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I 1 '''" DUO TI ON 

The c i rI of i nsect damage has been for many rears a 

difficult pre* em teeing flour millers all over the world. 

The coat of the damage by these insects bas be conserve.. 
tively estimated to be about ,:3,00 000,0000 manually. Gonne 

quontly, much experimental work has been done in an effort 

to develop insecticides, especially those of the class 

known as fumigants, for use against these insects. Many 

chemical compounds end mixtures have been investigated in 

this regard, especially in more recent years. However, in 

vestigators are still searching for new and better fumi 

gents. 
eta of the genus Triboliva a have be ome one of the 

sects used in comparing the relative toxicity of 

otive fumigants. This genus contains several 

o of which are am 1 reddish-brown beetles which 

present time comprise a large percentage of all in 

biting flour mills in this re lows These flour 

beetles have long been known to be among the most serious 

pests of flour mes1 and other cereal products. Numerous 

references in the literature give ample evidence of t!leir 

importance as destroyers of these foodstuffs. 

One of these flour beetles used extensively in 



toxicity experiments hta been Triboliwn confusum Zuv., the 

confused flour beetle. WatikiLia 11110a411011, abet.. the rant- 
red flour beetle, has also been used to some extent. Row 

ever, there is very little data ou the *imperative behavior 

of these two insects to fumigants. 

During the vinter of 19Z7 the author investigated 

the effects of en increase in telperature on the toxicity 

of certain famigantu to the eoutused flour t)eetle, Tri 

bolt= confusum Duv. h11e elndacting tests with carbon bi- .16,0wa0100 

sulphide against this species, the inseet culture was ac- 

cidently depleted of adults. Upon replenishing the supply 

from miseellanecUs insect cultures about the laboratory, a 

population was built up that was more resistant to the ef- 

fects of the fumigant than the previous culture. Thesein- 

sects were identified by the author and round to be composed 

almost entirely of the rust-red flour beetle, T. eastaneum 

Fbat. 

At the time cultures of both *posies were beteg 

reared at room tespereture (about 700F.). Therefore, a 

series of fumigations w& ronducted at this temperature to 

study the effects of the fumigant en these two species. 

is fumigant, carbon bisulliads, was used' in these prelimi- 

nary testa which indicated that a difference in suacepti-. 

bt lity did exist. 



These preliminary results ceused the author to under- 

take further teetz to determine more about this apparent 

difference in the toxicity of fumigants to thee two 

clotelyerolated species of flour beetles. 

The author hes noticed that those two species are 

often found living toeether. Frequently a culture that i3 

predominately composed of the confused flour beetle will, 

after a few months, become grnatly infiltrated with the 

rust-red flour beetle. 
If a consistent difference in susceptibilit. were 

found, it would help to explain some of the diversity of 

data recorded in the literature. Numeroue workers have 

conducted tests of famAgants eith the flour beetles althouat 

throuttout the pi1010104 realts of th se experieeete no 

mention c;in be found of their tethod of identifying the in- 

sects used. While a culture. of T. conflewun nay be pure at .. 
the beginnin8 of a series of experiments, it could, easily 

become centeminated with, T. castaneuni unknown to the ilatrUs., 

tigator. A more sett ectory methed is to identify eaeh 

individual insect 6.3 it la used. 
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jhemicula 

so SOWestigatine, this problem three fLot.gants carbon 

ehloropicrin and ethylene dichloride were used. 

ths first r,nd third of these chemicis are hi8h y inflam- 

mable and must be ixed with other com!-Iounds for industrial 

use as fumigants. However, in those tests the materials 

used were undiluted* The other fumigant, chloropierin, we 
a world war gas. These chemicvas have been used extensively 

as standard or check fumigants in toxicity tests of pro- 

spective rumtgants. 

Carbon bisulPhide is a colorless, volatile liquid 

which boils ut 114.8°P. Tho vopors of this liquid When 

mixed with air in amounts from I to 50 per cent by volts., 

for an explosive mixture. In the followinif, oxpertmeate 

the technical grad* of carbon bisulOhide was used* 

,:thylene dichloride is a colorless liquid with an odor 

similar to Viet of chloroform. It has a boiling point of 

and evaporates on sposure to sir. Although the 

vapors of ethylene dichloride are semelbet inflammable, 

this difficulty has been overcome in commercial fumigation 

by adding one part of carbon tetrunl-lioriro to three parts 

of ethylene dichloride. 



Chloropicrin, which is t slightly yellowish liquid., is 

a little more than one and a half times as heavy as **liter. 

