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The purpose of this invesgtigation was to learn some-

uged as food media on the biology of Cryntolestes

thing of the effects of milling fractions of bresd

s

iheat

surcicus

when

and

4

Cryptolestes ferrugineusg. lost of the experiments

o

in the laboratory at conbtrolled

temperature and relat

vere

done

idity. One experiment wag done in & flour mill where adults

of both species were caged in sealed tins in the

Fh

A total of three grades o

used as food media throughout the investigation.

I

chines

&

four milling fractions were

levels of temperature and relative hwridity the foods signifi-

cantly altered the rate of development, survival,

of both svnecies of insects. In the laboratory,

conditiong of temperature and relative huwidity which wer
eguivalent to thoge obtained in mill sbocks in milling me
both C. turcicus and C. ferrugineus produced the mogt off

in 80 days on the tailings fraction, fewer on the break

Q

grade and much fewer on the middlings fraction.

U

g

individvally in the laboratory, C. ferrugineusg la

or fecu

ndity

under controlled

‘hen rear

e

chiner vy

‘snring

and low

red

rvae developed
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ii
When reared in sealed containers suspended within the
willing machinery, C. turcicus produced roughly half as May

offspring as did C. ferrugineus. C. turcicus increased mogh

rapldly under these conditions on the break fraction, fewer
on middlings, low grades and taeilings in descending order.

1iddlings was the best food medium for the inerease of (. ferr-

£3

“hig order of fractions as they affected the increase of .

ferrugineus is different than most of the other results, and

may be due to the fact thet the containers unsgsed to hold fShe
ingects were sealed.

It is an established fact that ¢. turcicus is an econ-

omic pest in flour mills in temperste regions of the world.
The comparative results obtained in this investigation indicate
that on the basls of the three criteria - rate of developument,

survivael and fecundity - &s debtermined in the laboratory, Ce

ferrugineus may algo become a mill pest in these regions.
On the bagis of rate of development of C. turcicus,

o]

fumigation or cleaning of mill machinery would have to be

et

s

{

repeated once every Iour weeks if each generation of the insect
was 50 be controlled. iiachines containing tailings and low

4

grade stocks would probebly be the first to show the presence

of a buildup in ponulation of . turcicus.
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The Food and sgriculture organization of the United

Hations has estimated that ten per cent of the world's food

.3

this lossg

=

supply is destroyed by insects each vear. kuch o
ig caused by insects that attack stored grain and cereal
nproductse. There may be further logs of food through contamin-
ation by insect fragments and excrets which can render
unfit for huwman congumption.

tuch of the losg currently suffered by the grain and
milling industry may be eliminated by raising mill sanits
standards and improving storage btechniquesg. Gray recenbls
stated "survival of the cereal product manufacturer in this
highly competitive field will depend in no small part on
his ability 0 meet the rising standards of wmill sanitation”
P

(1950). 1ill sanitation is becoming more important as
ed

world markets expand and Canadian grain and mill cereal

JERN

products compete with products from other countriess

"

'he problem

t0o learn

biolozy of the flat grain beetle Cryptolestesg turcicus (Grouv.)

and the rusty grain beetle Cryptolestes ferrugineug (Stephs)o

A review of the literature has nroduced
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Z
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tion on the life history and habite of C. turcicus. In add-

-

ition, most of 1¢d results are based on laborutory

investigations where the food media were linited to whealt or

jo T}

wholemeal flour plus yeast, and therefore cannot be relsate
to actual wmill conditionse.

The biology of Ce« Terrugineus has been investigated

l_.l

L9 67

[\)

by several workers (Rilett, 1949; Bishop, 1959; sSmith,

mined in the laboratorve. It is not known whether this insect

can become established in flour mills in

Cryptolestes turcicus is an imvortant pest of flour

lls in Canada and meny other milling centers of the world.

Cryntolestes ferruginens isg & will pest in the tropics and

tant pest of stored grain in temperate regions. It
is presently believed that this insect may gain access to
-

milling machinery with incoming wheat. Do develop the most

effective methods of control for both these species of insect

the nesto.
some workers feel that moigbture ig the mogt important

factor governing where large populations of C. turclcus may

3

v

build up in milling machinery and that nubtritive value of



the milling fraction has little conseguence in this regard

7

(Dyte, 1960). This thesis revnorts on an investigation of the

A

18l usSed

joX)

foo0d

w
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s

o2

efects of milling fractions of bread wheat w
media on the rate of development, survival and fecundity of

errugineusg at variousg levels oi tempera-

Fa

Cs fburcicus and Ce.

ture and reletive huwmidty with a view towards improved: control

measures for C. turcicus and an assessment of the possibility

0% C. ferrugineus becoming a mill vest in temperate regions of

—

the world.

Crganigation of the thegils

.ot of the experinental work wag done in the laborabtorye.

milling frac-

[
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O
|
h
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By reering both gpecies on three grade
tiong it was possible to lnvestigate the effect of food on

rate of development, survival and fecundity; the relative im-

n

portance of environmental factors such a

1

i

[

temperature and rel-

(2]
&3]

I8

gtive humidity and nutritionsl fectors such ag food tyove and

narticle size on the rate of increase of the gpecies

ke]

eared under actual flour will

n

Both species were also 1

.)

onditions. Dhis allowed a arison wWith results obtained

in the laboratory znd also permitted & more valid assessment

of the poseibility of C. ferrugineusg becowling a mill nest in

erate reglonge.

Comparative hiological information comcerning the two

species and a short description of the process of milling

wheat have been included to orisntabe the reader.



N
L

-

The chapter dealing with general literature has besn

set apart, while literature dealing with the specific areas

he pregent ilnvestigation hasg been included in the dig-

cussion of the anpropriate cl

nters.




REVIEW OF

There are three specles of the genus (ryptolestes,

o

namely C. ferrugineus, C. turcicus and C. minubtus (0l.) that are

pests of stored grain and/or milled cereal products in Horth
America (Bishop, 1960). There has been gome taxonomic uncer-
tainty in this genus and in certain gpecies of the genus. Frior

g

to 1955, the above mentioned specles were in the genus Laemno=-
do

phloeusg (family Cucujidae), but in that year the specieg of the

genus which attacked stored products were placed in the genus

w

57}. Some of the confu-

i_-

Cryntolestes (Howe and Lefkovitch, 1

Q

sion over species resulted from the difficullty of sevparatin

0

o minutus and C. turcicus (Cotton, 1950; Howe and Lefkovitch,
1957). Watters (1953) referred to C. pusillug (Schonl.) (min-

utus) when, in reality, he was probably dealing with C. turc-

icug. Reid (1942) listed the morphological characteristics
which could be used to separate the adult insects and Bishop
(1960) outlined the morphology of the larvae.

Surveys conducted in the United States have shown thatb

gspecies of Cryptolestes are common in stored grain. Hlat grain

beetles were among the most common specles of insects in saumples
from grain elevators in Oregon (Swenson and Tunnock, 1957) and

in traps located near & wheat storage area

o
b

were also caug

in ¥aensas (Cotton et al, 1953). A survey of some California



granaries indicated that C. Terrugineus and C. minusus were
secondary vests which were encountered a little less Ired-

uently than were flour beetles and saw-soobhed graln beetles
(Linsley and ilckelbacgher, 1943}, (. minubusg was among the

most common of five swnecies recovered in r tating traps in a

grain storage area in Kansas (Schwitzgebel and Valkden, 1944).

Cryptolestes svp. were found in 45 of 544 ships euntering the

ports of lontreal, Sorel, ihree Aivers and luebec City during
1948 end 1949 (lonro, 1951). During 1944, 1945 and 1946, a
otal of 25 of 100 ghips used in international trade, and

were found to be infested with one

P
e}
-
o
P
o)
«Q
o
-
.
D
je]
fte
i
L
]
Co
b
59
s
foi

or more gpecies of flat grain beetles (Freemsn, 1947). Howe

and Lefkovitch (1957) identified Cryptolestes sppe collected

ocecurrences nd 23 of C. turcicus. OFf 30
collectiong of C. turcicus found in produce from various

ik

parts of the world, Howe (1955) ren

were Irom

Howe and Lefkovitch (1957) have shown C. turcicus o

in fliour millsg in ©

Uruaguay, srgentina,
UeSols, 1i0T0CCO, .lgeria, Greece, Tunisis and Turkey, while

malmond (1956) recovered . ferruglneus, O. turcicus and (.

minutus from a £lour mill in Scotland. Tn this inghance

wwever, he referred to C. minutus as a secondary nest and

4

did not comment on the importance of the other HWo. Howe




(1955) stated that C. turcicus was common in Europe, and

although it was especially abundant in flour mills in Brivain,

it was seldom found in any other kind of premises. Ze also

indicated that there was relatively little reliable published

h

information on the world distribution of this species. C.

turcicus was first noted on a window ia a flour will in BEngland

by Joy in 1225, but was not recorded as being in a flour mill
stream in England until 1950 (Williems, 1950). Lefkovitch

(1962) stated that C. turcicusg is fairly common in provender

1 )

mills in England, but i not present in flour mills in the

tropics. Howe and Lefkovitch (1957) s2id C. ferrugineus had

been recovered from mill mechinery on several occasions in

Britain, and Lefkovitch (1968b) indicated that it is the

cormmon mill pest in tropical countries. It has been suggested

by Howe and Lefkovitch (1957) that "the food and environment
in machines of flour millg gives C. turcicus some advantage

for survival over other species of Crypbolestes’.

Several gpeciles of Cryoptolestes have been recorded as

vests in flour milles in the United States. Shepard (1947)
stated that C. minvtus was the most common of the genus in

flour mills while C. ferrugineus was less common but fed on

<

flour or meal as did C. minubus. He recorded Co turcicus
Ju e

from one mill in liinneapolis. Cotton (1950) stated that C.

minutus and C. turcicus which is very similar in appearance

to C. minutus were not primary pests but were scavengers
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which fed cn grain and meal which was out of condition, and

i

on thig type of food the snecies could become abundant in

TN

mill boots and gifters. ALccordin

(91}

ton (1950), ¢. ferr-

ugineus was more comnon in grain in the Horthern gstates.

winter survey of flour millsg in the Buifalo, Hew York ares

ghowed C. Terrugli
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mills and more common than C. turcicus (Rilett and Weigel,
1956) .
Co burcicus is commonly found in flour mills through-

out Canada (Liscombe, unpublished data) but C. ferrugineus

is rarely Zound. C. turcicus has been recovered Ifrom elevaior

dust bing in rural _anitoba, but it was not recovered in a

A recent survey of stored grain in the State of Vagh-

while Cotton (1962) stated

in stored grain in 12 States of the United

vrovince of Britvish Columbis. efkovitceh (1962¢) referred to

Torth America as the only port of the world where C. turcicus

would breed on unprocessed grain.

has been reported as the most serious

negt of stored grain in Western Canada (inon., 1943; .nderson,

59). It has algo been common in gtored



grain in jinnesota, Iforth and fouth Dakota =nd Lontana (Butler
end ickel, 1955) and the ¥illamette Valley of Oregon (Vialker,

1960). Farrar and #lint (194%) stated that C. ferrugineus

was one of the six svecles of insects which resulted in the
iwost acute storage problems with shelled corn in Illinois.

Specimens of Cryptolestes spp. captured in traps in a raisin

storage yard in Californis (Barnes and Kaloostian, 1940) were

later identified to be (. ferrugineus by Bishop (1859). The

ch
(12}
z:h
e

rusty grain beetle 1s common in grain and stored produc

Engleand (Howe, 1951), in Znglish granaries (Coombs and Free-

.

man, 1956) and in various products from If. Nigeris (Howe, 1952)

o

ligeria (Cotterer, 1952). Lefkovitech (1962bh) stated

~3

that C. ferrugineus gaing accesg to milling machinery with in-

goming graine.

The true importance of Cryntolestes sppe. in grain and

A5

1 products lies in the actual damage they cause. It is

o
9]
5
D
o

£

i

1l

1

ficult to assess the damasge by species that infest flour
mills ag it is impossible to determine the amount of food
consuimed or conbtaminated (Lefkoviteh, 1962b). Present Food
and Drug laws prohibit the marketing of contaminated food for
human conswmption, and a badly infegted mill may be closed
down 1f it can be proven that it is producing adulterated Lfood.
It ig much easier to realize the damage doune to stored

g2

grain due to the presence of

i

gpecles of Cryntolestes which

cause grein to heat. This phenomenocn was attributed to the



minubug (Anon., 19561).

e

Cne of the guesgtions concerning insects which attack

gtored grain is whether or not the vest is considered 1o he
o k=
thoge that atback

gound grain and cause heavy losses. Secondary pests cannob

attack sound grein and generally follow or are found in ass-

ociation with primary vests. Secondary pests are considered
lesgs dangerous from the standpoint of economic losg than are

primary pesise.
Fraenkel and Blewett (1943), Davies (1949), Rilett
(1949), Cotbton (1950) and ¥reeman (1952) stated that various

members of the genus Crypbclestes are unable to feed on sound

grain, thus relegating them to 2 secondary roll. Butler and

dckel (1955) found on microsceopic examination of 1000 sound

kernels of Ho. 1 Horthern sv»nring wheat that 52.8 per cent
had fissures over the germ large enough to permit oviposition

by £lat grain beetles. They suggested that Cryptclegtes sppe

were not dependent on the presence of other insects for est-

ablishment and could, therefore, be considered primary pests

of stored grain. Lucas and Oxley (1946) found immature forms
of flat grain beetleg living within the kernels of wheat and

to the nsked eye. It ig now well establighed

leagt C. ferrugineus is & primary pest in Canada




11
(Lnon., 1943; Ainderson, 1956; Watters, 1959; Liscombe and
Watters, 1968).

The country of origin of C. turcicus has been quest-

ioned by several workers. Howe and Lefkoviteh (1957) stated
the species was nrobably native to Turkey and may have entered
flour mills in the uediterranean area by flight and thence %o
Britain on imported Llour; or on wheat imported from the Un
States. 4fter conducting a survey of recorded information,
Davies (1949) stated that C. turcicus was cosmopolitan in dis-

tribution while Howe (1955) refuted this assumption as there

~

was little relisble published information on the distribution
of the pest. Lefkovitch (196Zc¢c) stated, "on intuitive grounds

I believe 1t Lo be & North American speciesgs’.




GENERAL LETHODS AND MHADERIALS

Collecting, rearing and handling of laborstory insect cult-

ures

Adults of each species of insect used throughout this
investigation were obtained from laboratory cultures started
from separate sources in Manitoba. Original individuals for
the culture of C. turcicus were obtained from a flour mill

in Virden. %The individuals for the C. ferrugineus culture

originated in the annex of a commercial country elevator at
Gretna.
Stock cultures of (. turcicus were reared on patent

flour to which had been added five per cent by weight of fine-

ly ground wheat germ. Stock cultures of C. ferrugineus were

reared on € Northern spring wheat conditioned with waber to
give a mbisture content of 16 per cent. Conbainers consisted
of wide mouthed gallon jars fitted with filter paper lids
which were sealed on with hot paraffin.

The moisture content of the wheat used for the cult-

ures of C. ferrugineus wag determined with a Halrogs dielec-

tric moisture meterl. inderson (1956) reported that the stan-
dard error of estimate of this meter, compared with the 3Brown-

Duval method, wag 0.27 per cent in 554 samples of wheat with

molsture contents ranging from 1l2.2 to 17.6 per centbe

lC&ﬂaaian Aviation Electronics Ltd., Winnipeg, lianitoba
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The cultures were kept in rearing cabinets maintained
at 80%1%%. and approximately 75 per cent relative humiditye
To obtain adults for the various experiments, the food
medium in the stock cultures was sieved through screens of
various size mesh o concentrate the insects in a small amount

of the food mediume. With C. ferrugineus, the concentrated

medivm containing the adults was piled on top of an inverted
petri dish in a tray. fThe adults guickly crawled to the edge
of the dish and fell to the tray below. With C. turcicus,
the concentrated medium was placed on a viece of white paper
which was shaken to remove the medium and pupal cases while
the adults and larvee clung to the paper. The adults were
picked from the paper with & camel hair brush.

Eggs of both species were obtained by placing adulbs
in flour which had previously been passed through a 100 mesh
to the inch sieve. The eggs were removed each day by pass-
ing the egg laying medium through an 80 mesh to the inch
sieve. This allowed the flour to pass through readily and
the eggs were retained.

