 15 infested kernels re-

moved. Ten kernels were dissected and the laJTvae removed. The head cap-

sules were reuoved and mounted on a micz*oscope slide in balsam. The head

capsule widths were recorded.

The measurements were grouped by obvious divisions present. Instar

meaxi head capsule widths compared favorably with Dyar*s Law. Statistically

97 percent of the variation was due to instar effect. Variation within in-

stars was least in the second instar of the large strain rice weevil ajnd

increased through the first, third and fourth instars, respectively. The

granary weevil increased in variation from the first through the fourth

instar.

There was considerable overlapping of the instars in the period of

development.
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Table 1. Head capsule widths of first instar grajmry weevil larvae.

i "'t nr -T — -T

Head capsule , Replicate
:

Replicate X Repl i cate • Replicate : Total

vddth (mm.) 1
I

2 i 3 t 4 s

0.172 . 1 ^ ^

0.176 «» X «> Mt

0.213 1 » - <-

0.221 3 I «• >

0.223 - •w 4 1
0.225 1 «» - «•

0.230 4 2 - «»

0.231 - - a
0.234 - •• «•

0.235 - «•' 3
0.238 4 4 <•

0.239 m «. 2 5

0.243 - •k f 11

0.246 10 •• 3S

0.248 • •> 6 23

0.252 «» «• 10 13

0.254 4 6 - 10

0.256 «> 1 % U
0.260 • • X 4

0.262 « } • 3

0.264 * f le

0.268 » »• 1 1

0.271 «M 1 • 1

0.272 «• •> 1 2

0.276 «• • 2 2
*

0.281 •* «> X 1

0.285 • • ** 1

Total 27 28 50 49 154



«5

Tata* 2. Hmu) oiipaule widtha of B«ootKi iiuit«r gnuwry hmtU Iatvmi.

NMd ^i^tiule * ^tApIiOftU ' K«pliO&U *
i er«liobt« * H«pliMU < 'lotal

wjuttii (m*)
I 5 1 a » 3

' 4 *

« « t » t

0.303 ^ » m X
0.305 •f a m a
0.309 a> 1 m 3
0.310 <» * «• 1
0.312 X «. «. 2
0.320 a «• w 4
0.322 m 1 w 1
0.326 m a m 2
0.528 1 m «• xo
0.330 M T X 6
0.334 m a a 4
0.336 m •• <» 3
0.338 (» I a 5
0.342 M a m 2
0.344 • «» m 5

0.347 «»

i
4 6

0.351 «» 4 10
0.353 X m • 4
0.355 •» 4 a 6
0.359 «. a 3 5

0.361 Jl w *. 4
0.363 4. 4 1 7
0.367 «> 1 a 3
0.369 9 '«. «* 4
0.371 m «» X 4 7
0.375 m m •• X 1

0.377 m X <• w X
0.310 * m X

{
4

0.3S8 w m X 2

0.392 «» m « X 1

0,39*^ X 1 • • 2

0.402 * X «> «. 1

0.408 «t «» «• X X

o.a7 m m 4. X 1

0.421 m «» X •> 1

0.425 * .» • X X

TteUl 23 19 47 98 127
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Tabl«3. KtMt MiMraXt widths of third instar ax^mry mmnfil larvae.

Htad rnpanl* * EqpUc&ta ' Heplicat* * II«pliO*t« * haplioat* * ToUiX

iddth (bmu) « X ' 2 * 3 ' 4 1

t 1 , , „ ,

t 1 «

0*lM m «• X X 2
©•450 m «i •> X X
0.45X m 1 •> m 2
0.454 „ w X m X
0.45« m «• X m X
0.459 X s w m 4
0.462 m Ml > m 3
QM7 1 X m m 4
0.470 i» m X m X
0.476 1 5 «, m 6
0.479 m tm a X 3
0.483 m «» X m X
0.484 I X «• m 2