It has a boiling point of 236,6°P. anl for a mixture with 

air that is 1,14 tittAts as heavy Als air. This gas is non- 

inflammable end non-e.xplosive, It Is hjbly tozi toxic to in- 

sects and man and has a strong lachrymatory effect and ir- 

ritates the respiratory passai;es of an. 

charucteristics are considered by many as 

The two latter 

a safety pre- 

eaution sine* one is unlikely to attempt an entrance into 

a building filled with this gus without a mask. Although 

this material has a high toxicity to inmost. it does have 

the disadvantage of being adsorbed and absorbed in 1ar7e 

quantities by any materiel with which .A cores in contact. 

Insects 

Loth the eggs and the adults of Vle con fu 6 flour 

beetle and the rust-red flour beetle were used In the ez- 

periment. Both of these de tructive flour Insects re 

small red.J.sh-brown beetle t; of about 3.b mm. in length with 

striated elytra. In each species the sexes are identical 

externally and cannot be differentiated until the genitalia 

are exerted by a slight wessure on the abdOMen (Good, 1566), 

both species have well developed wings, Jut only T. ea 

ha been observed to use them. 



These beetles are so statler in size, colere shaPo of 

bocy, um! habits that they are easily confused, Wen by 

experienced entomoloT,ists. The morphological characters 

Used in distinguishinF the species is discussed in the 

view of Literature. 

Apparatus 

Ail of the iVtors ;ith the exception of one 

series were coildasteJ in six-liter t:rlenmever flasks. 'hi* 

one rie; of to-ts raa conducted in 20-liter flasks due to 

the difficulty in measuring the very small dosages used 

TI-4 flasks tee sealed with tigt-fitting rubber stop- 

pers through which were placed two glass stopcocks for use 

in introducing the ftwigating material. 

Glass vials 20 m. X 70 mm. with bottoms replaced by 

a picco of l0-XX silk boltine cloth, served as insect cages 

in the flask-fumigatorium. 

A series of glass pipettes, caliberated to the tip, 

were used in meaoaring the fl tügnts all of which were 

liquids et room temperature. These pipettes were of veri 

ous careeities. The largest was of 10 cc. capacity cali- 

berated into 0.1 of one cc., while the smallest wets of 

0.2, cc. capacity eallherated in 0.001 of a cc. 

All of the ~AN and fumigating was done in s home- 
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cosokOmiliedLoomplont erMperaturs cabinet. A thermeetet was 

set so the Ileppereture fluctuated between 62° and 36°F. 

The heating unit consisted of four 00-wett electric light 

bulbs placed at one end of each cabinet behind baffle 

elutes. small electric fan circulated V,,e Ir when the 

bulbs were lighted. 

e vacuum pump was used to raw a partial racuurl in 

each flask-fumigatorium preparatory to applying the dosage. 

A home-constructed mercury manometer was mud WI iseast. 

ure the amount of vacuum drum in ouch flask. This grasPo 

meter was an upright wooden frame to vOileh had been at- 

tached a piece of glass tubing. The bottom end of this 

vertical tube was submerged in a smell bottle of mercury. 

The eooden upright was marked off in inches so that the 

amount of vacuum 03=10 be easured. 

e email air compressor was used to eood advantage .s 

an aid in blowing the gases from the flaiOrs following a 

fumigation 

W.;!..TniDt.; 

The following technique was ealployed in securing the 

data of this thosi5. ?or at least an hour before each 

aeries of fumigations, the flasks were kept In the cab 

to allow them to warm up to the fumigation temperature of 



820 to 860 F. The relative huml 

Es 

ely 

controlled, ranged tree 36 to U per cent. 
TO secure insects for the tests, a portion of the wel- 

fare wee sifted tlarmOt 4 bolting cloth in order to 

sepersto the beetles frou the flew" of the eultere. For 

reeoving the eggs, a 10-XX cloth was required. 

The insects were transferred from the cloth aleve to a 

square aluminum cake pen, one edge of which was raised with 

a block. The beetles would slide to the lower cde r)f tho 

pan where they could be essile collected free or nll debris. 

Thirty insect* were swept into each vial cage by means of a 

camel's hair brush. 

eggs were taken from cultures made up for that purpose. 

These cultures were pint jars containing Yore finely sifted 

flour and lerge flu) er of adult beatles. In counting out 

the eges the top or a petri dish was used much in the same 

manner 35 the cake pan for the adults. The oval eggs WOUW 

roll off the tilted top, leaving the bits of flour and de- 

bris that are less rounded. 

efter the ieseets Were ietroduced into their vial caeos 

a series of fumigations wee begun. vial ease was sus- 

pended by a cord into the center of a flask after whlob a 

rubber stopper vms tightly fitted into the flask openigg. 

rle hose of the vacuum pump WP2 then fitted to one 
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stopcock and the hose of the tester to the other 

stopcock. The pump was started and when the manometer 

showed a vacuum of between eight and nine inches, both 

stopcocks -ere closed. 041, 4 few eeeende were needed to 

measure and apply the proper dosage through one of the 

stopcocks. After the fuolgent was applied, the time, the 

dosage, and other pertinent information were markod on eet 

bottle with, a colored wax pencil. From the time a bottle 

was taken Prom the cabinet until it eras returned with the 

proper dosage approximately two minutes elapsed. In the 

series dosages were stair-stepved so Re to prodocc an 

creasing percentage of crtality from the lowest to the 

highest dosage. 