Farly in the course of the investigations the sbock
cultures of both species became infested with mites. hen
this occurred, the adult insects were separated from the
mites with fine sieves and new cultures were set up. ©The
culture containers were later set on netal legs in a tray

of number ten motor oill, after which there were no further




difficulties with mites.

Sexing of C. turcicus was based on length of antennae

since the antemnae in the male are longer than in the fenale.

A petri dish containing the adults was placed on & white back-
ground and individuals of each sex were sorted out with &
camel hair brush.

sdults of C. ferrugineug were séxed by the method des-

cribed by Rilett (1949). The beetles to be sexed were placed
in a small petri dish which rested in a larger dish contain-
ing cracked ice. Ag soon &g the floor of the dish became
chilled the beetles became inactive. With the aid of a micro-
scope, the males were separated from the females on the basis
of differences in mandiblesg, as the male adult possesses a
spine at the base of the mandible which is missing in the fe-
male. In cases where doubt existed as to the sex of a par-
ticular insect, light pressure was anplied to the ventral
part of the sbdomen by means of a blunt pair of forceps. If
the beetle were & female, the styli’ 2nd substitutional ovi-
pogitor were extended. When carefully executed, this pro-

cedure 4id not harm the insect.

Collecting and handling of exverimental food media

three grades of four milling fractions were used thr-
oughout the investigation. Samples of these mill stocks

were collected in a local flour mill. They were taken dir-



ectly below the rollg of machines designated zg Tfollows:
Jirgt break fhird break Pifth break
Firet middlings Third middlings Pifth middlings
Pirst tailings Tourth tallings Germ talling
Hret low grade Zecond low grade Phird low grade

. oz )

The gammles were all talken Zrom the same mill run o

jot)
4]
o+

fferences beltween runs and were store
"

20°. until reguired. Tortions of these samples were chemi-

cally snalysed for protein, ash, fiber and fat content. Frior

to being used for an experiment, all foods were conditioned Lfor

i

of the exweriment in desiccabtors contalining

gl

ticle size %

food media were grouvad in a

screen was used in the chine to obtain a

‘cod wedia were ground rather




THE PROCESS OF MILLING WHEAT

The wheat kernel consists of endosperm, bran and germ
in the avporoximate ratio of 84:14:2. These parts and their
composition are depicted in Figure L.

"he process of milling wheat consists of gradually
reducing the kernel of wheat into flour, the objective being
to separate the endosperm from the other components in as
pure & form as possible.

e

vioisture content of wheat to be milled igs raised to
approximately 15.5 per cent by the addition of water. This
gives a tough bran coat which will hold together upon grind-
ing, and a mellow endosperm that is readily crushed. Wheat
is ground by passing it between pairs of heavy rolls. The
first break roll merely cracks ovnen the kernel which then
passes through a sifter designed to separate fraguents &cc-
ording to size. Phe coarsest fragments go to the second
break roll which grinds them a little finer. The process of
alternately grinding and sifting is repeated four to six
times devnending on the mill, thus providing four to six
breaks. for each successive bresk, the rolls are set a little
closer together, and the stock is ground a little finers.

Below each set of bresk rolls ig & sifter which classifies

particles according to size. A generalized mill flow sheet
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is shown in #igure 2.

The purpose of the break system is not to make flour,
but to liberate endosperm in the form of middlings which can
then be dealt with in & reduction system. This is & gradusl
process of grinding, similar to the break system, with the
endosperm finally being ground into flour.

The germ is largely releuased by the break rolls and

appears as yellow particles ian the coarser middlings. It 1s
not reumoved by the purifiers butbt, being soft, 1t is f£lattened

out when the middlings are reduced, and in this flaked con-
dition can be geparated by means of sieves. Only & small

e germ can thus be recovered in a pure Lfori.

oy

pnart of ©

The stock coming from the break sifters (with the ex-

i

h

ception of the coarsest material going to the next set o
rolls) is called middlings and consists of particles of endo-
sperm and small pieces of bran. The bran is largely removed
by means of mschines called purifiers. In these machines, -
the bran-endosperm mixture travels down & long slightly in-
clined silk sieve through which a current of air 1sg drawn.
Rapid shaking of the sieve causes the material to move 1in a
series of small waves, and, &g it travels from the head of
the purifier, the heavier particles consisting of pure endo-
sperm work to the bottom of the shallow layer and fall thr-
ugh the meshes of the sieve against the upward current of

air. On the other hand, the light branny vparticles are held
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in suspension by the air current and tend to float on the sur-
face of the stream to finally tail over the end of the sieve.

Tailings consist of the tailovers of some of the pur-
ifiers and of scalp clothes of sifter sections below the
rolls. Iiaterial going to the firgt tailings roll carriesg a
high percentage of germ which is removed &t this ftime,

Low grades are the latter reductions of middlinzs and
contain endosperm, bran chips and germ. Shorts is made up of
a mixture of small particles of braen, germ and endosperm which
cannot be further treated, at least not economically.

here is no standardized naming of the various por-
tions of the partially ground wheat kernel called stocks. Con-
sequently, stocks bearing the same name but produced in diff-
erent mills may be different in physical and chemical proper-
ties. rost mills use the general fraction classification of
breaks, middlings, tailings and low grades. I=ach of these
fractions consists of several grades, the number of grades
being dependent upon the gize of the mill and the number of
roll stands. Chemical analysis for protein, ash, fiber and
fat content as well as the moisture content of the three
grades of each of these four fractions used in the present
investigation are ligted in Table I,

“he term extraction rate is used to signify the amcunt
of flour pnroduced from a given amount of wheat. In Canada,

the extraction rate of 73.7 per cent generally used means
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TaBLE T

TOHE
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o

ture Protelin Agh Miber #at
Fraction Grade % % & % )

b

i3
-

Break Hirst 15.1 13.8 1.6 Ze2 Lo7
Third 1567 15.6 Sodk 4e8 560
Fifth 1565 15.2 5.5 Be9 4ob
Zieaarl ]aeﬂ l‘/:j':e9 ’é.)e; ,‘eg;) gel
ES iddllf{g .Jj_.rSt 14:69 lZeO Oa5 Evol 990
Third 1%.3 12.3 O.b Zedk 9eH
mifth 15.8 12.2 0.7 36 1.3
ilean 14.0 12.2 0.6 267 Bebh

Tailings first 4.4 13.8 1.6 1.6 5.0
Fourth 155 1465 2.1 2.0 560
Germ 12.8 16,1 2.8 209 4o
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that 100 pounds of wheat are used up as follows:

o
-3
®
-]
-3

11111 screenings (weed seeds ebtc.) 1.5 pounds
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During the milliag process the temperature of the
atmosphere within the mill building is an important factor
at all times as it influences the temperature of the stockse.

For proper grinding, the miller likes to keep the temper-

ature of the break fraction as close 0o 759, as possibles.

.

i

Due to the heat produced by the grinding procesgs it is not

always pogssible to keep the temperature at this level. Tem-
Js X b D

nerature readings were taken of the stocks within the roll

stands on the roll floor in a loecal flour mill in October to

give gome idea of the average tewmperature oif the fractions

(Table II). Alr temperatures takenm on the roll floor were

gathered for each day the mill was in operation during the

period Iarch 1 to Cctober 15, 1963 (Table III).
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PABLE IT

L

PEMPERATURE CF LILL STCCK TAKEN FROM WITHIN THE MILLING MACH-
IRERY FOR EACH OF FIVE WEEKS

Fraction Week

and

grade 1 2 3 4 5 Total ldean
1 Break 84 86 85 83 84 422 8404
S Break 90 88 90 86 88 442 88 o4
5 Break 98 86 1925} 92 80 454 90.8
itean 879
1 i¥iddlings 84 88 85 85 86 428 85,6
3 niddlings 86 97 91 92 90 456 91.2
5 iiddlings 92 84 95 93 91 455 91.0
Mean 8963
1 Pailings 91 88 9L 90 90 450 90.0
4 Tailings 20 88 86 88 88 440 88.0
Germ tailings 93 88 91 92 20 454 90.8
liean 8Y .06
1 Low grade 90 88 88 86 88 440 88,0
2 Low grade 95 88 91 20 o1 455 91.0
3 Low grade 20 88 91 90 20 449 89 .8

liean 859.6




TABLE IIT
TR
Day are | Apre | Lay | Junme | July | Aug. | Sept. | Gete
1 85 84 84 84 81 85 81 86
2 85 83 82 85 86 89 85 85
3 85 82 88 85 86 85 87 85
4 82 82 84 86 88 86 83 86
ES) 83 82 85 86 88 82 84 85
6 81 82 81 81 89 85 86 84
7 84 895 83 82 87 85 81 84
8 84 82 82 8% 86 83 82 85
9 84 82 85 83 85 82 83 84
10 82 82 85 84 85 88 83 85
11 84 82 36 86 84 87 82 85
12 84 84 85 84 85 85 82 86
13 84 82 82 82 87 81 84 8%
14 81 3 83 84 88 83 82 87
15 82 82 84 90 83 84 87
16 85 85 84 84 83 85 88
17 83 85 87 B2 86 87
18 85 83 88 83 87 85
19 8d 90 84 84
20 82 84 84
21 81 85 85
22 85 87
23 84 82
B4 84
25 83
26 85
27 84
28 84
29 85
kean 83+5 827 85.5 84.8 86.1 84.1 83.8 8560
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The life history of C. turcicug is similar to that of

C. ferrugineus (Rilett, 1949), C. minutus (Davies, 1949) and

. ugandse Steel and Howe (Lefkovitch, 1957). Lefkovitch (1962)

and Bishop (1959) referred to the biology of C. turcicus butb

the various stages.

re denogited loosely in the foocd material and
the incubation period devends on the femperature and relative
humidity of the environment. Segmentation of the larva can
be seen just orior Lo emergence from the egg. B3y & series of

stretching and unduleting movements the chorion is broken and

the larva emerges. The caudal hoods or "egg hurstersg” are
uged to assist the young larvae to escape from bthe egy shell.
here =zre four larval instars. During the late third

or early fourth inster, a peir of silk glande begins to develop

on the ventral surface of the thoracic segment (Bishop,

1960). The silk glands develop rapidly, and shortly befo

o

the onset of the prepupal stoge in the latter part of

fourth instar, a cocoon ig spun. The cocoon may take several

formge. In fine food mediwm such ag flour, the cocoon may be

formed entirely of silk, while in coarse food medium the cocoon

usvally consists of particles of food held together and lined

M >

with the gilken nmaterial. ©he larva will occasionally
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pupate without forming a cocoon. The pupa emerges anteriorly
through the split larval skin of the fourth instar larvea,

The duration of the larval period varies greatly, depending
on the temperature and relative humidity &t which the insect
ig reared (Lefkovitch, 1962). She adult remsins within the
oupal case for about two days and then chews its way out of

the cocoon (Rigure 3). It soon commences to feed and search

for a mateo.

Description of stages

Bishop (1960) published a taxonomic description of

the larvae of C. turcicus, C. ferrugineus and C. minutug

and outlined a key Tor their separation.

B
03
i

The egg of (. turcicus is sausage-shaped and glisten-
ing white when laid, but becomes yellowish and opague Jjust

before eclosion. It is slightly more than three times longer

than wide with one end more tapered than the other. The eggs

8]
o

of this species are very similar in earance to those of Co

[
s

=i

Terrugineus. ‘he dimensions of ten eggs of each specles are

given in Teble 1V. The incubation period 2nd mortality of the

egg vary with temperature and relative humidity (Pable V).

Larva

The newly hatched larve is whitish and slightly longer
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COLPARADIVE SIZE (Lii.) O EEGS 0F C. bturcicus ~ND C¢. ferru-
gineus
Ceo turcicus Ce. ferrugineus
Egg Toe. Lengbh Width Length Width

O.b1 O.17 0.78 020

AV S

0.55 Oel7 0.78 0620
0.56 0.17 O.71 0.30

3

4 0.58 O.17 0.78 QoS

i

0.58 0.1t 0.78 0,20

w1
Q

6 0.57 0.18 0.78 020
7 0.59 0.18 075 023
8 0.51 017 0.68 Q.27
9 0.62 0.19 0.8 0.20

ot
o

0,59 0.18 0.78 0.85
;‘eaﬂ 05577 0018 00’76 092?)
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then the egg. Lhere are four instars, the lagt of which is

118 condition the larva is

[

rartly sovent as a prevupa. In

shortened, thickened and completely immobile.

fupa
B e iy

The new pupae is white with light brown eves. ‘The man-
dibles derken first followed by the gradual darkening of the

remainder of the body.

éﬁult

The beetle is light amber in color when formed. T4
<3
reraing in the cocoon until the exoskelebon has hardened and

]

the body has attained its normal red-brown color. fShe gnec-

E)

ies shows sexual dimorphism with the male antennae being as
long as the body and the female antennae half the body len-

gtho.

Flight habits

Observations in the laboratory and in flour mills

have shown thaet the adults of C. turcicus are fairly strong

]

80°%#,, adults

flierse &8 the air
cear excited with frequent flex-
ing of the elytra and partial exbteansion of the hind wines.

A o

sises above 80°%., the insects will take

1»
w
[
s
O]
c
®
D
~
0
ot
jd
H
[¢)
b

off snd fly upwards, usuvally veering off in the direction of

the windows. ILiterally hundreds of adults have been found on




1

oy

da

windows in an unused Ilour wmill, indicating that 2s food be-

o [ SO

came sciarce and the temperature excesded 80%7. the adults
left their habitat in gearch of new surroundings. Bishop

(1959) noted that under identical conditions the tendency to

veared to be stronger in C. ferrugineus than in C. tur-

o

cicugs. ‘'his is the reverse of observations made during the

current studies. It ig woscible that C. turcicus found in

flour mills in Canada are a different strain than the grain
infesting formg found by 3ishop (1959) in the Pacific orth-

M

west of the U.8.4.

Gannivalism

T

Lucas and Oxley (1946) renorted zdults of Cryptolestes

8pps. 0 be cannibalistic but not larvae. Lefkovitch (1957)
observed cannibalism in cultures of (. ugandae when larval
density was high. Ashby (1961) =2nd Rilett (1949) said C.

ferrugineus was cannibalistic and Lefkovitch (1962a, 1962D)

reported the same characteristic for C. turcicus. In the

present investigations, C. turcicus larvae were found to De

a

xtremely cannibalistic as vopulation density increased bee-
vond & certain point. The tough silken cocoon referred to

by Lefkoviteh (1962a) was no obstacle to the larvae (Iigure

Lefkovitenr (1962a) studied the rate of developuent of
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-

Co. Lturcicus reared on wheatfeed. Developument wag most rapnid

at 95%. and ReH., the life cycle minus the incubation

0o E)

period of the egg requiring 25.8 days. Survival however,

was only 20 per cent. 4t the same relative huwmidity the
greatest survival was 73.3 ner cent at 728%¢. and the least

was 16.7 per cent at 63%F.; the duration of developuent be-

[~ -

ng 44.% days at 72°%. and 141.2 days at 630¢. The range of

Y

2

temperature at which the insect could couplete developuent

when the relative humidity was reduced to 70 per cent wa
narrowed to 72%. to 90%%. 4t 70% R.H. the rate of develop-
nent &t each temperature was slower than that observed at the
higher humidity, the shortest time being 54.5 days at 907#.
and the longest being 60.7 days at 72°%F. Survival at 70% R.
He ranged Lfrom 23.5 per cent at 86%. t0 76.6 per cent at

720, At 50% R.H. all larvae died at 72°F. and 90%%F., but

there was 66.7 ner cent survival at 81lC#.

Fh

Bishop (1959) studied rate of development of C. tur-

g wheat kernel contaln-

i

cicus on food consisting of one-hal

ng germe. At 900F. and 90% R.H., the aversge time required

fantd

o}

o corplete development (first instar larve to adult) was

e -

t

25.2 days, while at the same temperature but at 70 and 509
R.H. &ll firet instar larvae died. The discrepancy in the
results may be due to food. The results of Bishop (1959)

may not reflect the ablility of the species to survive because

of the choice of food.