0.487 m m
s

4
0.491 m <» 4
0.493 7 3 •1 10
0,495 «» •» a 3
0W»99 m «, «» 4
0.500 a 9 m 4
0.5Q3 ,» «» a 4
0.507 •• m a 3
0.5X2 « m a 7
0,5X6 mt m a 5
0.5X7 4 X • 5

0.520 m m 4M X
0,524 m * X 2

0,$2f 1 X m 2
ciat «• m 9 6
0.532 m m m 2

0.536 m m m X

0,540 <m m X 2

0.54X 1 X •• 2

0,545 m m * 4
0,549 m * 1 2

0,557 m m w X

0,558 m X m 1

0,561 «• m <m 1

0,565 • «» X 2

0,573 m «» X «• X

0.578 • m a * 2
*

0,582 I m • • X
1%

0,586 m M 1 m X

0,590 % w X M 2

0,594 m «» X 9 4
•

0.598 X * • «• X
X
'Mb0,599 X m 4» m

0,606 m m a m 2

•toUX 9$ A u a X28
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TAbl« 4. Hwul e&paul* widtha of fourth instar fprunary vMvil larva*.

itead Mpnil« * Repiic&t« * Hsplle&t* * rceplic&t* * lieplieatc1 * Total
width (am.) « 1 « 2 » 3 * 4 1

I t t t t

0.615 2 2
0.623 * «» » 1 1
0.627 «> m> at 2 2
0.63X •1 X « 2
0.635 • m 3 5
0.639 <* m 3 5
0.640

i
3 w 6

0.6A2 .. 1
0.644 m m 3 5
0.648 3 1 3 13
0.650 2 4* 2
0.652 • am 1 4
0.656 4 4 i U
0.65d « 1 • 1
0.660 4m m 6 U
0.664 3 X 4 12
0.668 m <» 2 5
0.672 4 4 X 10
0.677 m m 5 9
0.661 s 4 8 22
0.685 m 6 9
0.669 8 X 9 17
0.693 •» « 4 U
0.697 3 3 1 9
0.701 •» m 4 6
0.705 1 8 6 11
0,710 m m 5 7
0.713 i a .• 4
0.714 mt «> 2 5
0.718 m .• 1 4
0.722 a 1 5 10
0.726 • «• 3 8

0.730 X I X 4
0.734 m am 2 4
0.738 X m 1 4
0.743 tm m 2 3
0.751 «» m • 2

0.755 <• m < 1
0.759 » m 1 3
0.763 X m «* 1
0.771 m m 4. 1
0.776 m m tm 1
0.780 t» «> • 1
0.792 m m • 1 1
0.813 m m X m 1
0.821 • " • X 1

1I»U1 38 38 •7 n 261
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tKblm 5. HMd ««p*ul« «ddth« of first iiuUr largt strain

rlM «MVil l«nm«.

fteftd oapmtU * R«pUc&t« * Hepaioata * K«plie«t« ' Raplioate « Itotal
•

width (m.) » 1 » a * 3 * 4 1

t • t ,?.,...-
I

0.182 X «. 1

0.1% a • •• 2 4

0.198 a a 2 7

0.202 a 3 1 10

0.206 1 3 3 8

0.210 1 a 4

0.215 xo u 2 31
AM

0.219
0.223
0.227

4

4

4
1
1

7
5
6

22
U
15
19

3

i

0.231 6 4 3
1
1
I

0.235 2 2 •

0.239 2 1 •

0.2ii3 2 - •

0.252 2 1 •• •»

0.256
0.26A

1
1 • 1

mi

1

0.268 1 2
«

m

0.272 •• * 1

mui 44 40 37 39 ua



27

Tatol* 6. H»ad o«p8ul« widths of s«oond instia* l^rgw atrbln
vise weevil larvae.