The fumigations were coduoteeA for three definite time 

periods, one-hour, three, hors. d 24-hoars. Both egg* 

and adults of the confused flour beetle and of the =stored 

flour czetle were testwl for each of these pe .ode esiOlg 

the three fumigants ethylene dichloride, carbon hisuIlihidle, 

and chloropicrin. 

la each of the vial sges, apiss$asWI 7 3,0 irsecta 

re used. Throuqh statistioal treatment of their data, 

previous investigators have establieled this* number as the 

most satisfactory for fumigation exporimente. 

To reduce the IJrobability of error In rietimurino the 
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doaaaes, both speci 

flask. 

At the end of 6 fumigation period the flasks were 

taken from the oebinet me the vial-ca6os recovered,* The 

ineeite gem transom to Petri dishos. 3ePottlet he 

being used for ow& epodes at outie dosage. At this lino 

a microscopic examination was made to determine if all the 

insects in one 1.),etri diets vele of the sane species. then 

stra7s of the other specie* Were reand, which was not in- 

frequent, they were discarded. 

At this time a count of the mortality wee nada 

ad were easily distimguished from the living. In de- 

terrinine the preentage mortality, each inmost was touched 

with a small car4e1t3 hair brush* Such treatment caused 

live. Insects to N3170 sorf,a part of their body* Dead insects 

were usually found with lags outstretched, whereas those 

that still retained life were found with legs tightly fold- 

ed against the body. '(;hen the beetles had been dead for a 

few hours the underside of the thorax was hiac!4ened* 

After a count of the mortality was made, the 1.sects 

were placed In the Napo nature cabinet* Twenty-four hours 

later, the £n10 were scan examined for a final determin- 
ation of the mortality* In no case when the insects were 

held for Utter ountins was a lower percentage of mortality 
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found. Lg s were exaLined daily until it wt_s certtAn that 

no more would hatch. At first, counts wore made for 

days, but it was found that there was no hatching after the 

26th day. For the majority, 14 daily oounts were mode. 

In the i:4-hour tests with alorociorin, the doss6es 

were so small that it was n000ssf,ry to use 20-liter bottles 

an fuzigatoriums, so that these dosages could be measured. 

Howerr, the procedure was the sane vagardlass of the size 

of the bottle. 

NEVI 

oot:gni* 31Portane. 

Cotton and Good (1967) estina1001 last the damage caused 

by insects to stored groin and cereal, products in the 

United StAtes aounta to at least 000,000,000 annually. 

These authors llet nearly 200 different insects and closely 

related Arthropods reeorded as darnslai this type of food. 

stuff. HMOVer, Uis onasider only ten of teens major 

pests. 3oo,..1 (1936) states that Tribolium eontusum and 

171b03J nnLesetaneum arc by far V-te most abundant and do- 

structivo soot of lour. of the ten major pouts listed 

by C'ottou and Good (1%.:7), confusum is noted ago 

°probably the Worst insect oust or flour mills in the MAW 
States Triboliu cavtaneuin, is noted as, "second 



only to 12« confusum an u post flour mills in the Unite* 

.iL.Ltas'« 

Purther evidence of the importance ot 

less is supplied by Good (19.37) who stat;c: 

Zn Ifts 0001POO Or studies relating to Insoots tn 
Watt s. flour mills, it was found that 34.65, oar 
mini at all insoata present in samples of flour 
from the elevator boots of 17 mills in Kansan, Mis 
Lauri, and Oklahoma were these two species of 
bonnet. 

Both of these beetles tre cosmopolitan in distribution 

Cotton and Oood, 

?hese insects make their home in flour, brolier; gra 

and other eereal products. in reurig lari;a numbers of 

T confueum Payne (19b) found that the- flour used acquired 
a pinkish tinge and had a distinct magaat odor. It also 

showed an 40100edingly to viscosity as oampared with normal 

flour and its elasticity wee markedly affected. On being 

exposed to the airs the flour did not recover its visoosit7 

or elasticity and turned a light brown color. Py.ne lo 
found that flour infested with adults was r,r.).m; eftent 

than that infested with larvae, This author explained that 

the beetles give off a characteristic meOretion, soluble in 

water whi07, may be responsible for the effect. Flour so 

&liaised is unsuitable for human oonsumptiono 

whether or not Inaseta of the genus Triboli 

capable of injuring undamaged rain has been a controversial 



Ir.zb tit islitiosPet (Mt) says: 

Iribolium ealieneum which plays a subordinate roll 
17rdrermtiny as a pest of stored flour and in 
does attaak entire grains, contrary to t.hr, 4004144, 
ed view that only broken onea are affected. 
jury by the larvae and adults is lioited to the 
germ of the in and has been observed in ry and 
heat. 