[
3
For oviposgsition studies, Bisghop (1959) uged flakes of

vheat germ as food and Lefkoviteh (1962a) used wheatfeed. AT
Bighop (1959) reported a lifetime average of 53.6, 6.6
and 0.5 egos per Temale at 90, 70 and 50% R.H., respectively.
it 70°F., ne reported 2 lifetime average of 131.0, 21.8 and
5.8 eggs per Temale, respectively, at 90, 70 and 50% R.¥7. on
food congisting of egual parts of wholemeal flour and wheat

exrm Lefkovitch (1962a) reported a 12 week total of 10Z.5

g Le
ecos per female at 90°T. and 90% R.H., 112.9 at 82°F. and

90 R.H. and 90.4 eggs at 827%. and 70% R.H.

Lefkoviteh (1962a) claimed the optimum conditions for

. Burcicus to be near 82°F. and 903 R.¥., while Bishop (1959)

—

stated the optimum may be near 70°F. and 900 R.H.




sRIVE BIOLOGY UF C. turcicus and C. ferrugineus

The biology of (. ferrugineus has been described by

Rilett (1949). The life cycle and the apnearance of the life

BN

stages are similar to that o

y

C. turcicus and it is extremely

o

difficult to differentiste between the immature Torms of the

two species. Both species may form similar cocoons (Figure

6) but C. ferrugineus usually forms only a cell (Figure 7).

Occassionally C. ferrugineus nupates in & naked conditicne

-

The naleg and females of C. ferrugineus can be separated by

@ prominent tooth at the base of the mandible of the male,
and by the tarsal formuls which is 5-5-4 for males and 5-5-5
for females.

Evidence of camnibalism in C. turcicus has been pres-

ented; Rilett (1949) reported that C. Terrugineug possessed

the same characteristic. I have not seen a C. ferrugineus

larve attacking another live larve but many dead larvae which
hed been cannibalized were obgerved in cultures (Figure 8).

This may siwmply indicate that bs ferrugineus is & scavenger

and not a cannibal.
Temperature affects the incubation period of the egg

—

of C. ferrugineus in a manner gimilar to that of C. turcicus

but it appears from examining the data of Rilett (1949) that

at comparable temperatures the eggs of C. turcicus develop
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3

and C. ferrugineus (larger one is
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somewhat Taster than those of C. ferrugineus.

Rilett (1949) revorted that C. ferrugineus developed

L]

3

most rapidly on wheat with germ and most slowly on white f1

ou
Using split wheat kernels as food, Bishop (1959) observed thatb

at 90°F. the period of development of C. ferrugineus was
shorter at 90% R.H. than at 70% R.H. and all first instar
larvae died at 50% R.H.

Bishop (1959) compared the oviposition rates of the
two species when reared on flakes of wheat germ. He found

that at 9OOFQ, Ce turcicug laid a few more eggs than did C.

ferrugineus at 90% R.H., but ¢. ferrugineus laid several

times more eggs than Ce. turcicus at relative humidities be-

low 90 per cent. For oviposition, C. ferrugineus appears to

-

be less sensitive than C. turcicus to reduced relative huu-
idity.

Bighop (1959) detemmined the average number of progeny
per female of both species at various temperstures and rela-
tive humidities. He found that C. turcicusg produced more

progeny than C. ferrugineug at 90 and 7008 . and 90% R.H., but

¢. ferrugineus produced more at 90°F. and 70% R.H. ‘These

results would indicate that C. ferrugineus is lesg sensitive

to a reduction in relative humidity than is C. turcicuse



CEAPTER VII
EFFECT OF MILL STOCKS ON THE RATE OF DEVELOPLENT ALD SURVIVAL

OF C.

Definition of terminology

The term mill stocks refers to the different physical
structire and chemical composition of the partially ground
wheat kernel as found in the various machinery of the mill.

In thisg investigation, the mill stocks include three grades of
the four commonly designated fractions of break, tailings,

middlings and low grade.

ethods and materials

The effect of mill stocks on the rate of development

and survival of C. turcicus was investigated in a seriesg of

experiments at a relative humidity of 90 per cent and at ten-
peratures of 90, 80, 70 and 60°". and of ¢. turcicus and Co

—

ferrugineus at 90°P. and 707% R.H.

Cultures of one week old adults of each species were
set up on flour which had been sieved through a 100 mesgh to
the inch sieve. "The flour from the cultures was sifted daily

- ~

and the eggs removed. In the series of experiments with C.

turcicus at 90% R.H., ten, 0-24 hour old first instar larvae
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vere reared individually in 5 ml. shell vials containing 0.5
grams of one of the 12 stocks. 3Beginning fifteen days after
the larvae were placed on the food media, the vials, which
were stored in desiccators, were examined daily until all liv-
ing larvae had pupated and emerged as adults. These experi-
ments were done in duplicates

In the series of experiments with C. turcicus and C.

—

ferrugineus at 70% R.H., duplicate lots of ten, 0-24 hour old

first instar lervae of each species were set up as in the pre-

s

vious serieg. Daily examinations were begun ten days after
the experiment was sel up and continuved until 211 living lar-

vae had pupeted and emerged as adultse.

Results
The rate of development and per cent survival of (.

turcicus on the different mill stocks at four temperatures
and 90% R.H. are given in Tebles VI through XITII and suuie-
arized in Table XIV. In general, there were more differ-
ences between milling fractions than between official grades.

At 90, 70 and 600F. there was no significant differ-
ence in the rate of development between individuals on the
three grades of any of the four milling frzctions. 4t 809,
there was a gignificant difference in the rate of develop-
ment between individuals on the various grades of middlings
and teilings.

At 90, 80 and 80°". there was no significant differ-




turcicus
D S0 &

Replicate

Fraction Grade 1 2 Total iean'

Break Pirst 23.0 2568 48 .8 24
Third 228 25.9 48 .7 244
Fifth 22 .8 24.7 477 .5 238
Total 58.6 V6 el 145 .0

Middlings First 501 2662 56.3 28.2
Third 50.8 2805 59,1 29.6
Mifth 28 .8 29.% 5865 2963
(.L]O”&l 8397 G482 173.9 29.0

tailings Pirst 2361 270 50,1 £5.1
fTourth 250 2860 45,0 2205
Germ 2867 2540 4% .7 2569
Total 68 .8 74,0 147 .8

Low grade Pirst 2361 2ae4k 45 Z2 .8
Second 2260 285 51, 2D.6
Third 2803 28,0 44 22 a8

9
Ne] Ol Ot
9

fotbal 68 .0 7269 1

H
&
o

T T,8D.05 not significant



vs) OF C. turcicus ON
A 800®. AND S0 PER

HUMIDITY
Replicate
Fraction Grade L 2 Total leant
Break E rst 3460 545 68+5 5463
Third 3466 B4 66 69.2 ST
Fifth 348 5366 67 .8 3509
Tota 102.8 108.7 2055
5408
LED,05 1.0
iddlings Eirst 40 .0 39 65 7963 397
369 378 T 3T o4k
“llﬁﬂ 40 6 4 407 80,7 40 o 4
Total 116.,9 117.8 23407
DI oL
L8D.05 1.7
Tailings frst 3404 3540 69 o4 DLl
Fourth 3281 345D 6666 2865
Germ 300 50,0 60.0 3060
Total 96.5 9965 196.0 .
YN
LSD.05 362
Low grade Tirst 3468 B4 e 69s5 5448
Second 3367 3209 6645 5563
third 3568 343 68.1 B4 1L
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turcicus O

Hs
it

al "") AT "L"i foad _:'\.
GRADES CF

LATIVE

Replicate

Fraction Grade 1 2 Total iiean’

Break Miret 4661 4660 921 46.1
Third 46,0 46 .3 92 .5 4568
Fifth 4663 4549 92 61 4661
Total 138.5 138.2 27665
Pirst 48.0 48 .6 966 4863
Third 49,0 48 .2 9762 486
Fifth 48 6 4 4865 9649 48 65
Total 1454 14563 29067

Tailings Pirst 4865 49 .4 97 .7 48,9
Fourth 47 .1 48,2 9565 477
Germ 4569 4567 91.6 458
Total 14163 14363 28466

Low grade Filrst 46.06 4H.2 9248 46 o4
Second 4569 45.1 91.0 4565
Third 4645 45.8 9263 4662

e
Total

-
(&N
Ne
°

(@

137.1

4]
.\‘Z
o
2

}.4

T 780,05 no




clcus GH
‘D 90

Renlicate

Praction Grade 1 2 Tobal Hean!

Break Pirst 104 .0 106.2 2102 105.1
Third 100.4 103.Y 204 .1 102.1
#ifth 102.0 104.1 206.1 1038 .1
Total 3064 314.0 520.4

Middlings first 108.7 1069 215.8 107 .8
Third 113.0 10b6.7 £218.7 1094
Fifth 104.1 106.3 2104 10562
Total Z25.8 318.9 B

Pailings Pirst 99.0 101l.83 200 .8 100.4
fFourth 95, 97.1 192.9 896.5
Germ 100.8 98 .9 1997 99.9

Total 2956 2978 593e4

aQ 5

Low grade firest 98 .1 98.9 197 .0 0845
Second 1000 1020 202 .0 101.0
“hird 99.0 100.4 199.4 99 .7

9}
)
o
=]
he

Total 297.1 30L.3

T TeD.05 not glgnificant
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e

Replicate

fraction Grade 1 2 Total Meant
Break First 80.0 100.0 180.0 90.0
hird 90.0 100.0 190.0 95.0
Bifth 70.0 60.0 180.0 65.0

Total 240.,0 260.0 500.0
ixiddlings Firet 60.0 40,0 100.0 5060
Third 100.0 100.0 200,.0 100.0
#ifth 100.0 - 100.0 50.0

Total 260.0 140.0 400.0
Tallings Pirgt 80.0 100.0 190.0 95,0
Fourth 80.0 70,0 160.0 80.0
Germ 90.0 90.0 1800 90.0

Total 270.0 260.0 530.0
Low grade Birst 90.0 100.0 190.0 95,0
Second 1000 40,0 140.0 700
Third 70.0 100.0 1700 85.0

Toval 260.0 2400 500.0

significant
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IOTEY

Fraction

Grade

Wean?

middlings

Tail

0t
n

Lig

[

Low grade

Firet
Third
Mfth

Tourth

Germ

Total

Fires
ond

60.0
50,0
90,0

200.0
40.0
£0.0
40,0

120.0
70.0
80.0
90,0

240.0

70.0
50,0
0.0

£10.0
40 .0
50.0
40.0
11.0.0
80.0
70 .0
80.0
2530.0

NeRorNes
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& ©
OO0

L3

Jav]
()
k=3

o

65.0
50.0
90.0

40.0
55,0
40,0

7540
7540
8540

85.0
60,0
90.0

TLSD.05

net signifi



Replicate
Fraction Grade 1 2 fotal Hean
Break @ 80,0 @ 80.0

Low grade

wirst
second
Third

Total

130,05
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Replicate
Fraction Grade 1 2 Total Liean'
Break Firs 60,0 700 305 65.0
Th
Fifth 50.0  70.0 . 5060

rst 13050
ird 70.0 70.0 140.0 70,0
£ 100.0
Total 160.0 210.0 57060

7040
60.0
170.0
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500,.0

Pailings HPirst 80.0 700 150.0 7560

Fourth 50,0 60.0 110.0 55.0
Germ 40 .0 50.0 90,0 45,0
Total 170.0 180.0 5500

Low grade Pirs 70 70, 140 70,0
SGCO' / 9 lBOe 9030
Thir 50, 6 110 55,0
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ence between per cent survival on the three grades of the
fTour nilling fractions, but at 70°7, there was a significant
difference between grades of breaks, middlings and low gradese.

When the grades of each of the four fractions were
averaged, there was no significant difference in the rate of
developrient between breaks, tailings and low grades at 900F.,
while at 80°F. development on tailings was significantly fas-
ter than on breaks or low grades, but there was no significant
difference between the latter two. 4t 70°F. develovment was
significantly faster on breaks and low grades than on tail-
ings. At 60°7. developnment was significantly slower on breaks
than on tailings and low grades. Development wag significan-
t1ly slower on middlings then on any other fraction at all four
temperatures. The number of days required for development was

e

increased by roughly 50 ner cent for each £iwve degree . drop
in temperature until 60°F". was reached where development time
was double thet required at 70%7 .

Survival was not significantly affected by the type of

food material at 90 or 70°F. although at 90°F. survival on

)
W

middlings wag 17 to 22 per cent lower than on the other three
fractions. A4t 809F. survival was fairly uniform on breaks,
tallings and low grades but was significantly lower on midd-
lings. At 60°F. there was no significant difference in sur-
vivael on middlings or tailings but survivael on middlings was

significantly lower than on breaks or low grades.
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The rate of development and per cent survival of C.
turcicus at 90°F. and 70% R.H. are given in Tables XV and XVT,

the same information for C. ferrugineus in Tables XVII and

—

XVIITI. A summary of the data for both species is given in
Table XIX.

There was no gignificant difference in rate of devel-
opnent between grades or fractions for C. turcicus. It dev-
eloped more rapidly at 90°F. and 70% R.He than it did at any
other combination of temperature and relative humidity btried.
survival of this species was significantly lower on middlings
and tailings than on breaks and low grsdes.

At 90°F. and 70% R.H. the rate of development of C.

ferrugineus was not altered by the various grades of the

tailings, but a significant difference wag observed

breaks or
between all three grades of middlings, the rate of develop-
ment being increased as grade was lowered. Third low grade
gignificantly leungthened the rate of development over thatb

the fraction.

Hy

obtained for the other two grades o

The rate of development of C. ferrugineus wag more

rapid than that of C. turcicus on breaks, tailings and low
grades but equal on middlings. Development of C. ferrugine-
eus was significantly slower on middlings than on the other
three fractions. The latter three were egual in their effect
on rate of development.

Vbre Ceo ferrugineus than C. turcicus survived on midd-
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Replicate

Braction Grade 1 2 Total Heant
}3146811{ ﬂ’iI‘S”G 22 e6 25 95 {3:)7 e9 cwé’:eo
Third 22 60 24,0 46 .0 2540
wifth 220 285.5 47 .5 25 .8

'otal B6.6 74..8 141 .4
Middlings First PG 25.3 49 .3 245
Phird 253 - 25.4 25.5
#ifth 24.4 - 24d.4 24.4

,I}Oﬁal 387 25.5 99 .0
Pailings Lod 2165 45.6 22.8
23. L 219 44 .4 28 .2
219 21.2 43,1 21.6

total 659D 638 1835.1
Low grade Mirst 2266 22 45.5 2267
Second 219 24 4569 25@6
Third 22D 23 45 .6 228

T 1.50.05 not significant
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LABLE ZVI

PER CEIT IVal CF C. Burcicus ON BE GRADES CBH BCUR
WILLTNG FRACHICHS AR 90PH. AND 70 PER COIM RELATIVE
BULIDITY
| Replicate
Fraction Grade 1 2 Total Heant

Break first 20.0 60.0 150.0 7540
Phird 100.0 600 160.0 80.0
Fifth 50.0 70 .0 120.0 60.0

Total 240.0 190.0 430.0

iddlings first 80.0 10,0 90,0 45,0
Third 7000 - 70,0 3560
Pifth 100.0 - 100.0 50.0

Total 250.0 10.0 260.0

Tailings Mirst 7060 - 70.0 35,0
Hourth 70.0 10,0 800 40,0
Germ 90,0 = 90.0 45 .0
‘_"Oﬁal 130.0 10.0 14:0 NG

Low grade First 70,0 50.0 1300 85,0
sSecond 180.0 80.0 180.0 90,0
T hird 60.0 60.0 120.0 60.0

“otal 2380.0 200.0 480.0

' LSD.05 not significant



fTerrugineus
. AND 70 PER
1Y

Replicate

Praction Grade 1 ( 2 Total Lean
Rreak Biret 20.0 18.7 3867 19 .7
Third 194 1945 3869 1965
#ifth 1963 19.0 38 63 19.2

Total 5847 57.2 115.9
19.4
L8D.05 175
iddalings HFirst 276 278 5564 277
fhird 25.0 25.1 50.1 2501
Fifth 22@0 21@7 éZav 2199

total 74e6 4.6 14942

LSD.05 1.5

Tailings Birst 19.1 205 39 o4 1967
Pourth 20,0 21.8 41 .8 20,9
Germ 194 18.2 57 6 1849
Total 5865 60653 118.8

8
L8D.05 Sl

Low grade Tirst 18.3 19.6 37 69 192.0
SeCOﬁd 19@4 lgeg 58@5 19@2
Third 21l.4 217 43 .1 21.6
Total 581 0.2 119.3




PABLE XVIIT

LL OF C. ferrugineug Cl REE G ¢l #OUR
CHE A1 90V, AlD 70 PER CENT RELADIVE

HUIIDIRY

Replicate

Fraction Grade 1 2 PTotal iiean’

Break Piret 800 90.0 L50,.0 75,0
Third 700 60,0 130.0 65.0
Fifth 70,0 700 140.0 70.0
Total 200.0 £220.0 42060

iiiddlings Miret 80.0 60.0 140.0 70 .0
Third 90,0 90,0 180.0 90,0
tifth 80,0 90 .0 170.0 85,0
!_i"OJGG.l Z250.0 240.0 490 .0

Tailings First 80.0 80.0 140.0 70.0
Ifourth 60,0 50.0 110.0 55.0
Germ 70,0 50.0 120.0 60.0
Total 210.0 1600 3700

Low grade First 700 80,0 150.0 75,
Second 80.0 80.0 160.0 80,0
Third 0.0 100.0 190.0 95,0
Total 240,0 260.0 500.0

' I8D.0b not significant



TaBLE XIX

MELAT RATE OF DEVELORLIINT (DAYS) f CEIET SURVIVAL OF C.
turcicus AUD . ferrugineus G AT LLING BPRACHWIONS A7
9001, AND 70 TFER CHENT % HULIDITY
Ce turcicus e ferrugzineus
Fraction Development SurvivalDevelopment survival

Breaks 253.6 e 19.4 7040
piddlings 2.7 453.5 24.9 8L.7
Pailings 222 40.0 19.8 81e7
717 19.9 80.0

Low grades 28

8
LD 05 111 bZ.2 0.8 13.1
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lings, tailings and low grades while survival on the

1

tion was about the same for both species.