HtmA c&p«ul« * iii|)lioat« » ilepUcttte * H»pIleAt« * B«pUcat« » Total
width (ara.) * I « 2 * 3 » 4 t

J
,

,

t 1 1 i

0.276 «» I X
0.281 «. •» 1 - 1
0.2SSI m S 1 1 4
0.289 m 1 X 3
0.293 I a t 7
0.297 1 1 9
0.301 8 4 9
0.305 5 a
0.309 3 a K)

0.3U
i

16
0.318 7
0.322 X s 8

0.326 a 4 12

0.330 5 3 12

0.334 w «» 2

0.338 a 5

0.342 I 3

0.347 X 4
0.351 m X 2

4

0.355 X «. «. «• 1
0.363 •* m a 3 5

moUO. m Jf 27 35 129
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Ublm ?• Hand oupMle wldtlu of third instttr l*rs« •train
rice i«««vil larvae.

I HapUe&t* * iisplicitte > HApliOAte ' httplioata * totaX
width (an.) » 1 « 2 ' 3 ' 4 i

1 ) » « i

0.380 mt 1 tm

0.388 m «» 1 •

0.392 « 4K • 1
0.396 • 1 - 1
0.i|00 » • 2 •
0U»13 1 - 1 I
OJM X 1 «• -

O.A2$ - 1 - tm

0,U29 «• 2 3 mm

OA33 2 - 1 1
0.i^ 1 1 1 a
O.Aa •> 1 « 2
0,itU> 1 - 1 X
0.450 1 3 1 3
0.454 1 1 - a
0.458 3 3 - X
0.462 1 2 3 X
0.466 2 • 3 X
0.470 •• S 1 ••

0.474 2 1 «• X
0.479 4 3 1 3 u
0.483 1 • 3 X

\0.487 2 •• 3 X
0.491 1 1 » m a
0.495 3 1 2 3
0.499 •> 1 «i X
0.503 1 - X X
0.507 •• - 2 X
0.512 1 1 1 <•

0.516 «> > 4 X
0.520 2 9m • •
0.524 « 2 • .•

0.528 •» I 2 •
0.532 m. mm 1 .•

0.536 1 m, mm .»

0.545 • «w 1 •
0.557 1 •- . •
0.561 «• • . X
0.565 - - 1 a

Total 39 31 40 33 137
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Ikhl* 8. HoMi capsule Yfldths o£ fcKirth insUor l&r^e atridn

r4

rice vMvil larvae.

Btad captula : R«pUe«te : Hepllo«t« : Keplie&te

'i ....I...- .1)

: iieplioate - Total
iddth (m.) 1

•

2 3
• : ^

0.578 1 .. 9 4
0.582 • 1 • X a
O.IM 4» 31 m X a
o.m mt f m X 4
0.594 X 1 X X 4
0.598 4 «' « 7
Q.iQ^ i • m 9
0.606 m X X 9
0.611 1 4 a i
0.615 m X 9 20
0.619 1 m w 9
0.623 • m a 4
0.627 2 X 4 U
0.631 t

I
4 U

0.635 t a 7
0.639 t a a 7

0.6A4 4 9 9 12

0.648 I a 4 10

0.652 8 m <• 4
0.656 9 a

?
13

0.660 4 14

0.664 1 f X U
0.668 8

?
• 6

0.672 a a 7

0.677 • > 4 17

0.681 a X a 7

0.689 1 OT • 1

0.689 5 a
i

JLL

0.693 « 1 U
0.697 « m 9 5

0.701 « m m 2

0.705 X a a 8
60.710 M a *

0.714 a X m 3

0.718 « •» m X 1

0.72a «. X • 1

0.726 «» <• • a 2

0.734 X « X «
A

2
30.743 X <• • a

0.747 m •» X X
X

2
1
1

0.751 • « m

0.759 «. M> X mt

0.763 m X • w 1

0.796 mt *. X •• 1

Tbtftl 66 9i 69 7X 258
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Table 10. A comparison of the calculated and obsenred mean
head capsule widths (in millimeters) for the four
instars of the large strain rice weevil and the
granary weevil using Dyar's Law,

Instar '

:

1

Byar's Law
calculation

1

:

}

Calculated t

t

Observed '

1

' Difference

l^^^. otrain liice Weevil

I - - — 0.22 0.0

2 1.A4 X 0.22 0.32 0.32 0.0

3 UkU X 0.32 0.46 0.47 O.Ql

4 1.44 X 0.46 0.66 0.66 0.0

Granary weevil

I ^ - — 0.25 0.0

2 1.40 X 0.25 0.35 0.35 0.0

3 1.40 X 0.35 0.49 0.51 0.02

4 1.40 X 0.49 0.69 0.68 0.01



fahls Xl« Vcjrianiw of bm& cwpaul* mmmarmantB beimMKi tht
lArgttt Mad MftllMt indiiridaala vdthln m Uutar
(IBM.).

inatar

1

t

1

2z^
Instar

i

1

t

3rd
inaUir

t

}

t

4th
inst&r

awU strain rie« wtrriX 0,06 0.04 0.09 oas

Lavi* •tnULn rio* wmvU 0.09 0.06 0.X9 0.22

Granary iievvll 002 0.13 0.16 0.20

TftbJL* 12* Fmk mmbwm ot h«ul Ottpaule* obtanrvd In mcii insUr
and piapa (in days).

scsc

1st > 2nd I >d < 4th *

instar * instio* * instar > insUr * PitpaX
LfeTft ttvttin ries wssvil 10 12 X| x,9 29^

Crttnuy »m¥U 9 Ik If Z$ ^^
Differsnes A *d «*3 "^ •%{
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EXPLANATION OF PLATE III

Number of granary weevils observed in egg, lat, 2nd, 3rd, 4th

instars and pupa in days from first day of exposure of the wheat to

the adult weevils for oviposition.
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EXPLANATION OF PUTE IV

Nuober of large strsdn rice weevils observed in egg, inst&r

1st, 2nd, 3rd, Uth, and pupa in days from first da;y of exposure of

the wheat to the adult weevils for oviposition.
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The object of this work was to determine the head capsule measurements

of the four instars of the large strain rice weevils Sitophilus oryzae L.^^

and granary weevils sitophilus aranarius L,, breeding in wheat under standard

conditions and to compare these with other published measurements of larval

rice and granary weevil head capsule widths.

Grain used in Uiis experiment was cleaned, sterilized and tempered.

One hundred and fifty grams of 13.5 percent moisture wheat were placed into

each container. One hundred and fifty unsexed adxilt weevils were allowed

to oviposit for three days, after which thoy were removed and the cultures

returned to the rearing room. The rearing room was maintiiined at approxi-

mately 70 percent relative humidity and 80 F»

Daily, one jar of the experimRntal culture v*as removed from the rearing

room and a sample of 100 kernels was removed and stained in acid fuchsin.

After staining, 15 kernels with egg plugs were removed from the sample and

10 larvae dissected out.

Each lairva was placed on a glass microscope slide and the head capsule

removed. The head capsules were mounted in balsam, on a microscope slide,

with the occipital foramen down and the coronal suture vertical.

Measurements we]:*e made using a calibrated ocular in a broadview, dis-

secting microscope. Under high power of 90 X enlargement, head capsules

were measured to O.OI65 mm. and estimated to O.OOAl mm.

For comparison, the minimum, mean and maximum head capsule widths by

instars are shown in tabular form. Mean head capsule widths were compared

with Dyar's Law and found to be comparable, the largest deviation being

0.02 mm. Analysis of variance showed that 97 percent of the total variation

was due to ins tar effect.

Head capsule width variation within the instars of the granary weevil



was found to be least in the first instar and increased t];irough the

remaining three instars. The large strain rice weevil instar variation

was least in the second instar, increasing in the first, third and fourth

instars respectively, a siinilar order of variation within instars, aa

found in the large strain rice weevil was also recorded for the small

strain rice weevil by O'Donnell (1956).

The developmental period of the large strain rice weevil from egg

to pupa was shorter than XhsX of the granary weevil.