3ereS4110MO0014* awl Dassonville (1919) state that 

this beetle attacks a variety of cerols bet only those 

grains that have !-)een already infested b:), good 

(19;6) states, the species of 'tholiw cannot feed on en- 

tire undanaged grain because teir mandibles are not strong 

enouc,h to chew through the toual outer coating'. evac 

tioally all lots of grain* homer, stain a certtlin per- 

cautakso of broken kernels. 

Distinguishing Ohorneterietin* 

The taxonowic characters of Tribollua species are 

constant that once they are known* there is no doubt a 

the identity of specimens. 

(hood (19$3) lilts the she 

t nc,tishing the Pie species: 

T. Gas the width of esdh eve la aplvoxi- 
tAaerry *Qua o the distance separating thew on the 
under side of the head. In T. confusum the eyes, 
Tiered from below, uppear the width of each 
eye being aoRroximately only one-third that of the 
distance separating them. This Character can be 
used far the identification of livinc specimens. 
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The charwater usually given, the 'hope of the snterms, was 
not employed extensively by Good because of the difficulty 

of its use on livin specimens. However, he describes it: 

In T. pastaneum the last three joints of the an.s 
tenni are eiarrged and are about the same. sise. 
*wrests, in T. confusum there is a gradual en- 
Lamsement from the 'base to the tip of the anten- 
nue. 

Good sugests trait useful in field identification. 

her placed on a. flut surface under a strong light, T* caw". 

often attemptn to fly, and sometines makes short 

flights of a few feet, while T confusum never atteflpts to 

ly 
Good me surod adults of these two species. He found 

that T. castaneum averaged .l mus, shorter and .04 mu* 

narrow (through the thorax) than T. confusum. 

Place of 4rigin of Genus 

In discussing the place of orii;in of the genus Good 

(1930 saris 

As with most stored product insects the question 
Of the place of origin of lilipollum is very dif 
ficult to solve because thiiiiairilbution by 
ISOMMOree has long since muds them cosmopolitan. 

From quoted references Good conciuues that the probable 

origin of this genus was somewhere in the general region 

comprising India, southwe3tern 4isin, and the eastern 

Mediterrammu land" 
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Iiimux!dca 

The eggs of both species are obloAg shaped, avereging 

about .6 MM. in length. They are whitish or colorless and 

are plf,(,ed directly in the flour or other foodstuff in 

which the adult is living. Good (MO foun that although 

the number of larval inatars ranged from five to eleven, 

the usual number was seven or eight. Re is found that the 

larval period ranged firer 22 to over 100 days, according to 

temperature and food. lbe duration of the pupal period 

averaged between seven and eight days. Felt (1926) found 

that the entire life cycle was usually cm1pleted in from 

50 to U days. 

Ow adult life of these bectLy.) Is sYloug the longest 

recorded for the stored products inects. In tests con- 

ducted by Good (1166) aev .dults lived more than two 

years and eleven months. t3ix of these lived more than 

three years. In another series by the sane author, 14 in- 

divIduls lived more than two years. Good found also that 

10a of T. contusum may be fertile even when they are 

ycLrs or more of age. ire was unable to get females 

to fertile eggs when NOVO than one rear and 4 days old. 

good also notes that T. castaneum seems to be less re- 

sintant to heat th n T. confusum. In a later paper Good 
.41... 
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(1W17) Bev; that the larval period of T. confustun is some- 

what lons;ur thus for %!. C e and that the for 
species lives longer than the latter. 

influence of Bnvi I 

tiorD work has tie= doac al. 4-11e effect? of temperature 
o thee bootice. (lbb) fouryl tha rbOn D. Troi 

boliuu culture yea accidentellj exp000d to a torioereture of 

690C. for a short tine, tho larvae were unusually active 

but completed their development after the culture cooled. 

The apparently normal adults were p-ireds but only three 

or four out of 50 oviposited in 25 days. Tte suggestl that 

fecundity was affected by the high temperatures. Vouto 

16) foumd a somewhat similer result while workino with 
the rice weevil. H fowld thz,t ltrtme from tppareatly nor- 

mal adults reared at 61O and 35 C. died before pupation 

when reared at the sa:-le temperatures. It has boon reported 

that, with hunidities up to VO per cents develoxent of tho 

ooz:fttsod flour beetle is more rapid and larger insects r 

proluced. The lamer size is due to real growth and not to 

increased water content. Mikulaki (1936) tOxnd that the 

ranee of survival in both eig6e and pupae was wider at al- 

trnating than at oenstant temporeturess though the Kap:Imam 

nes about 88 per cat, never 100. 