Discussion

It may be possible to explain the rate of development
and survival data on the basgls of environment. Hor . turcicus,

90%F. and 70% R.H. may be opbimal, thus allowing some latititude

in the nutritional value of the food without affecting the rate
of development and survivel of the larva. However, when the

Sy

environment becomes marginal, differences in nutritional value
of the food would become more avnparent.

The effect of food on rate of developument of a anwmber of
stored vnroducts insects has been investigated. Smallman and Los-

chiavo (1952) found development of ©. coniusum Duval larvae at

80°¢ . was wmost rapid on tailings, followed by low grades, midd-

[

lings and breaks in that order. ‘they algo reported no signifi-
cant differences in survival of the insect on any willing frac-
tion, but Costhuizen (1945) found the survival of ©. castaneum
(Bbst.) to be lower on bran, middlings and flour than it was

on germ and semolina. Cotton et al (1944) reported that the
numbers of insects in sectiocns of flour millsg containing food

1. g S

of high nutritive value were from one and one half to three
times as great as the numbers in other sections of the mill
containing less nutritive food. Fraenkel and Blewett (1943)
stated that some stored products pests did as well on Hational

N

flour (85 per cent extraction) as on wholemeal flour, but
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that flour of lower extraction formed & less suitable dieb.

w

ter, the period of develownment was longer and nort-
ality was increased. Rilett (1949) revworted that germ was the

begt diet for C. ferrugineus, and although bran was consider-

(81}
e

- r

ably better than white flour the period of development was
doubled.

roorer development on flours which were below 85 per

N

cent extraction was attributed by Fraenkel and Blewett (1943)

to a deficiency of B complex vitaming, the percentage of

which falls as the extraction rate is lowered ( Andrews et al,

1942; Tepley et al, 1942; ‘homas et al, 1942). Hinbton (1944)
stated that the scutellum fraction of the germ containsg about
60 per cent of the total aneurin in the wheat kernel. ico-

tinic acid is found in the germ and cuter endosperm, with the

1ighest concentration in the germ (ioran, 1945). He also

ey

o

stated that riboflavin is more uniformly disgtributed through-
out the wheat grain than is nicotinic acid but the highest
concentration is in the germ. 4s the extraction rate of

flour fallg, the gerin is eliminated and increasing amounts of

n

secutellum, bran and outer endosverm are excluded, resulting

in the steady reduction of B group vitaming.

W

seecording bto Williems (1954), ianitoba wheat and whole-
neal flour were equally favorable for the developument and
survival of (. minutus followed by Plate maize and English

I

Wheat. Iabional flour (85 per cent extraction) and Canadian




flour (70-75 per cent extraction) were equally unfavorable.

-

I

Ashby (1961) found that the rate of larval development of C.
minutus was equal on wheat and on wholemeal flour plus ten
ner cent yeast.

Dyte (1961), working with samples from centrifugals

(sifters) in flour mills in fngland concluded that mnoisture

was by far the most iwmportant factor in determining where
large populatiocns of C. turcicus would bulld up, and nutri-

tional value of the stock had little significance. ILefko-

viteh (1962) indicated that there may be selective feeding;
particle size or type of food may affect rate of development

and survivale.

Considerable work hag been done on the effect of food
on the rate of development of Uribolium spop. Chapman (1924)
gstated thet wheat gerin more nearly satlsfied the requireuments
transformation thaen did any other type of mill-
ing fraction. This was corroborated by Cashman (1951) and
Sweetman and valwmer (1928) who reported that the wheat embryo

seemed to contain some growbh promoting substance, and when

w

the embrvo wag not present, rate of growth was retarded.

Cotton et al (1945) chowed that riboflavin 4id not

LR i <3 B 3 s L - A= e s yiar o T S o F e oy oy e
significantly alter the rate of growth of L. confusum, bub

wkerji and Sinha (1953) and Gray (1948) found that it did.

fraenkel and Blewett (1941) stated that riboflavin content of

patent flour had the wmost wmarked effect of any oi the B group
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vitaming on the growth rate of Lo confusum. Iickel and Stan-

dish (1946, 1947) found that 7. confusum and 7. castaneum

developed more rapidly on cereals than on soy products, indi-

o

o
W
|
5
ge

that the soy products were lacking in necessary amounts
of gome growth promoting substance or substancess

Invegtigations in flour mills by iiller (1944) showed

d.
b
o3
¢
ol
o
)
l._l
}._J

ings favored wmore ranid development of larvae of T

s

confusum than patent flours, first break being only slightly

legs favorable than tailings. In a laboratory investigation

cmelliman and Loschiavo (1952) found
ol

that rate of developument of ©e. confusum was significantly

gslower on tailings then on breaks, middlings and low grades.

"here wag no di rence between the latter three.
Rate of development of Ptinid beectles wasg observed to be

altered by type of food (Howe and 3Burges

-1
}_J
w0
Ut
av]

2, 1953) and Rich-

ardson (1926) found that inagasts kuhniella (Zell.) develoned

more rapidly when the geri of the wheat kernel was included in
the food supply. Thomas and Shepard (1940) observed that lar-

vae of Cryzaenhilus surinamensis (L.) developed faster on rolled

ocats than on walnute or raisins. nzte of development of larvae

" 5
1

of 7. destructor Uytt. wag correlated t0 the f£ood the adult

ingect received (Reynolds, 1945), but this was thought to be

due to the vresence of intracellular sywmbionts which supplied
vitaming, or that the autritive value of the yolk of the egg

was partly responsible Tfor the acceleration in growth obser-
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ved in the following generation (Cashmen, 1950). TDaily dis-

turbance and a daily tempersture drop of only 80 minutes dur-

ation was sufiicient to eignificantly increase the length of
| 1757
the larval period of the ihapra beetle (Burges, 186%). Stan-

ley (1946) showed that high temperature favers rapid develon-
ment of certain insects bult the number reaching the adul
stage 1s reduced. 4t lower teumperatures, slower development

is associated with high survival.

-

O

The response of an insect is expressed in part by th

measurable functions of rate of development and per cent sur-

i)

vival. UWithin the range of ootimum temperature and relative

humidity, different foods may or not affect the rate of

elopment and per cent Sva1v¥l If gignificant differen-
ces are found in these latter two criteria, then it must be
assumed that the food ig the factor causing the change. As
temperature and moisgture conditions become marginal any diff-
erences in rate of development and survival may be due to
environmental conditionsg alone or in combination with food
differences.

Several statistics have been devised in an effort to

evaluate the effect of a combination of factors such as tenp-
erature, wolgture, food, etc. on the rate of increase of the
species. The method of Birch (1953) and the modificabtion of
Howe (19553) inclunde a pargheuef denoted by the letter r and

called the intrinsic or infinitesimal rate of increage. This
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parameter r may be calculated for any kind of life cycle, butb
anplies only to a population with a stable age distribution.

Iz R

Howe (1953) stated "the main disadvantage of the method of

J

Birch is that it involves the use of trial and error solutions

€23

%

of an equation, each involving the summabtion of values obtain-

or

o
h

ed from exponential tablesg". Mo simplify this metho

those not mathemabtically inclined, Howe inserted a prerequis-

ite: a female life table and an age-specific fecundity table;
£

the life table giving the probability at birth (1lx) of a

female being alive at any stated age x, and the age-specific

fecundity btable giving the mean number of female offspring
2 o o

(ix) produced per unit of time by a feumale of age x. It is
possible to deal with the developmental portion of the tables
and the adult portion separately. In such a case, a figure
for the mean developmental period is obtained from one experi-
ment and the age-specific fecundity data from a second experi-
ment using freshly emerged adults and recording the number of
eggs laid throughout the oviposition period.

Birch (1953) stated "the innate capacity is defined as
the intrinsic rate of increase r or its expression as a finite
rateN, where N equals antilog r. Thig is the rate of increase
of a population of stable age distribution growing in unlimited
space at its optimum density™. He found actual results of ex-
perimental models carried out under laboratory conditions to

deviate somewhat from the theoretical calculations as varia-
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6 f
tions in numbers occured, but the value of r was gaid to De
real.

Analysis of the present results by the methods outlined
above would require age-specific fecundity and life table data
&t each of the temperatures included in the experiments. A4AllL
gsuch dats were not obtained, and as I was more concerned with
results that might apply in practice rather than theoretical
population increase, I chose to use the environmental index
Er as outlined by Stanley (1946).

Hig calculations are validly baged on the premise that
optimum environmental conditions of tempersture, relative hun-

id and food are not those &t which the insect developed

Ht

o
2
=

fastest, but those at which most was accomplished per unit of
time in Turthering the increase of the species. ‘fhe relative
environmental index 1s calculated by dividing the per cent
survival of any one stage of the test animael by the time
required to complete that stage. In this way a measure of
the suitability of an environment is obtained, asg it takes
into account the rate of growth and mortality. If thig value

is determined for various tewmperatures or different foods,

Q

its highest value will be at the optimum temperature or on

]

o

he relative values ag a

the preferred food. By expressin

o
GL

decinal fraction with the maximum equated to 1.0, an abgol-
ute environmental index fa is obtained. This valne will

et

vary from 1.0 at the optimuwm to zero depending on the suit-



ability of the environment in which the lunsect was reared.

When these indices are applied to the results obtained in the
present experiments it is possible to compare the nutritional

the foods, ag the temperature and relative huuwidity

were standardized for all 12 foods.

4}

Environmental indices for C. turcicus (Table X)) indi-

4%

cate that tailings and low grades were more Tfavorable than

B

3

N
£

. Oy
er fractions at all temperatures excent 70 Fo

Pt
[
o

e O

)

e

uniformity among fractions was shown at 70°%, followed by
80, 9C eand 80%#. in descending order. The highest relative
values were obtained at 90°F. indicating that this teuperature
st 90% R.HO. wes most favorsble for the increage of the species
followed by 80, 70 énd 60°7. in descending order. This is
different from the results obtained by Bishop (1959) and
Lefkovitch (1962), who stated that the optimum for the specles
was below 90°7. Their results may have been adversely aff-

truly representative

~ e

sccording to the indices in Wable XXI, there was more

ranid development and greaber survival of C. ferrugineus than

Co turcicus at 90°F. and 70& R.H. By comparing relative

indices in Table XX wi

907, and 90% R.H. is the optimum for (. turcicus. Under

asctual mill conditions where the temperature o
1

n -

close to 90°7, (mable IT) and the molgture content is approx-
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HABLE ZXT

PAL INDICES 48 &
iG PRACTIONS POR DEVELOQ!
AID C. ferrugineus AT 909F
h EULIDITY

Ce Tturcicus . ferrugineus
Index Index
Praction Relative | Absolute Relative | Absolute

Breaks 2092 1.00 360 0.89
iddlings 1.13 0,39 5.29 0.82
Tallings 24D 0.84 312 0.78

Low grades 2.04 070 4,082 1.00




imately equivalent to 700, R.H. or above in more than 50 per

to present a gerious 2t as far as population level ig

concerned. Thig verifies what actually happens in practice.

By comparing the relative indices for C. turcicus and

C. ferrugineus (Table XXI), it is azpparent that 90°F. and

70% R.H. was more suitable to C. ferrugineus than C. turcicuse.

o

It would avpnear therefore, that heavy vpopulations of C. ferr-
foghs 9 o M ME ~.

ugineusg could build up in milling machineg 1f temperature,

relative humidity and food were the only factors of impor-

o

tance concerning the rate of increase of the specleg. These

A

t of interspecific

A

date do not take into account the effec

competition or crowding, and we nust also assume that

o
o

g

ferrugineus is capable of gaining access to the milling

machinery from the elevator section of the plant.
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urcicus

o
o

iethods and materials

Two experiments were conducted in the laboratory o

give the following information:
1) Tumber of ¥y generation adults produced by C. tur-
cicug under crowded conditions.

T

2) Tumber of offspring produced by one nair of adults

[}
Ay

of C. turcicus and C. ferrugineus in a 20 day period.

A

The number of '] generation adults of C. turcicus pro-

duced, and the mean time to produce them under crowded con-
ditions on each of three grades of four milling fractions

was determined by setting up 25 vairs of one week old adults
on three grams of each food contained in 25 ml. shell vialse.
Duplicate vials were set up and the experiment wag carried

out in desiccators at 90°F. and 70% R.H. The original adults
were removed to fresh food every 21 dave to prevent newly
emerged adults from laying eggs and adding to the total number
of adults produced. afber 63 days the criginal adults were re-
moved and all vials were examined at two day intervals until
a2ll living larvae had pupated and emerged as adults.

ult

9
f

=ty
o
w

The number of offspring preduced by ome pailr o

in a 30 day period on each of the 12 foods was determined for
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both species as follows:

One pair of one week old adults was placed in each of
ten, £5 ml. shell vials containing three grams of one of the
12 foods. after 30 days the vials were examined and all liv-
ing larvae, pupae and adults were counted. The experiment was
run in duplicate and was carried out in desiccators maintained

at 90°%. and 70% R.He

Results

Great variability in the number of ¥q generation adults
of C. turcicus produced and the mean time required to produce
them was evident between fractions and grades. Significant
differences in the nuwber of adults formed were observed betwW-
een all Ffour fractions (Table XXIL). The largest number weas
produced on tailings a2nd the smallest number on middlingse
Phis coincides with the survival dats (Pable XI). There were
no differences in the mean number of days required to produce
Iy adults between breaks, tailings and low grades, but midd-
lings was significantly poorer (Table XXIII). This coincides
with the rate of development data (Table VII).

significant differences in the number of iy adults

formed were obtained between all three grades of breaks and

]

s significantly

)

tailings (Table XXIV). Firgt low grade w
- poorer than second or third low grade, the latter two belng
equal. Io differences were observed beltween grades of midd-

lings where few Fl adults were formed.
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C T Ty

iy A,.;;.I I

GRADEDS CF FCUR
turcicus IN NI

F1 ADULTS
BY 25 TaIRB
9 O O_{“ ° *..RD

Replicate
Fraction Grade 1 2 Tota lean
Break Pirst 46 59 105 585

Third 107 10z 209 104.5
Pifth 30 25 56 275

Total 183 186 369 61le5
middlings first 27 25 52 2640
Phird 24 28 52 26.0
#ifth Sl 54 65 3265
Total 82 87 169 28.2

irst 84 02 176 88.0
ourtn 139 150 289 144.5
8Tl 202 220 425 211.0

Tailings by

Total 425 462 887 147.8

Low grade Pirst 27 26 5& 2665
Second 115 109 284 112.0
Phird 109 117 226 11%.0

Total 251 <bz 503 8.8

LeDL.05 765




TaBlLE XEITT

turcicus 40
IS AT 900w,

FOR ¥
0% FOUR

CENT R

Repnlicate
Praction Grade L 2 Total Mean
BI‘eaK ‘JiI’SJG 59 55 4:092 }/9 95 59 a8
Third 41 .9 42.6 84.5 42.3
#ifth 46 .0 45,4 91.4 4567

Tota 1z27.2 128.2 2554 42 o6

iiddlings dirst 48.5 49.6 97,9 49.0
MThird 5309 52,7 106.6 55.%
Pifth 4404 4449 89.5 44,7
total  146.6  147.2 293 ,8 49.0

Tailings firgt 50,8 46.2 97.0 48 .5
Fourth  39.5 40.5 80.0 40.0
Germ 39.6 41.5 80.9 4065
Total  1%0.0  128.0 £258.0 45 .0

Low grade firet 47,7 44 .8 92.5 46,3
Second 4004 4164 81l.5 40 .8 L
Third 37 o5 37.5 Vi o8 37 o 4 s
Total  12H.4  183.4 248 .8 41.5

LsD.05 1.6




TABLE XXIV

'S FORMED AND THE MEAN WINE REQUIRED 70
RS OF ADULTS CF C. bturcicus IN NINE
EILLING FRaCTIONS AT 90°F
PIVE HUBIDITY

Evcuel T AT

REE GRADES Ci FOUR
AND 70 PER CENT REL

Iraction mean time to Environmental
and Number of ¥y produce Iy index
grade adults formed (days) REIETIvVETADSOIUTE
lst Break 52+b 39 .8 led 0.25
3rd Bresk 10465 L& 0 & 2e5 0.48
5th Break 27.5 45,7 0.6 0.12

8D.05 19.2 1.7 Oeb

i

0.10

)
W)l

let middlings 26.0 4.9 .0
3rd piddlings 0,10

bth iddlings 32.5 4o o7 0.153

AV
(o3}
°
o
(&)
(&3]

- (&Y

O @] < O

°
o

®
DS

1ED.05 6.9 2.4

lst Tailings 88.0 48 .5 1.8 0.35
4th Pailings 144.5 40.0 D66 0.69
Germ tailings 211.0 4065 562 1.00

w
°
[
s
@
(@3]
O
1
[8))

L5D.05 2%

let Low grade 26.5 46.3 0.6 0.12
2nd Low grade 112.0 40.8 2.7 0.52

3rd Low grade 113.0 o7 .4 560 0.58

IJSDeOS 1590 598 Oeg




Significant differences in the mean number of days
reguired to produce iy adults were obtzined between all three
grades of breaks and middlings, between first tailings and
the other two tailings grades and between Tirst low grade and
the other two low grades. The latter two grades of tailings
and low grades showed no respective differences.

Relative envirommental indices were calculated by dive
iding the number of progeny produced by the time in days re-
guired to produce them (Table XXV). Significant differences
in relative indices (Table XXIV) were obtained between all

three grades of breaks and tailings and between firgt low

grade and the other two low grades, the latter two of which
were equal. No difference was obtained between grades of
middlings as all three were egually poor. The mean environ-
mental indices are grouped for fractions in Table XXKVI The
results indicate tailings was the best fraction for the in-

°

crease of C. turcicus and the other three fractions were sig-

nificantly poorer. There were no differences between breaks

and low grades, while middlings was the poorest.

42}

XXIV, XxXVI) were calculated

U)

Absolute indices (Table
by taking the highest relative value as an absolute value of
1.0 and this highest relative value wag divided into each of
the other relative values. The absolute values allowed a

comparison between grades and fractions as to the value of the

different foods for the increase of the species. Congiderable




RELATIVE TEVIRC

ORI

Gi

CTNTTT I G TR
ADULLS OF C.
ol

TABLE X

v INDICES A8
ADES OF HOUR MILLIE i
turcicus

FCR PRODUCTIOL
D 70 I

PER CENT

SULTABILITY

T

Replicate
fraction Grade 1 2 Total ean
Break Mrst 1.17% o 47 20064 1.32
’ﬁhifd 2@55 e59 4:@94: 204:,7

> 55

Liddlings

Tailings

Low grade

Firgt
Third
#ifth

Total
First

Fourth
Germ

first
Second
Third

Total

1.65
3.H1
5.10

10.26
0.57
2.85
298

6.54

H QW
® °

H

-

o

e

= OCOO
-3 U1 Oy
GGy O

°
-3
e

1.99
3.70

5.55
11.02
0.58
265
5.128

6.35

L.20
8.78

21.28

1.15
5.50
6.04

1lz2.69

76
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TABLE XXVI

LT INDICES AS A SUTTABILITY CF

PRACRICHS FOR PRO . My ADULYS OF

¢. burcicus 417 90C%. AND 70 FRER CENT RELATIVE
- HUMIDITY

iiean time tq Environmental
Number of 1 produce Iy index
Fraction adults formed (days) Helativdibsolute
Breaks 61.5 426 o5 0e44

O

®
(3}

piddlings 28.2 49.0 0.18

1.00

Gl
o
(61}

1aili.ﬂgs 1.4:7 +3 43.0

Low grades 8&.8 41.5 2.1 0.59

18D.05 7.5 1.6 1.5
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variation in @bsolute indices were observed between grades of
each fraction except middlings (Table XXIV). Germ tailings
appeared to be the best Lor the increase of the specieg foll-
owed by ZTourth tailings, third low grade, second low grade
and third break which were all about equal., Then came first
tailings and Tirst break and finally, £ifth middlings, fifth
break, Tirst low grade, first middlings and third middlings

fa

which were all poor. 4Absolute indices (Table XXVI) indicate

e

the sultability of the fractions for the increase of the

Q
s
3
j]

gpecies to be in the ier of tailings, low grades, breaks
and middlings. Tailings were roughly twice as beneficial
for the increase of the sveciles &g breaks and low grades and
imes as beneficial 28 middlings under crowded rearing
conditions in the laboratory.

The number of offspring nroduced per female Tor each

species in 30 days in the laboratory are listed for C.

I

cicus in Table XXVII and for C. ferrugineusg in Table XXVIIT.

[

On breaks, the anwamber of offspring produced by Ce.

turcicus decreassed as grade was lowered. On middlings, tail-

-

ings and low grades the numbers increased as grade was low-

C’)

+ )

ered, except on germ tailings which was poorer than the other
two grades, bubt equal to first break. ‘hen grades of each
fraction were averaged the number of offgpring produced per
female for . turcicus was 8.8, 4.5, 42.0 and 29.1 for breaks,

middlings, tailings and low grades, respectively. This agrees
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with previous experiments showing a decrease in suitability

o3

the four fractions as food from tailings to low grades to

()

o)
breaks to middlings. An analysis of variance showed signif-

icant differences between fractions and grades. The tailings

¥l

fraction was significantly better than the other three frac-

tions for the production of offspring. Low grades were sig-

Fede

4]

nificantly better than breaks and middlings, the latter two

being equal (L3D.05 egual to 5.8). lor grades, first break
was significantly better than the other two grades which were
equal, ®ifth middlinges was equal to third middlings, both of
which were significantly better than first middlings. Fourth
tallings was equal to Lirst tailingg but significantly better
than germ tsilings. Germ vallings and first teilings were
equal. Third low grade was equal to second low grade and
gignificantly better than Lirst low grade, the latter two

rades being equale.

For (. ferrugineus (Table XXVIII) there was no appar-
ent patitern in the number of offspring produced on the difi-

erent grades of the various Ifractions. When grades of each
fraction were averaged, the number of offgpring produced per
female wag 18.0, 12.9, 23.1 and 20.1 for breaks, middlings,

tailings and low grades, respectively. ihese resgults are

higher than thoge for . turcicus on breaks and middlings and

lower on taillings and low grades. The totals agree with pre-

vious experiments indicating a decrease in suitability of the




¢

3
oy«

four fractions from tailings to low grades to breaks to midd-
lings £ the production of offeprinz. .An analysis of vari-
ance showed no significant differences between fractions (LSD-
.05 equals 13.9). Significant differences between grades were
observed only on tailings where the germ tailings was signifi-
cantly better than the other two grades.

Discussion

The calculated absolute indices increased as milling

rade was lowered in the middlings, teilings and low grade
fractions. &g uged in this thesis, the absolute index 1is
a measure of the suitability of the environmeat for the in-
crease of the species. 4As temperature and relative humldity
were congtant, the index values indicate that nutritional
differences of the foods may have had an effect on the numbers
produced. The amount of bran and germ chips in relation

to endosgperm increased as grade was

"

fractions mentioned above. The lowe
were obtained on middlings wnich 1is
highest absolute index in the break
the third grade, the first break bel
the fifth break being half that of ¢
explained by the fact that although
of the whest kernel are present in I
congiste of large chunks and in this
available to the young larva. Third

lowered in each

of

P
ve

st of the absolute indices
almost pure endosgperm. The
Traction was obtained on
ng helf this amount and
he first. This may be
2ll the component parts
irst break, the Lfood
form may not be readlly
break is siwmilar to




first break in composition but the particle size is reduced

e

in the third bresk probably making it easier Zor the young

larva to feed. The fifth break consists almost entirely of

o

bran and appears to be of much poorer nutritive value than

3
T
b

i .

the other two grades for the lncrease

o]
g’

the species.
Almost twice as meny ¥y adults were produced on tail-
B

ings as on low grades by C. turcicus, but the mean time to

them was l.5 days longer on tailings. Approximately

produce
25 per cent fewer adults were produced and the number of days
required to produce them was slightly longer on breaks than

on low grades. The fewest adults were produced on middlings

A

and it took almost a week longer for them to reach maturity
than it did on the other ‘three fractions. +The ratio of num-
ber of progeny produced to the time required to produce them

M)

should provide a comprehensive index of the sultability of

the milling fractions for the increase of (. turcicus as it

takes into account the number of eggs laid, mortality of eggs
and larvae and rate of larval development. It also includes
the effects of interaction between the various stages such as
cocoon damage by larvaes

On the basis of the absolute environmental indices the
four milling fractions czn be roughly divided into two groups:
breaks and middlings on which rate of increase of (. turcicus
wag low, and tailings and low grades on which 1t was higho.

This coincides with the results obtained by Smallmasn and Los-




W

chiavo (1952) for . confusuite

bl 3

significant differences were shown between grades with

regpect to both number of Fl adults produced by C. turcicus
and the mean number of days required to produce them. These

PN

results may be due to the unegual distribution of nutrients

in the various grades of each fraction (Table T). niddlings

are mogtly endosperin with less n 1s present in the
other fractions. #irst and third break contain all the esgs-
ential parts of the whole kernel while the fifth break con-

sists of almost pure bran. The removal of germ particles

o

from the diet may be the reason for the poor rate of increase

on this food. Although first end third break are similar

third break congists of finer par-

A1

the fact that

o

chemically,
ticles may make it easier for the insect to eat. Thig is
reflected in rate of growth and reproduction.

The number of progeny oroduced by one pair of adults

of each species in 30 days showed that for C. turcicus, the

largest number of progeny was formed on tailings, the nume-
bers being reduced on low grades, breaks and middlings in
descending order. Compared with the 8.6 offspring per female

of G. turcicus obtained by Bishop (1959) for the entire life

ez

"\O

time of the female, the present results are high. 3ishop (195
used equal parts of wholewheat flour end wheat germ as & food
mediuvm. The present results indicated poor production of pro-

geny on germ tailings which is high in protein (mable I),

although the present results of 14.4 progeny per female in a
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period of 30 days is almost double the figure reported by
Bishop (1959).

11ts obtained for C. ferrugineus indicatbted that

"he res

<

this species showed less variation in number of progeany formed

on the different foods than did C. turcicus. iost offspring
of C. ferrugineus were nroduced on tallings; fewer were pro-

duced on low grades, breaks and middlings in descending order.

This co¢mcvdes with the results obtained with C. turcicus.
The number of insects in the verious fractions in mill-

ing machines will be determined by the number of insects
added to the fraction as well as by the suitability of the
food for insect growth and reproduction. Willis and Roth

P

(1950a, 1950b) demonstrated that attraction of ©. castaneum

¥k
L

to flour was affected by the molsture content of

et

he flour,

devending on whether the insects were starved or satiated

1 moisture

[

118

f—

they might be attracted or repelled by food of a

ed that moisture content of the

c}-

consent. Dyte (19861) sta
food appeared to be the most important factor in determining

where large populations of C. turcicus would build up in millse.

Bl

-3
AL

The present data tends to refute this belief as gignificant
differences in the number of offspring produced were observed

between Toods when moisture content was held consgtant.

.J

Tngects can be introduced inbto a milliang fraction by
choice, by chance or by both (Loschiavo, 1959). In flour

wills where the stocks are moved mainly by gravity, insect dis-
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tribution may be by chance more so than by choice. (nce bthe

insects are present in a particular stock their rate of in-

;

crease may be governed by nutritional value as well ag the

i

temperature and moisture content of the Loode




CHAPTER IX

BRFECT OF LILL STOCKS ON COVIPOSITION OF C. burcicus AlD C.

ferrugineus

“ethods and matbterisls

3

Two experiments were conducted to determine the effect
of food on egg production. The first wag carried out in des-
iccators masintained at 90°%. and 90% R.H. One pair of ome

week old adults of C. turcicus which had not been allowed 1o

nate were placed in each of five, two ounce salve tians coa-
taining one gram of one of the 12 stocks. ggs and young
A

larvae were removed weekly. fhe experiment was terminated at

the end of seven weeks because egg laying becane erratic.

id

Dead males were replaced at each examination and females which
did not lay eggs were discarded and replaced. Although a ster-
eoscopic microgcope was used, it is probable that egg counts
were lower than sctual since some of the eggs may have been
misged, particularly in the coarser 8TOCKS.

The second experiment wag conducted in the same way as

the first, for each of (. turcicus and C. ferrugineus, except

L

hat the relative humidity was lowered to 70 per cent.

the results for exveriment one are pnresented in Table

EXIX and summarized in Table ZXX. There was no significant
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PTABLE XXIX

POMAT NUEBER OF EGGS PER FEMALE OF C. turcicus O THREE GRADES
OF FOUR MILLING PRACPICHS IN SEVEN WIEKS AT 90°9F. AND 90 PLR
CENT RELATIVE HURIDITY

Replicate
Pracivion Grade 1 2 3 4 5 Tota. Mean

Break Tirst 20 87 67 as 687 382 VG ol
Phird 53 51 54 60 51 269 558
Tifth 8% 109 81 151 138 566 113.2

Total 280 247 208 282 256 1217 8l.1
widdlings FPirst & - - -~ - 8 1.6

Ly i 15 -— -- 16 D08
Pifth 65 86 79 6 - 256 4.2

(OX

Total 75 87 94 6 — 260 17.

Taeilings First 82 96 87 100 98 458 91.6
fourth 72 76 84 75 77 384 76 .8
Germ 51 43 37 40 38 209 41.8

Total 205 215 208 2156 208 1051 70.1

Low grade irgt 76 111 82 93 88 450 90.0
Second 1%¥5 100 125 9L 136 627 185.4
Third 30 37 - - 75 142 28.4

Total 281 248 207 184 299 1219 8l.3




ABER OF EGGS PER

OF POUR LTLLING unﬁ‘MIcfﬂ

..._LJ.R .1-14.1"_1.

BELALE OF C. turcicus ON YHREE

89

TABLE X2

GRADES
AD 90

IR uLV,u.L‘ WIEEKS AT 900F.

RELADIVE HULIDILY

iean no.

Fraction Grade of eggs liean LSD.0b
Break Pirst 76 o4
Third 5548
rifth 113.3
Mean 8l.1
1L8D.05 26.2
Middlings First 1.6
Third 3.2
Fifth 47 o 2
lean 17.3
TL:S‘,D@OS 5404‘:
Tailings diret 91.6
Fourth 76.8
Germ 41.8
ean 701
L3D.05 8.1
Low grade PMrst 90.0
Second 1256.4
Third 284
Mean 8l.5
1L8D.05 377

£
[ex)
o
L]
(@]
N

15.2




difference in the number of eggs laid between breaks, tail-

(e L)

ings or low grades, but significantly fewer eggs were laid

on middlings. There was a significant difference in the num-

ber of egps 1laid between each grade of tailings with fewer

eges being laid as the grade was lowered. ..0re eggs were laid

cantly fewer ezgs were laid on third low grade than on first
or second low grade. There was no difference between either
first and third break or first and second low grade.