Several authors have contributelI fzcts pertaining to 

the effect of conditioned flour on Tribolium pepulatiens. 

Perk (1932, 1964, 193a, and 193T), Who has worked for some 

time on this problem says; 

It appears that the modification of its envirenment 
by Tribolium livid in flour is largely respOnsible 
for-h. rririable reduction in po7ulationso which 
is probably induced primarily by the decrease of 
the fecundity of the females and an increase in the 
larval period and in larval mortality. 

is dote show that in general the rate of egg prodmation 

varies in inverse ratio with the conditione4 neer content 

of the median. Te fertility, an the other Wad, vas not 

appreciably altered by such differential conditions. Chap- 

man (1928, 1936 and 1934) found that under content en- 

vironmental eenditiene Triboliun populations rise to the 

sateretion point independently of the sire of the celviron- 

memt and else of the initial population. He also found 

that insects of this genus go through a definite repro- 

ductive cycle, reaching s high in the amount of egg prou 

duction at one period of the cycle and a low of egg pm, 

duction at a different period. 

-.:ontro1 Methods 

ox 4mallevi Ito appiteatton o ti11 tempera- 

tare bee long been reengnised as an effective control for 

T. aonfammis end T. asetemeen bwrolopmental work along 
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the line or heat sterilization of our mills sea ed 

at the !tenses State College from 910 to 1913 (Deaa.1913). 

Pelt (102;5) in writing of the confused flour beetle 

says 'Spat is considered the most satisfactory method of 

killing this beetle for which a temperature of 11100F. is 

necessary". 

In 1936 Oosthuizen conducted a series of experiments 

on the effect of heat on T. confusum. This author found 

that beetles exposed to 114.30F. for tro to three hours 

were all killed. This was also true for sll the stages ex- 

cept the pupae, Which mequimed row hears at this tompsmo 

ture. It is that author's opinlen tat i neral, dry 

heut appears to be more effective in killing eenfusum 

than la a rather moist heat but that a te O utmospre 

is the most effective. (Oosthuizen, 1936). 

During s tcrlii tl' f large build1A7s by bent, the 

lovest temperatures aro found at the surface of concrete 

floors because of the stratification of heated air. Popper 

and Strand (limb) found that the temperatum in their steri- 

lization chamber reached 2420°P. in two bows at a distance 

of one-half inch above the floor. !Weever, at the :mem, 

of the floor, eight hours was required to math this tees* 

perature. These authors point out that the greatest belt 

of adults of 1.00011rdliMm r arced from 0.015 to 0.02 i1M 



when placed on u cool surface and 0.023 to 0.041 ine, an a 

heated surfece. They conclude that the beetles are con . 

siderably below any point the temperature of which can be 

measured by the ordinary mercury thermometer. It is neces- 

sary, therefore, to maintain the lethal temperature for 

several hoer' after 1200V. ia recorded by themometere 1 

1MB OM the floor. 

Loeme work has also been done on the effort of low tem- 

peraturee on the confused flour beetle. liz4-,e1 and hepard 

(1,444) found that en expokure for 2b days to 44.i °V. or for 

24 hours to 21020P. gave 100 per cent mortality to all 

stages. 

Use of Chemical. Probably the greatest amount of 

eolltrol work done on these insects has been in the develop- 

z5ent of t1i,e4nt3. One of the earliest fladizer7t,e: to be 

used successfully vas carbon bisulphide. This fumigant was 

used more than 60 years ago and aside from its inflammable 

nature, it is still considered a very good fumigant. In- 

vestigators have continued the search for the ideal insect 

.17'ulligant particularly during the past few years. Neifert 

Q--k Roark, et. al. (192b) -Investigated 106 organic chemi- 

cals en to their ineeeticidal value. These chemicals were 

hydrocarbons, bromides., evAoridies, fluorides, iodides, 

alcohols and phenols, aldyhiles, esters, ethers, chloro-. 
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hydrins, sulphur compounds and nitrogenous compounds. They 

found u series of compounds which in their estimation war- 

ranted Ihrther tests. The authors considered that a fumlie 

cant oempoised of 40 volumes of ethyl acet4t,, and 60 voIMMOO 

of carbon tetractloride was probably the most effective 

tunics:It tested. 

In a lator paper, Cotton and Roark (1ti243a give data 

ahoirg the value of certain alkyl and alkyleno forwates 
as insect fumii;zonts. These compounds Wife found to be very 

toxic tc the rice osevil and did not affect the germina- 

tion of grain. 4athou6h t)eee 001100111110 4180 inflammablea 

this fault can Oe reduced formal.* at thom by the addition 

of carbon tetrechloride. ones (1901) reported that the 

addition of small quantities of methyl formate to oarbon 

dioxide as a mixture highly toxic to T, confusum. He sew 

cured a 100 per eent kill of all stages within six hours by 

using atmosphere containing bo per cent carbon dioxide 

to which had been added 10 mgm. of methyl formate. 

In 1V28 Roark and Cotton investi6ated the insecticidal 

action of some esters of halogenated fatty acids. They 

found that from the etasdpOists of toxicity to insects. 

cost and freedom from fire hasard methyl, 

isopropyl, and ethyl monochlorocctates appeared to be the 

most presielAg. Unfortantely, the schoehloroacetates were 
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found to WeiMati of who . Roark,Cotton,1928). 

mixture co tainlag three, parts sorban tetra- 

loride and one pert of ethylene dichieride advocated by 

C tton and Sark WaS used by Moyt (1028) and found to be 

very tisfactery for insects in 0101104 yo u at et uphol 

s to r oad furniture and s or T, c e nt& in Lour. 

tray` i (1147) conduc d proli Inary experinents using 

e;loropicrin for control 

pound of chloropicrin at 601*, la equal in t icity for 

c found that ono 

this insect to pounds of carbon bitml- 

of r'aoti tetrachloride. 

v,orking with cart 
and ,oarit 1v28b) found that the vapors of e 

r Ai pounds 

Cotton 

oxide 

area highly toxic to insects Comparative tests indicated 

that ethylene oxide Is slightly more toxic to ;)ests of 

stored products than carbon bisulphide ami about 30 times 

more oxie than carbon tetrachloride. 

parde, n, and Thomas (1 c ldacted 

in commercial use against T 

US 

WI a 

greatly for species eh 14e, considerab e structural dif- 

ferences. These authors also contiuoted tests of VS ums 

compounds chiefly chlorinated chemleals. Some were femme 

d o z The data ind 

ty ol th' fu:iy ants may differ 



to be more toxic than chloropicrtn. The r'].iittve suscepti- 

bility of si* apssiss of eoleoptera to three tamAgents was 

examinel. lbws alyeaved to be 4 fairly eonsistent core 

relation between suseeptibility and the requirement of a 

high temperature for development. 

In vie: of considerable V ±tio in results of ex- 

periments on the relative toxi ity of various fumigants to 

Jiff stages of T. ontuuin, indgren and Shepard 

(l93,2) conduated tests with ethylene oxide, carbon bisule 

;elide and chloropicrin to letormlne the effect of humidity 

on their toxicity. They found that the toxicityte the 

adults was unaffeeted by orlinary variations in relative 

humidity, but dry air conditions reduced materially the at 

fact of chloropicrir and carbon bisulphide on the eggs 

Contrary to the generally accepted vier that the egg is a 

particularly resistant stage, ethelere oxide appeared to be 

nine times et=, toxic ta the eggs as to the adults. 

Cotton (192) reported on the relation of respiratory 

metabolism ortnensts to their susceptibility to fumigants 

lie confirmed the findings of other eorleare thet the rate of 

metsbolism varies -vitt the rate of the insect's development. 

The adult has the highest metabolism and also is the most 

susceptible to the fumigants, followed in order by the 

larva and papa 4.:otton ueed this principle to advantage by 
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adtzv i carbon dioxiv to fumigation atoiphorei, thereby 

increasing the rote of insect metabolism auMIlisightleillar 

thi, efficiency of the f4migant. The Metabolic rtes have 

zllso been shown by this author to be widely divergent in 

dirrerent species of tho same genus. This may account for 

the fact that different species of u genus vary maredly in 

their susceptibility to fumigants 

Lindgren (WO studied the iattonsbtp of respira- 

tion to the susceptibility of insects to fumigants* Yils 

oanziusionx were that the rate of respiratinn Is not the 

only factor to take into co%sideration. 4Ath1n given 

at any extrinsic factor, that may tend to increeee the 

rate of metabolism of that stage, may also tend to increase 

the susceptibilit7 of t to foirigants. Three environmental 

factors that ores known to increase the rate of metabolism 

are, an inoreano i;; temperature, u decrease in oxygen or an 

increase in o(4rbm, dioxide. 