The results for experiment two are presented in Table

-

Ge Burcicus and

rx

summary for both specles

cicus laid significantly fewer eggs at 90°7, and 704 R.H. on
breaks and low gradeg than on tailings. Jfewer eggs were

laid on middlings than on any other fraction. The nuuber of
eggs laid by L. turcicus on first break was gignificantly
lower than that on either third or fifth break which were
egual. Significantly fewer eggs were laid on fifth wmiddlings
than on first or third middlings. The latiter two grades were
equal. 1o significant differences were observed between
orades of tailings, bubt significantly fewer epgs were laid on

first and third low grades than on second low grade.

Bishop (1959) renorted the lifetime average nuuber of
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TaBLE XTI

NULBER CF

WEEK FOR C. turcicus CIl i
ACH A 9008, AND 70 Pir
[VE HULIDITY

AT A TV
Ur s -D.Xi::}

Wesk
Praction | Grade|fFemale | 1 2 3 4 5] 5] 7 motall Mean
Break PMiret 1 0 8 1l 5 ) 8 2 40
2 9 13 12 & 8 11 7 66
5 0 8 2 5 5 4 1 25
4 7 7 2 7 9 8 & 4.1
5 5 8 3 15 5 1 2 38
6 0 9 3 4 4 7 2 29
7 7 7 5 5 11 ) 5 46
8 2 10 11 5 5 4 2 39
9 0 4 14 9 7 o) 3 43
10 0 9 10 4 8 8 5 4.4
Potal B30 8% 73 83 69 61 32 411 41.0
Thira 1 16 12 9 3 8 4 0 52
2 17 46 6 5 11 7 g 101
3 3 20 6 4 8 4 0 45
4 9 13 9 1 3 0 0 35
5 19 11 21 8 8 2 0 69
6 12 17 3 8 9 2 2 53
7 1L 12 19 8 8 7 5 70
8 12 10 9 5 11 6 2 55
9 9 9 11 8 8 5 2 52
10 23 16 12 g 5 5 0 70
Total 131 166 105 59 %9 42 20 602 60.2
#ifth 1 25 27 16 11 12 9 5 103
2 10 19 6 2 0 1 0 38
3 0 8 21 12 7 5 4 58
4 14 21 10 2 10 & 0 63
5 9 27 19 S 0 2 4 70
6 28 19 17 16 10 8 7 105
7 12 24 14 15 7 8 2 80
8 18 22 6 4 2 1 1 55
9 16 17 11 4 6 6 2 82
10 9 18 24 8 3 2 4 68
notal 140 202 144 81 b7 49 29 702 70.2
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PABLE XTI (Continued)

Nej
(N

Week

Praction | Grade|female | L 2 5] 4 5 6 7 |fotal
Tailings sirst 1 8 3% 4 12 13 6 1 83
2 17 12 6 0 2 0 1 38

3 25 47 1 17 17 13 9 143

4 12 .15 5 2 8 1 2 46

5 o 33 5 23 37 22 6 126

5 5 28 16 18 13 9 7 28]

7 H &9 7 S, 7 8 Z 77

3 10 29 13 10 4 6 12 84

8 24 6 11 13 9 7 78

ic 15 2% 17 1 16 10 6 105

Total 106 289 94 118 180 84 B3 874
fourth 1 24 15 6 12 8 8 4 77
2 27 18 8 g 21 12 7 108

3 26 14 4 17 19 3 2 84

4 31 10 g 11 14 5 5 86

5] 17 1% 11 14 1o 16 9 26

5] 24 17 7 18 27 13 4 110

7 12 22 8 16 22 3 6 88

8 18 25 9 11 g 8 5 85

9 11 1% 18 1&g 17 4 3 78

10 9 1¢ 12 16 23 16 8 103

motsl 198 166 92 135 176 88 bH4  ¢09

Gern 1 6 18 1%¥ 10 17 3 4 75
2 i1z 21 3 17 29 21 18 121

3 24 B4 % 17 31 28 30 16l

4 3 27 5 3 7 2 4 51

5 4 26 1b 6 4 O 8 63

6 21 25 2 13 19 &0 3 103

7 16 1% 13 g 11 2 6 76

8 17 20 3 g8 27 18 13 106

9 9 25 4 11 e 5] 2 66

10 8 2l 6 17 10 18 2 82

motal 120 236 71 111 164 11z 90 904 ©90.4




(Continued)
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Week
Traction | Grade|female | 1 2 5 4 5 6 7 wotal| Mean
Tow grade Pirsgt 1 12 31 7 11 3 0 1 65
2 19 13 4 16 3 2 O 5%
3 4 14 4 14 3 P4 45 44
4 0 2 9 7 2 0 0 20
5 25 19 7 2 0 1 1 55
6 16 8 1b 9 5 3 2 58
7 4 26 11 3 7 2 0 53
8 7 17 22 0 7 2 1 56
9 3 18 5 11 4 1 37
10 8 7 4 13 5 2 4 43
motal 98 149 88 86 39 15 13 488 48.8
second 1 15 31 11 3 17 0O 18 95
2 12 17 £2 3 4 7 1 66
3 189 &6 11 18 4 1 1 80
4 21 18 0 9 0 1 0 4.9
5 36 28 2 9 0 3 0 78
6 £4 19 o 11 14 8 b5 79
7 13 23 9 v 0 2 3 5%
8 186 12 24 7 4 3 2 68
9 15 & 17 g 11 3 9 90
10 28 14 3 7 7 4 2 59
motal 19% 209 99 82 61 32 39 7lb 7l.5
Third 1 26  1b 7 4 1 0 0 53
2 0 21 g 14 3 7 2 56
3 16 4 12 11 7 2 3 55
4 24 g 11 10 6 2 4 66
5 714 3 2 1 0 2 29
8 11 19 6 15 B 4 1 61
7 8 22 11 10 9 2 0 62
8 7 17 vo12 3 2 2 50
9 0 18 10 10 7 8 3 56
10 4 25 7 8 4 0 1 49
motal 10% 164 8% 96 46 27 18 537 B3 o7




o OF EGGE P Liiallf PER W POR C. ferrugineus CX
RADES O IOUR LLING ACHT AT 900y, AND 70 PER CENU
REIATIVE HUMIDITY
Week
Praction| Grade|Female |1 | 2 | 3 | a | 51 6| 7total | Lean
Break dirst 1 5) ) 4 1L 8 12 20 56
2 160 12 14 6 1o 14 13 95
5! 6 g 14 18 80 19 12 98
4 6 9 9 6 4 g 17 30
5 10 1v 14 16 11 1g 27 107
6 9 14 2 2 8 1l& 16 77
7 10 21 9 6 10 11 11 78
8 4 15 Z 5 12 6 9 53
9 23 6 1z 11 17 8 1b 92
10 7 7 18 13 10 12 7 74
notal 90 116 105 111 116 115 147 800 80.0
Third 1 9 9 14 9 8 16 12 &l
2 10 9 21 11 11 10 6 78
3 17 10 g2 10 1l 16 6 o7
4 20 24 12 24 20 g9 22 131
5 6 16 18 10 1lg 20 21 103
5] 5 7 8 19 14 4 1z 69
7 10 14 24 16 1b 6 5] 90
8 13 19 18 g 11 9 4 82
9 14 19 17 L7 20 8 3 98
10 8 8 16 12 9 11 10 74
notal 112 135 170 136 136 109 101 89¢ 89.9
#ifth 1 i1 10 5] 4 15 3 8 56
2 15 19 13 10 8 g 15 87
3 15 15 15 15 16 16 &7 119
4 10 15 12 12 g8 10 7 74
5 14 20 6 4 8 11 22 85
6 13 19 18 12 6 7 10 85
7 9 12 3 8 15 4 5 56
8 14 87 16 15 16 16 18 117
9 17 14 10 18 21 8 3 91
10 12 8 13 9 3 7 g 54
Totel 128 159 111 107 116 91 112 824 8204
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PABLE XAXIT (Continued)

Week

Fraction | Grade|Female | L 2 5 4 5 6 7 | Total| vean
iddlings first 1 3 5 1 3 0 0 1 11
2 7 b 4 4 0 1 0 21
3 3 1 0 1 0 0 0 5
4 10 17 6 3 2 1 0 39
5 4 8 2 7 4 3 1 29
6 1 6 4 5 3 1 0 20

7 7 14 10 5 2 2 0 O PRt

8 2 9 9 9 3 4 2 38
9 7 2 3 6 5 2 1 26
10 5 6 5 b 8 7 3 39

Total 49 11 44 48 27 21 8 268 26.8
Third L 2 3 5 5 1 3 3 20
2 4 6 1 2 2 4 4 23
3 3 6 2 2 1 1 3 18
4 5} 4 2 1 3 2 4 21
5 4 3 3 2 3 1 0 16
6 2 5 5] 7 2 1 0 23
7 8 6 5 1 a 1 1 24
8 4 g 11 6 4 L 4 39
9 3 4 3 1 2 1 0 14
10 5 2 4 8 5 2 3 29

Total 40 48 40 35 25 17 22 827 28.7
Fifth 1 5 5 2 4 4 3 1 24
2 12 13 6 7 5 5 22 70
3 7 8 4 10 22 19 =20 20
4 4 6 22 15 8 0 2 57
5 3 2 18 5 4 7 2 41
6 3 3 11 24 9 11 6 67
7 7 2 3 12 16 13 3 61
8 4 v 13 1lb 11 5 8 63
9 6 17 15 8 4 2 0 b2
10 9 13 7 7 4 2 1 43

motal 60 76 101 107 37 67 70 568 56.8
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TABLE XXXIT (Contbtinued)

Week ,

Praction| Grade|Female | 1 2 3 41 b 6 7 | Total| ean o
Tailings Firsdt 1 12 16 11 11 10 12 26 98
2 8 3 9 10 14 7 5 61
15 20 21 24 26 1l4a 14 24 143
4 7 g 15 16 19 20 20 105
15) 9 10 5 4 6 7 14 55
15 8 17 21 7 14 8 5 80
7 1 ) 5 20 4 10 7 50
8 6 3 4 18 13 11 10 65
9 7 12 11 10 8 9 11 68
10 12 18 18 15 12 8 5 86

Total 90 114 123 137 114 106 127 811 8l.1

Tourth 1 6 7 5 4 5 7 7 41
2 15 280 8 9 2 2 13 69
53 7 8 12 1z 6 8 8 61
4 4 9 2 5 5 4 8 38
5 1y g0 1l 13 8 12 7 89
6 0 5B 37 21 12 6 3 84
7 1 15 13 14 9 9 14 75
8 5 13 9 14 8 2 5 56
9 11 28 3 7 7 5 6 61

10 %z 15 10 12 11 1L 9 71
Total 69 134 111 111 74 66 80 645 64.5

Germ 1 7 10 9 20 20 24 13 103
2 10 13 6 5 8 8 3 15354
3 5 6 9 7 7 10 5 49
4 6 4 B 10 11 9 8 1535}
5 0 6 4 7 2 2 3 24
6 12 14 9 6 7 14 4 66
7 7 14 8 9 8 Vi 8 61
8 2 5 8 7 7 12 11 52
9 6 10 11. &5 10 4 2 48

10 9 b 18 16 16 9 12 75
Tobal 64 87 77 98 96 99 69 584 B8.4




TABLE XXXII (Continued)

98

Heek
fraction | Grade|Female | 1 2 3 4 5 6 7 | Tobal| iean
Low grade First 1 8 8 8 10 10 17 7 63
2 17 20 22 18 16 19 7 119
3 9 12 4 2 5 6 3 41
4 4 9 3 8 13 13 6 56
5 0 6 5 8 8 16 11 54
6 11 15 23 7 10 6 4 76
7 14 18 5 21 16 8 2 84
8 4 5 6 37 16 21 9 98
9 35 11 5 26 12 2 9 110
10 8 13 6 9 12 8 3 59
motel 110 117 87 146 118 126 61 765 76.b
Second 1 14 20 6 7 20 23 1l 101
2 12 24 10 15 20 17 10 108
3 13 14 4 3 8 8 7 57
4 5 3 8 20 11 11 2 60
5 10 13 6 9 9 20 3 70
6 8 12 5 8 7 7 6 53
7 2 16 2 5 14 ¢ 3 42
8 5 8 18 19 13 14 12 89
9 5 5 7 16 22 14 12 81
10 12 15 24 19 11 21- 8 110
Total 86 130 90 121 135 135 74 771L  77.1
Third 1 13 16 10 10 12 14 7 82
2 7 7 280 12 7 8 5 66
3 10 17 12 1l 16 19 10 100
4 6 7 6 6 13 16 8 82
5 8 8§ 13 13 11 12 8 73
6 13 6 11 15 14 6 7 72
7 4 11 6 7 8 3 5 44
8 3 24 24 8 2 0 0 61
9 6 13 18 18 11 3 13 82
10 9 16 19 12 10 10 5 81
Tobal 79 125 139 117 104 91 68 723 M2ed




TABLE XXXTII

LBAN NUMBBR OF EGGE PER FEMALE FOR TEN I

FOUR C. turcicus AllD C. Ferrugineus ON 1

RILLING FRACTIONS AT 90VF. AND 70 PH
HULIDITY

Co turcicus C. ferrugineus
iean no.; LSD.0b liean n0.| LSDL.0D
Fraction Grade of eggs | fraction of eggs |fraction
Break First 41,0 80.0
Third 6062 8969
Pifth 70e2 82 .4
iean 5762 1565 84.1 18.0
Middlings Tirst 277 2648
Third 269 227
Wifth 19,0 5668
iiean 245 668 3564 12.2
Tailings First 87 o4 8l.1
fourth 90,9 64.5
Germ 904 58.4
iiean 89,6 24.6 72.1 20.1
Low grade first 48 .8 6865
Second 715 7761
Third 537 7263
Liean 58,0 11l.5 75.0 1846

LSD.0b 9.1 9.9
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eggs laid by C. turcicus to be lower than the seven week

average obtained in the yresent study both at 90 znd 705

de

R.H. ‘Yhese differences may be exolained by nutritional difr
erenceg in the food medila.

C. ferrugineus laid more eggs than C. turcicus on all

fractions except tailings (Table XITI), [ the four

nale

]

fractions being 65.0 eggs per female or 7.7 eggs per I
more than C. turcicus. There was no significant difference

in the number of eggs laid by C. ferrugineus on

low grades, but there were fewer eggs lald on breaks. 1g8
production on middlings was significantly lower than on any
other Iraction.

There were no siznificant differences in the nwuber

of eggs laid by C. ferrugineus on various grades of

s
¥

and low grades. llor were there any differences between fire
and bthird grade wmiddlings but there were fewer egges laid on

antly fewer eggs were lald on germ

9t
fa

tailings than on the first and fourth grades, the latter two

heling egual.

¢. turcicus laid most egge per female per week during

the second week of the seven week oviposition period o1

h)

eacn

o

¥

the four Tractions (Pable XXXIV), the rate then Tallin

Hh
(T o]

0
steadily for the remainder of the experimental period. QLo

ferrugineus laid more eggs then C. turcicus except during the

first two weeks and continued to lay at a fairly constant

rate during the remainder of
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ugineus continued to lay beyond this period. o turcicus

laid most eggs on tailings, while C. ferrugineus laid most

egzs on breasks. Both species laid significantly fewer egas

0

o

on middlings than on the other fractlions.

Discussion

fhe number of exgs laid by C. turcicus and C. ferrugineus

oy LY

are affected by the quality of the food available to the adult
femalegs. This disagrees with the work of Dyte (1961) who stated

it appears that numbers of C. turcicus are directly dependent

A

on Lime and moisture content but that different levels of nut-
sonal value make no detectable contribution to these nuiibersyoe
fan b

At 90°F. and 70% R.H., C. ferrugineus laid more eggs per female

)

oie}

then did C. turcicus. This agrees with the work of Bishop
(1959) except that hig figures for egp production are lowe

Ye recorded the lifetime average number of eggs per female of

<D

0. turcicus and Ce ferrugineus to be 6.6 and 34.5 respecti-

vel whereas. in the nresent study, under the sane conditions
A b S o 7

[

of temperature and relative humldity, & sever week total of

57.% and 65.0 ezgs per female was recorded. In preliminary

L
&,

segbs on oviposition in the laboratory it was observed tha
significantly fewer egzs were lald when the females were

ol

they were caged in Ttwo
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thouzh there was an equal food supplye.