Arend (19M determined the median lethal dosage of 

sevtral fun -ants to T confusu. Among the fUmigants 

thsted were chloropierin, carbon blsulOhide, and ethylene 

dichloride. The period of fumigation was five hours and 

to median lethal dosage for ebloropicrin was 4.7 stg,/ 

that for c4rbon bisulphide was 00.86 mg/1 and that for 

ethyiene dichloride was 33 male 



Shepard, Lindsr, omais (1936) otediee the oos . 

parative toxicity of two fumigants to T confneum and 

T castaneun. These tests were conducted at 25°C. for a 

period of five hours. The authors determined the median 

Jethal dose of cbloropicrin and carbon bleulphide. 3oth 

fumigants proved to be mare toxic to T. meelmeeTmkthen to 

T The median lethal use of chloreplerin for 

the runt.red flour beetle was 2.4 mg/1 whereas that for 

the confused flour beetle wax 4.6 mg/l, a difference of 

2.2 mg/i. For carbon bisulphide, the median lethal dose 

was 28 mg/1 for the rust-red beetle and 61 mg/1 

rusum, a difference of 55 

some other Maperimenteme have worked along Vile line of 

amparstive reeistanse of closely related 'species to Plmi 

gOnts with other ineeets. Gartner, (1913) found that 

Tinebrio moliter L. was more rese.stint to hip; comentru- 

Um, of sorban dioxide than was Tenebrio Obscurus i. 
illawevers the reverse was true at high temperatures 

Cotton (1952) determined the minimum lethal dosage of 

ethylene dichloride at 76°F. to be ) el for Sitophilus 

and 16.b mg/1 for S. planar/us,. r;17';UZIEJ teuts were 

conducted for a threehour period. 

Fisk and Shepard (138) found that the median 

dosage of methyl bromide to s. annEnl,u3 Wt43 f).5 



25 

24att was 4 g/1. 

Lindgren (1:),,C; cleteratinisd the median lethal dose of 
three fumigants te rusu.:!. S. or:rase" and as. imerfaxs. 

For carbon bisulphide, the mediaL lethal dosages rere cal- 

culated at 6;:i mg/10 4 nd 40 mg/1, renpectively. 

For chloropicrin the median lethal dos nees were 4.4 eel. 

2.0 mg/1 and 5.6 mal. Yor ethylene oxide the dosages 

were 18.0 mg/1 ta.7 mg/1 and 6.6 v 1 

6hepard Lindgren, and Thor,as (1947) determined the 

dosages of 175 fulaigunts requiyed to kill 99 per cent of 

granarius and oryzae. Sitophilua orvzao. was the 

most suseepeible to all of the fumigants with the exception 

or sulphur clIoxIde. The dosages necessary to produce 

per cent mortality in S. sranarius and S. orysae were for 

ohloropierin 21 ng/1 and 15.2 mg/1; for cerbon bisulphide, 

66 4iill and 40 mg/1; and for ethylene dichloride, 246 /1 

and 1.17 m6/10 respectively. 

4:41IkiiN1'AL DATA 

:uits of Fumigation Tests Acsinst the Adults 

it study of the cst secured from the experimental wor. 

indicated thet n real difference in suseeptibility exists 

between the adults of these two species. However, this 

difference in susceptibility is not the same with all fool- 
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gants. For example, the atuits cf T. e were awe rep. ummMONNIIMilmi101p 

sistiAnt to carbon biaulphide than were the adults of T. 

castaneum. fhe sane thing was found In the case of chloro- 

plerin but the reverse was true for ethylene dichloride. 

When To oastaneum was fug./ ,ated with ethylene dicY:loride, vroWNIIMMOMINIM/A.MI 

its resistance was particularly prominent for the longer 

time periods. 

Ctron3tsi.ijLde. Using the mlnimun lethal dosa6e, 

eon and To custanew* are about equclly susceptible ..1}0.01..M.0 .0101r. awalfw*. 
to carbon bisulphide in the oae-hour fumigation tests. 

owever, curves drarn to include the mortality data at the 

lower da;es suggest thJA.. T. confusum might be slightly 

more resistant althaue the author believes this difference 

to be insign ficaut. PiEure I is a curve interpretation of 

these data. 

4 tenoral adult of T. castaneuN was alive 6t the end 

of a ono-hour fuzigation usir- 2.7 c.c. alothcr toncro.i. 

adult survived a 2oe. dosage. These insects were eliminated 

from the data, however, because they Mire in the transition 

period between the papal and adult stages and therefore, 

not comparable with the other Insects in the test. 

In thc experiments with crbola blaulphide in the 

three-hour period there was no doubt as to which species of 

the flour beetle vas more resitttant. (Table 2 and Fig. 2 
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In this experiment T. confti.sum was more p 15t.9nt at every 

dosage than T. eastane=. The curve interpretation shows 

that the differences in susceptibility at all dosses were 

fr greater than as found for this fumigant in the one- 

hour period. in one test only per cent of T. confusum 

were killed. while 87 der cent of T. castaneum were killed. 

(Table dosage 65.1 mg/1). In another test at a higher 

dosage the mortality of T. confusum was 4b par cent, eheres 

that of T. castanetus was 100 ner cent. (Table 2, dosage 

83,2 mg/1). 