I S -
cing o

}._J

ounce salve 2

mhe difference in the number of egze laid may have been due

o surface arex. Bishop (1959) did not specify the size of

[ d

the cage used to hold insects in his oviposition experiments.
Cage size therefore, may have resulted in an under estimation
of egg production by Bishon (1959).

During this investigation, no egg cannibelism by elt!
species wag observed. Shepard (1936), Rilett (1949) and

Bishop (1959) all reported C. ferrugineus to eat its own egzs.

e

T ege cannibalism was a factor in the present experiments, egg

gunie

w
)

comnts would be lower than actuval. It is reasonable ©o
that a species with camnibalistic tendencies would be most
sbundent in a food which was adeguate nutritionally and in
which the insect could best protect itself from cannibalism.
This assumption is substantiated by the data whi ich show the
hishest number of egos were present in the break fraction.
This is the coarsest food material included in the experl iment.,
there being numerous cracks and crevices where ezgs could be
deposited and be protected from cannibalism (Figure 9).
smith (1962) studied the rate of oviposition of T.

ferrugineus on wholemeal flour and reported 7.27 eggs per

A

female mer day over a 30 day period ab 88%F. and 700 R.H.

Tor the First 30 days of the present investigation, C. ferr-

~ -

ugineus females laid an average of 9.7 egas per female per




Pigure 9. Particles of first break stock showing

cracke and

crevices in which eggs and larvae of C. ferrugineug

may hide and escape from cannibalisd.
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day at 900F. and 70% R.H. The increase of almost 2.5 eggs per
female per day may have been due to a combination of particle
size of the food, slightly higher temperature and nutritive

value of the food. 1In a period of 25 days, Rilett (1949)

found the rate of oviposition of C. ferrugineus on whole wheat

to be £.54 eggs per female per day. “his is considerably lower

[

than the results obtained by Smith (1962) or in the present
investigation, and it may have resulted from the fact that
Rilett (1949) did not remove eggs or young larvae but waited
for adults Lo mature and emerge. Thig may have resulted in a
distorted picture of oviposition due to mortality, narticularly

if Co. ferrugineus is cannibalistic. It is also possible that

——s

Rilett's results (1949) were due to the food on which the adults

by

were reared. Tresent results indicate that Lfood will alter the

number of eggs laid. This indeed is an important factor not

included in investigations by Rilett (1949) and sSmith (1962) .
Tefkovitch (1962) reared C. turcicus on wheatfeed and

recorded 8.7 eggs per female per week for the first seven

weeks of the 12 weeks he studied oviposition at 90%F. and 20%

=

R Thig compares favorably with the results obtained 1in

s Lo B

t

this study showing an aversge of 8.9 eggs per female per week
ot 900", snd 907 R.H. #he increased rate of oviposition re-
corded Tor the present study on breaks, tailings and low
grades and the depressed rate on middlings may be explained

~

on the basgis of nutritional value of the food. the food media



107

g

used by Lefkovitch (1962) consisted of bran and endosperm
which igs a less nutritive food, as suggested by chemical anal-

7sis (Table T) then the break, tailings or low grade fractionse.

.

On the basis of egg production, C. ferrugineus could

possibly become more numerous than C. turcicus in milling

machines. This does not take into account such factors as
O

interspecific competition or cannibalism, but it is certainly

reagson to suspect that C. ferrugineus could become & pest in

flour mills if it could overcome the mechanical barriers such

ags cleaning of the wheat and scouring with water, which tend %o
b
%]

keep the insect out of the mill even though 1t may come into

]

the elevator portion of the plant with the wheat supply.
Crombie (1942, 1944), Boyce (1946), Laclagen (1932),
Richards (1947) and Park (1933) reported that insufficient

food had a depressing effect on egg production. This factor

could not exert itself in the »nresent investigations as only

one pair of adults was placed in each cage with an excess of
fo0d. TLefkoviteh (1957) claimed that changing the food for

oviposition experiments could devpress or lncrease the rate of

egg laying or delay the onset of oviposition and 80 not give

Y

a true picture. In the present experiments, 1t was felt that

enough food was presgent to preveant appreciable contamine vbion

A

i o

of +the Ffood with the resulting effect of decreaged Oviposi=-
tion (Park and Lloyd, 1955).

Tarson and disher (1924) found that feeding Bruchus
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gquadrimaculatus fab. substantially increased oviposition.

Blake (1961) observed that the presence of food did not sig-

nificantly increase oviposition by inthrenus verbascl (Lo)o

@
i

nhe nresent results lend support to the date gathered by

&

Tarson and Fisher (1924) which showed that food did alffect
oviposition, and are contradictory to the results of Blake,
(1961), Dyte (1961l) and Lefkovitch (1962b), all of whom claimed

that food had little or no effect on the rate or increase in

numbers of insects.



BEAECT OF FO0D FPARTICLE SIZE ON COVIPOSITICH BY C. turcicus

AND C. ferrugineus

3 ol

wethods and materisls

S

Effect of food particle size on oviposition by C. tur=-

cicus and C. ferrugineus was determined using first break

stock as the food medium. Duplicate lots of ten, two ounce
salve tins each containing one gram of the food material and

one pair of one week old adults of either species which had

-

not previously been allowed to mate were set up. In half of
the tins the food consisted of particles of first break stock
sufficiently large b0 be retained by & 10 mesh to the inch

ng the food was firet break

}.Jo

sieve. In the other half of the
stock which had been ground in a Wiley iill sufficiently fine

to pass through a 30 mesh to the ineh sieve. The tins were

1

stored in desiccators at 90%F. and 70% R.H. for a period of

s and larvee were removede.

ga

seven weeks. ZHach week the ezg

Results

significantly fewer eggs were laid by C. Gturcicus on

NS

coarse Tood than on fine food (Table XXXVI) but there was

no preference for a particular particle size by (. ferrug-

ineus (Table AXXVII). The mean number 0% eggs per female per

week for both species on coarse and Tfine Tood (Table KXIVIIIL)
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PABLE XXVI

ERFECT OF POCD PARTICLE SIZE O THE IULBLR OF EGGES PER FEUALE
PER WEBK FOR C. turcicug af 90°P, AND 70 PER CENY RELADIVE
HUEIDITY
Week
Hood Female Revo 1 3 4 5 6 7 Potal
Coarse 1 1 0 8 7 6 6 & 2 33
2 0O 1z 17 10 6 4 1 50
3 0 8 2 10 7 5 3 4z
4. - - - - - - - [
5 1 9 12 5 4 2 5 36
6 2 1z 8 7 4 2 2 37
7 9 9 7 & 1 1 0 22
8 0 5 15 11 7 5 2 45
9 - - - - - - - .
10 0 23 12 10 4 3 2 54
Total 3 86 87 83 39 26 1b 319

1 2 O 5 7 2 2 2 1 19
2 0 10 153 5 4 1 0 35
3 - - - - - - - -
4 6 19 7 5} 3 3 2 45
5 1 18 7 10 3 2 0] 41
6 o 1 7 6 2 2 1 &0
7 - - - - - . - —
8 3 16 11 10 0 1 1 42
9 ¢ 10 4 9 3 L 2 29
10 ¢) ) 1 4 3 z Z 18
Total 10 96 BY Bl1 20 14 9 257




TABLE OVI (Continued)

lieek

Hood Female Rep. 1 2 5! 4 5 6 7 “otal
iine 1 1 19 50 1o 21 7 9 $) 125
2 2b 435 21 4 5 1 0 97

3 26 30 2 7 2 o o 74

4 22 57 £0 4 2 3 3 91

5 - - - - - - - -

6 31 31 29 12 4 9 7 123

N 7 41 17 16 1z 11 3 6 111
: g . - - - - - - - -
9 80 B0 28 486 26 20 9 239

10 887 42 11 5) 0 3 0 97

Total 259 500 147 112 55 B 31 957

1 2 55 4z 30 19 5 4 2 136

2 - - - - - - - -

3 3 1l 2 3 0 0 0 19

4 20 3 5 2 7 5 S 50

5} 25 28 21 12 S 6 4 100

6 25 35 28 10 7 4 3 112

7 29 32 7 10 3 4 2 87

8 25 46 17 5 1 6 1 99

9 45 71 25 20 9 g 11 188

10 8 9 23 25 11 5 0 81

Total 207 282 158 106 50 45 26 872
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TABLE XXVII (Continued)
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FEEPTTTSNTCR
VTR
i .L'JJ_‘:J,\..;CJ

OT

Cs turcicus’ Ce. ferrugineus'’
Veek Coarse food | Wine Tood Coarse food | #ine food
1 0.8 27 o4 663 1.7
2 11l.4 3402 103 17 .4
3 9.0 1769 1209 469
4 7ol 12.8 14.9 14,0
5 Be7 662 11.9 117
8 2eb 5.6 9.8 11.4
7 165 3o 6.5 11.5
Potal 3660 107 .6 5846 65.6
Mean 5.1 15.4 8o 9.4

17 equals 32.0; F.0l equals 7.53

,.

11D gquals 0.38; F.05 equals 4013
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-y

shows that ¢. turcicusg laid mos econd week and

®
4]}
)
4]
}_:-
pat
o
O]
0

-

oviposition declined steadily from then on until the eand of

the experimental period. During the first week, (. turcicus
laid very few eggs on coarse food and many on fine food. Hrom

the third to the seventh week, roughly twice asg many eggs

vere laid on Tine food as on coarse food. In the first week

of oviposition, C. ferrugineug laid relatively few eggs on

e .

few on fine food. By the second week,

-

egz production on fine food

|..4

hed almost doubled that on coarse
food, but from the third to the seventh week the number of

eoos laid was about egual on both types of food. G ferrug-
DO i o hudl »)

ineus maintained a fairly constant rate of egg production

from week to week with almost as many eggs being laid per
DO &

-

female in the seventh week as in each of the previous four

or five weekSo

Discussion

Tood particle size did not affect the number of eggs

laid per female per week by C. ferrugineus, but C. turcicus

laid “lgﬂlllcwﬂuLV fewer eggs on coarse Loode
Previous experimental work has indicated that nutri-

tional differences of food will alter the egg laying capac-

o e

i$y of C. turcicus and C. ferrugineus. o reduce the natri-

tional effect as much &g possible in this experinent, the

firat break stock was used. This stock contains all the ¢Ooli-




ground in the Wiley

shaet @11 the stoek p

go the chemical coip
heen altered. 'The £

egzg production of Co.

Terrugineus be e

in which each specie
is usually associate
hag been partly or ¢

usually assoclated w

*«

to lay its eggs on ¢
reared on whole whesa
eased four-ftold and
period of 60 days.

small larv

=
=

the current study iv

G, ferrugineus would

—

the fine food &g the
coarse food in which

~balism. The rapld 1

he due to some exbtent

their habit of burro

Pood particle

o

cetles (Howe, 1949;
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o
Hh

cernel, and when part the Foo0d was

1

2111, extreme care was exercised ©O See

asged thro

m
P
=
[©)
B
O
‘.1
jy
0]
°

e
)
(BN
W
=
&

w
o
O
st
0]

oeition of the finely ground food hed not
act that food particle gize did sffect

turcicus and did not affec
xnlained on the basis of the environuent
s is usually found in Canada. C. turcicus
kernel

d with mill

OIEY

L)

letely g

ith whole grain and ig, thersiore,

carse material. Soth speclies have been

laboratorye (. turcicus incr-

(. ferrugineus increased twenty-fold in a

ae had not been removed each week during
ig assuned that e larger populatiocn of
have built un on the coarse food than on

la

(‘D

vae night have found crevices in the
thev could hide and escape from camni-
ncreage of this ingect in whole grain may
t0 the protection afiforded the larve by
wing behind the germ of
gizne fects rate of development of Ptinid

2 T . wr m e et P
Jowe and Burges, 1953), ©. coufusum (Gray,

:
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(1948) and T. grenarium Zverts. (Hopkins, 1955).

—

-

The data presented in th

data previously presented that

ig meintained at a fairly const

seven weeks, while egg laying
inishes over bthe same period of
duction by (. turcicus in this gtudy is contrary to the pre-

vious chapter where it was found that . ferrugineus laid

more eggs on the bresk fraction than did C. turcicus. The
reagon for this aifference nay be due to the fact that on fine

2y heve laid more eggs than it would have

ey

[t

food, . turcicug

—

done on & mixture of coarse and fine particles, which 18 the

tyoe of Food used in the previous experiment. The dats show

that C. ferrugineus is able to oviposit equally well in both

coarse and fine foods, indicating that ovinosition oi this

sect sphould not be affected by the particle size of any of

the milling fractions




urcicus LD

B

ach grinding one of the three

o
O]
[
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[©)
H
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0
ot
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[45]
D

grades of the four milling fractions used as food in previous
g were selected in & flour mill in Winnipeg. In

each of the 12 rollg were nlaced two, three ounce salve tins

Ha

filled with the stock being ground by that particular set of

rolls. One set of tine conbained two pairs of one week old

)J

dults of C. turcicus, the other set, two pairs of one week

2

1

old adults of C. ferrugineus. The tins were gealed with tape

-

and sugpended below the rolls within the roll housing by means
of ghort lengths of wire. <he solve tins were removed every

A - -

30 dave and new ones were added. Phis continued for eizhtv
monthse. At the end of the eighth month, two sets of tins,
each set containing 20 vairs of one week old adults of C.

turcicus or C. ferrugineus and the appropriate food were

placed in the machines and allowed to remein there for 30
daves. Fach time & set of tins wag removed Irom the mill

n

they were returned to th

0]

laboratory where all larvae, pupae,

and adults were counted.

Regults

Considerabl ariation in the nuumber of ofifspring



nroduced each month

and C. ferrugineus

half as many offspring in the eight months as did C. ferru-

sineus. (. turcicus increased mogt rapidly on breaks followed

on breaks, nossibly because of the competition from mold for

the oxygen supply in the sealed contulners.

Tn 30 days, the 20 pairs of adults of C. turcicusg and

Co ineus produced roughly the same number of offgpring

b o/

h
0]
3
o
JQ
}_J

her nair of adults (Table WINXT) as dAid two pairs when the

~

eight month totels for production of

corroborates the data in

Table X

showing that approximately twice as

uginens ag (. turcicus were formed. Only a2 small wercentage

of the . turcicus larvee and approximetely ome third of the
larvae were dead at the end of the 30 day per-

i0d. The presence of a large number of cocoons and some g

o/

adults in the C. turcicus series, and only a few pupae and 1o

——

-
el

Fl sdults in the ¢. ferrugineus series, indicatved nat Ce tur=-

cicus developed more rapldly uvnder crowded conditions in mill-

ferrugineus.
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Discussion

salve tins within the milling mechinery, it was necessary 1o

woisture conbent of the stock (Table I) coupled with the high
temperature within the machines (fablell) allowed the mold

ingbance where & monthliy howed no insect 1life, mold

vas heavyv. Both C. turcicusg

5 I

and C. ferrugineus will eat mold which m be presgent on the

surface of food in & culture tube (Liscombe, unpublished data),

but when mold growth is heavy the oxygen may be depleted by the
mold and the insects would die.
Then temperature and relative humidity become marginal Tor

Iy

G. turcicus, developrment =nd reproduction may be adversely afif-

ected. Bishon (1959) and iLefkovitch (1962b) said the optinum

thig insect is 70 and 82°F.,

temperature for

respectively, coupled with a high relative humidity. Trevious

o e e C T Ty ATy Oy A
experiments in this study have shown that 907F. and a high

[42]

relative humidity allowed the insect to develop rapidly. This
makes it difficult to explain the difference in numbers of

erent To

2]

offanring of C. turcicus produced on the dif

bagsis of temperature and relative humidity, as al 1 mil

- \

were close o 90°%. (Table II) and moisture conbent was hig




o s Lo e s - " ;
b ig also difficult to explain the fact that & larger ponu-

lation of C. turcicus was observed on middlings than on tail-

ings or low grades, asg previous laboratory work showed middl-

=
o
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=
[}
fA¥]
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}

ct
s
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Ty
[}
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=
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[42}
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+

ings to be & poorer food for the
pogsible explanation may be that the slightly higher tempera-
tures of some of the grades of the tailings and low grades

fractions had an adverse effect on oviposition and larvel dev-

~

C. ferrugineus develops Taster above 90% . than below

this btemperature (Rilett, 1945) . Aslmost identical numbers of

ihis ingect were produced in 30 days on middlings, tallings

and low grad , & great many less on breaks. 1Lihe
reduced number on the break fraction may be due 1o
lower temperature of this fraction in relation To the other

three, and the heavy mold growih on the food. It appeared thatb

«. turcicus was more able Lo compete with mold growthe.

Tefloviteh and iilne (1983) suggested that 1f

{e
-3

Srr-

ugineus and C. turcicus were O opin access bo cereals toge-

o~
\/Q

ther, dry conditions, coarse food, low larval density and the
availability of refuges for pupation would favor the develow-

ugineus; moigt conditions,

GQ

}.,1

ment of large vpopulations of Co fer

fine food, moderate to high larval density and the absence of

refuges Tor pupation would favor large populaetions of €. tur-

A
——

cicuss They did not elaborate on what bthey congidered to be

moigh or dry conditions, nor low, moderatbe or high larval




density. Aslthough the species were reared sevarately in the

present gtudy, coarse food favored growth of C. turcicus rather
than C. ferrugineus and fine food Tavored . ferrugineug rather

than C. turcicug. 7Thig reversal of resulte may be due to the

fact that Lefkovitch and iidlne (1963) were basing thelr reason-

-

ing on laboratory data wihile the present results are based on

an experiment carried out in the mill.

The laboratory resulbtg obtained by Bishovn (1959) show-

ing that C. ferrugineus developed more rapidly than C. turcicus
at low dengities have been confirmed in thig thesis. Lefko=-

tceh and ilne (1963) stated that C. turcicus appeared to

develon faster end that more of the progeny survived on fine

food than wag found with C. ferrugineus. Yhe present study

s

showed thebt under the crowded, and somewhat arbtificial condi-
tions in flour mill machinery, C. turcicus developed faster

[
et

than . Terrugineus but more offspring were produced by the latter.

~ .

Growding increased cannibalisgm in C. ferrugineusg (Ashby
9

1961);: and in 7. confusuwn (Boyce, 1946; Chapuman, 1928; Chapman
and Baird, 1984a; Chapman and ‘hang, 1984b). Crowding also re-

duced oviposition of C. gurinamensis, A. obtectus (Say) and S

cereslella (0l.)(Crombie, 1942); of S. granariug (Le)(liacLagen,

1932) and of 7. confusum (Park, 1935). In the present swtudy,

—t

approximately cne third of the C. ferrugineus larvae and a few

A

of the turcicus larvae died in the 30 day period. 4al-

jo

ey

though the cause of death is not known, cananibalism may have



been partly responsible. Bven though the mortality of C.
ferrugineus larvae was higher than the mortality of C. tur-

cicug larvae, there were rougnhly one and one half times as R

many live larvae of C. ferrugineus as of C. turcicus at the

end of the 30 dav period when 20 pairs of a dults were placed

e

to account some of the fac-

g 2 EN

in each tin. Thesge rTesults take in

tors (environment and mortality) which would affect C. ferru-

.

gineus living within milling mechinery, and the results indi-
cate that this insect may become a pest in flour mills in

temperate regions of the worlde.



The aim of this invegtigation was to determine posgi-
ble effects of milling fractions of bread wheat when used as

food media on the biology of Cryptolestes turcicus Grouv. and

Gryptolestes ferrugineus (Stephs.). C.o bturcicug is an impor=-

tant pest of flour mills in temperate regions of the world

£

and C. ferrugiveusg 1s an important pest of stored grain. The

sgibility of C. ferrugineus becomlng a pest in flour mills

in temperate regions was also investigated.

vost of the experimental work wasg done in the labora-

tory, but ome ezperiment was done in a Tlour mill where the
insects were reared within the milling machinery.

N

medis in bthis investi-

o

The 12 mill stocks used ag foo
gation were collected from within the roll stands in & local
flour mill. 4 sufficient quantity of each stock was secured

8t the one time to prevent possible differences in chemiceal
composition of the stocks which might be evident in di fferent
mill runs. A porition of each stock sample was chemically

analysed for protein, ash, fiber and fat content.

The insects used throughout the investigation were

obtained from cultures of insects originating in rural Lianitoba.

e

Thege cultures were maintained in gallon jars using flour »lus

five per cenbt by weight of wheat germ as the food mediulie
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The thesis was divided into sections called chapivers,

each dealing with one aspect of the effect of wmill stocks
on the rate of development, survival, fecundity or rate of
increase of the species. During the course of the investiga-

<

tion certain asnects of the life history of (. turcicus were

-

noted. HBggs were laid loosely in the food material and hatched
in three to 12 daye depending on the temperature and relative
humidity of the enviromment. The larva passed through four
instars, the last instar being partly spent as an immobile
prepupa. During the latter part of the third instar or earl

in the fourth instar, & »air of silk glands was formed on the

ol

ventral surface of Tthe first thoracic segment. These silk

.l

glands developed rapidly and a tough silken cocoon Was gen-
erally formed before the larve transformed to the prepupa. The
newly formed adult remained in the cocoon for approximately

o]

two devs while the integument hardened and darkened, the adult
o o ?

then chewing its way out of the cocoon to feed and search for

2.

The effect of mill stocks on the rate of development and

sy}

survivael of C. turcicus was determined at a relative humidity

1

of 90 per cent and at temperstures of 90, 80, 70 and 6OOF9, and

of C. turcicus and . ferrugineus at 90°F. and 70% R.H.

At 90% R.E. and 90, 70 and 60°F. there was no significant

difference in the rate of development between individuals on

v

the three grades of any of the four milling fractions. 4t 80%m,



R.H. devel

and 909

oprent on third middlings was

129

e

a ignificant

1y

LN

[

G h? w2

glower bthan on first or f£ifth middlings, the latter two of
which were equal. Development on germ tailings was signifi-
cantly slower than on first or fourth tailings, the latter
two of which were equal,

it 909 R.H. and 90, 80 and 600F7. there was no signifi-
cant difference between per cent survival on the three grades
of the four milling fractions, but at 70°". there was a sig-
nificant difference between fraction gradeg of breaks, midd-

linegs and low grades. Survival on fifth break was gignifi-
cantly lower than on first or third break, om third middling
it wes significantly lower than on first or fifth middlings
and on second low grade it was significantly higher than on
first or third low grade. In each of the above fractions,
there was no difference in survival on the latter two grades.
When the grades of each of the four fractions were aver-
aged, there was no significant difference between rate of deve
elopment on breaks, tailings and low grades atb 907 . and
90% R.Z., while at 80°F. and 90% R.H., developument on tailings
was significantly faster than on breaks and low grades, bub
there was no difference between the latter twos. At 7091 . and
90% R.H. development was significantly fagter on breaks and
low grades than on tailings. AT 60%7. and 90% R.H. development
was significantly slower in the breaks than on tailings and
low grades. Development was significantly slower on middliings



then on any other fraction at all four temperatures and 90
2,7, The number of days reguired for development was increased
by roughly 50 wvwer cent for each ten degree . drop in temp-
erature until 607F. was reached where developuent time was
double that regquired at 70°w.

survival was not affected by milling fraction at 90 or

4t 809f. and 90 R.H. survival was fairly

uniform on breaks, tailings and low grades but was significantly

lower on middlings. 4t 60%¢. and 905 R there was no sig-

=

nificant difference in survival on middlings or teilings, but
survival on middlings was gignificantly lower than on breaks
or low grades.

—L

2t 90%¢. and 70 A.H. there were no significant differ-

ences in the rate of development between grades or Ifractions

urcicus. survival was significantly

-

and tailings than on bresks and low grades.

erature and relative humidity the rate of development of C.

!

ferrugineus was not altered by grades of the break or tailings

fractions, but & significant difference was observed between

S A

I

i
a4

}“_J

ings, the rate of development belng

[

o

211l three gradeg ©

increaged as grade was lowered. Chird low

-3

lengthened the rate of develonment over tha

“he rate of develonm

of . Tferruglineusg was more ranid

than that of C. turcicug on breaks, tailings and low grades

PRVERE LI



but equal on middlings at 9004, and 70, R.1. iore C. ferrug-

ineus than C. turcicus survived on widdlings, tallings and
low grades while survival on the break fraction was zbout
equal for both species.

Yimen (. turcicug was reared under crowded conditions

v ot o ki

<
3
€]
=
o
o
&
0]
3

ot 90%7. and 70 A.H., sigonificant differences in
of #7 2dults formed were observed between gll four fractions.
whe largest number was produced on btaillings, the sallest

number on middlings. Ghere were no differences in the mean

nuwber of davs reguired to produce q adults between breaks,

g..:

tailings and low grades, but significantly longer time was
required on middlings. significant 4 differences in the number
of jl sdults formed were also obgerved between all three grades
of bresks end tailings. On the break fraction, most adult

were formed on the third grade followed by the £irs
fifth grades. On tailings, most 7 sdults were formed 01 Zeri

o

tailings followed by the fourth and then the firs
Signifi s1y fewer adults were formed on the first low grade
than on second or Lhird low grade, the latter two belng egual.

0 gifferences were observed betweesn gradeg of mid

b were formed,

Significent differences in the mean nu

guired to produce iy adults were obtained between all three

of the break fraction with the number of days lacreasing
ag the grade was lowered; bebtween all three grades of middlings



with the number of days increasing from that on Tifth midd-

. -

lince to first middlings to third middlings. Lhe nuuber oI

roduce ¥y adults on Tirst tallings was sig-

T
o

firgt low grade it was significently longer than on second or

third low grade. 7The latter two grades of the tailings znd

low grade fractions were equal.

the number of offspring produced per female of each
gpecies in 30 days &t 90%¢, and 70 A.H. showed thet for C. tur-
cicus, significant differences were found Hebw &nd

fractiong. On breaks, the number of offspring produced de-

creased ag grade was lowered. On middlings, tallings and low

gern tailings which was poorer than the other two tailings

crades bubt egual to first brealk. When grades of each fraction

Q

were averaged, the number of offepring produced ; of

0. turcicus in 30 daye was 8.8, 4.5, 42.0 and £9.1 for the

egual numbers were produced on Tifth and third middlings, both

significantly fewer being vnroduced on germ teilings, and equal

numbers were produced on third and second low grades while



gignificantly fewer were produced on Iirst Low gora

B

L.

grades of eazch fraction were averaged, the number of offspring

produced per female of C. ferrugineus in 30 days was 18.0,

low grade frasctions, respectively. ‘hese results are higher

than those for C. turcicug on the break and middlings fract-

ions and lower on teilings and low grades.

Phere were no significant differences in the number of

eges laid by C. turcicus at 90°%% . and 90% R.H. betwesen the
break, tailings and low grade fractiocns, but slgnificantly

sicgnificantly fewer eggs were lald on tailings as the grade

sly fewer eggs were lald

on third low grade than on first or second low grade. Qhere

L.

wag no difiference in the number of eg laid between first znd

second bresk or first and second low grade.

¢. turcicus laid significantly fewer eggs at 90°7. and

g1l

@)
)
ot
Q

he break a2nd low grade fractions than

inges. Hewer eggs were laid on middlings than on any other
fraction. The number of eggs laid by C. turcicus on first
preak was significantly lower than that on either third or

h hreaks which were equal. Significantly fewer eggs were



were also equal. 1o gignificant difierences in the number of

3]
s

egzs laid were observed between grades of the tailings frac-

tion, but significantly fewer e laid on first and third

-

low grades than on second low grade.

0. ferrugineus laid more eggs than C. turcicug on all

fractions excent tailings. 7The mean number 0 eggs Tor the

four fractions was 65.0 eggs per few

more than for C. turcicus over a pericd of seven wesks. [here
were no significant differences in the numder ol 1zid by

0. Terrugineus on tailings and low grades, but fewer were lald

on the break Lfraction. production on middlings was slg-

nificantly lower than on any other fraction.

ner female per weelk during

Ue turcicus laid

the second week of the seven week oviposition period on each

~

nen falling steadily for

"

e

<t

rugineus laid more eggs Than

ot two week and continued

rete during the rewmsinder of
the seven week period. Taillin wags vreferred for egg laying

by C. turcicus while the bresk Iraction was nreferred by C.

Terruglnels .

laid by C. turcicus &

90% . and 705 R.H. on cozrse food than on fine food, but
there was no nreference for particle size on the part of Co

fTerrugineus.




gight months,

o

gpring as did C. ferrugineus. (. turcicus increaged 1u nui-

bers mogt ranidly on the break fraction

T ey . bl ) N EN e - a0 L, 4 sy g e
low grades and tailings in that order. iddlings was the most

suitable fraction for the increase of (. ferrugineus followed

by teilings, low grades and breaks. Ieither species snowed any

the number of ofifsgpring pro-

nattern from month to month in T T
duced.

vhen reared under crowded conditions in flour mill mech-

inery each species still produced roughly the same number of
offgnring per fewale ag they did when not crowded. Fhe results

de

tiong C. turcicus

e

indicated however, that under crowded condi

4

developed wore rapldly than did C. ferrugineus.

"

reversal of results obtained when larvae of each gpecieg were
individually reared.

The resulbts obtained in the various exneriments indicated

\

o~ )

‘ractions and their officisl zrasdes would, under

hat mililing -

o)

f

tain conditions of temperature and relative huwmidity, affect

Q
0]
g

0

the rabte of development, survival and fecundity of C. turcicus

and C. ferrugineus. The information obtained 1s of value to
b

for the control of C. turcicus and the frequency at which they
must be anplied. ‘the results algo indicated that C. ferrugineus




Interpretation of resul

The gims of thig investigstion were two-Ifcld: t0o agsess

recome a mill pest

the pogsibility that C. ferrugi

ct

in temperate regions of the world, and to determine the effects

of mill stocks when used as food on the biology of C. turcicus

to plan the tyove and frequency of control measures required in
the millo.

Thege aims have been investigated on the baslis of the
three criteria: rate of development, survival, and fecunditby,
vunder controlled laboratory conditions of 90°

to thoge found in mill mach-

0]

These conditiocons are comparabl
inery during operations in temperate regions.
Table I of the appendix liste couparative values as

‘rorn the results obtained in the laboratory Tor

Q
1
)

alculated -

!-.

the two species concerning rsbte of developument, survival, and
g [l i 9 9

fecunditv. . ferrugineus developed more rapidly than did C.
turcicus on 21l foods excent middlings where the réte of dev-
elopment was egual for both species. C. ferrugineusg had a

higher survival than C. turcicus on all foods except the bresk

fraction where survival of the two species was egual. (. ferr-

ugineus laid more egss than (. turcicus on all foods except

tailihgs where C. turcicus laid 20 per cent more eggs than Ce

Tn eight months, C. ferrugineus produced roughly twice

po

&

a2 many ofigopring as did C. turcicus when the species were




-

reared 1in gealed contalners in the milling machines. C.o. ferr-

ugineus produced the greatest number of offsvpring in a 30 day
period on the tallings fraction in both laborstory and mill
tests, even though the mill tests were carried out in sealed

probably did notv represent actual mill condit-

containers and
ions. In a comparable period, C. turcicus produced the grea-

raction in laboratory

D

H:

{.‘D

test number of ofifspring on the taillings
experimentse.
On the basig of rate of development, survival, and fec-

undéity, C. ferrugineus was equal or superior to (. turcicus

on most foods at & temperature and reletive humidity roughly

equivalent to what would be found under mill conditions. This

indicates that C. ferrugineus may become a serious pest in

flour mills in temperate regions of the world. C. ferrugineus

ig an important grain pest in Canada and can reproduce and
develop repidly in stored wheat and thus be transported to the
elevator portion of the mill. Because it is a strong flier,
there is a posgibility that it might gain access from the ele-

0 the mill machinery by flighto.

[

vator
Rate of development, gurvival, and fecundity data for
C. turcicus indicate that large populations of this nest are
most likely to occur inm those sections of the mill cerrying
the tailings and low grade fractions. Corrective measures

generation of C. turcicus is to be controllied.
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