The data for the LS-hour tests with carbon bisuiphide 

showed a trend similar to these of the throi4vour tests 

(able 3 and Fig. 6). At every dosage T. confasun was the 

nore resistant species. 'Mc difforenme in susceptibility 

!'ert was about the sEme amount as was found in the three- 

hogr Table 3 shows that in one test there waz 100 

per cent mortality of y. castaneun bat only 66 per cent mor- 

tblity of T. confusas. (Table dosage 16.87 mg/1). 

1oroo crin. In the experiments wit chloropicrin 

fellifUs.um eae found to be the more resistant species as 

Indicated in Wass 4, by and 6. LI the one-hour period 

79 per cent of the rust-red flour beetles wore killed, 

wl-erfq,in none of the confused flour beetles were killed. 

('7e,te 4, dosage 0.61 mg/1). Those results are shown in 

Figure 4. 
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in one test of the three-hour experiments the NO rta 
ity of 24, paelpseum was 100 per cent whereas that of 

1104mitgisom WOW only 12 per cent. (Table 5, dosage 

2.71 1101). 2Itt one test for the 24-4hour period, T. 3or- 

fuse= had a mortality of only 16 per cleat whereas T. 

had a mortality of 100 per sent. (Table 6 dosage 

Se mg/1). This is also Shown in Figure 6. 

tAWALle tichlortde. Tests with ethylene dichloride 

shooed that udults of the rust-red flour beetle were more 

resistant than those of the confused flour beetle when ex- 

posed to this fumigating ziateriel. 

P0r the one-bour exposure, the mintroam lethal dooms 

of this matrial would indicate that T. confUsum was about 

*I* 

ecv.;.ally susceptible to T. castaneum. Mortality percentages 

at th lower concentration, however, indicated that T. tat 

tsar wLs somewhat lesv rosistaz:t kt sub-lethtl le)sag011. 

These curves lay sufficiently di t;d4nt at the sub-lethal, 

dosages to she that T. confususcas slightly more suscept- 

ible. This is shown in Table 7 and Fiure 

For the longer fumigatioa ported*, T. ctvF,tneum was 

very definitely the more resistant species. The curved for 

the 24-hour period were much farther apart than were those 

for the threeho4r period. Those =Ms are shows in 
iures 8 and, 
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using the three tuwi 

nst a of To ponfUeum and T. ea 

found that the difference in susceptibility of th 

It was 

eggs of 

these beetles to the fumigants was a very dif r c 1t matter 

to determine with accuracy. o secure true picture of 

parable susceptibility, should a d ft many more 

tests than the author vas in the ited time avail. 

able* OM or the greatest variant ease v,as the 

percentage mortality of untreated eggs the check vials 

used by the author i n every test, the mortality ranged from 

0 to db per cent. Such a diffeseMes in percentage mor 

tulity of untreated eggs unquestionably indicated that 

results obtained did not present a true picture 0.4 relative 

susceptibility. 
Other unusual feet* snore noted the were 

studied several instances these 

mortality among the fundestei 

onding um:tai,gated agge /he reason for 

percentage 

the corres- 

h results is 

not known The fumigant might tlave soled as a stimulating 

agent on the eggs although It seemed more probable that the 

fumigant acted as a sterilizer in killing same disease or 

Pur-i e -onsible f r the high r er antese of mortality in 



the Checks. 

Although the data suggested that TA, biomes was the 

more resistant species to ethylene dichloride, the author 

believed the results insignificrt. The data varied 

greatly and the die-cos between the two species were 

not vary Large. 

In the one-hour tnts there was only one instance in 

which P. C f.11W!7', :roved to be the more resistant species* 

It .11, other tests P. elkatineurs proved to be slightly more 

resistant as can be seen by lbw dab, of Fable 10 

The data for the three-hour faidgation period again 

,wed only one test in '1:,.2).1 T* confusa* was the more re- 

sistant 

F'ez' tests rere conducted with the eggs for the 

24-hour period, hover, here again a slight differenee 

showed up. In every case T. eastan4uxi was slightly more re- 

slstant. 

data secured from tests of carbon bisulphide 

inst the es of the flour beetles were very indsfinits 
as far as dotoinim.iffereners'in suseeptibilit'between 

them. In some of the tests T. ponfusum was found to be more 

resistant, while in other tests ran in the same series but 

with slightly difforent dosage of fumigant, T. caetaneum 

proved to be the more resistant. Curves for thin data are 
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Fig. 11. Showing comparative susceptibility of eggs of 
Tribolium confusum Duv. and T. castaneum Hbst. 
to ethfiehe dichloride for a-Three-hour period. 
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Fig. 12. Showing comparative susceptibility of eggs of 
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an in FigurelZ. They Lay fairly far distant at MIS 

lower mortality percentages, bat at about 85 per eent mor- 

tality they meet and cross slightly,. By this curve in- 

terpretation it was indicated that T. castanew was slight 

core resistant at the lower dosages but not so at the 

higher dosage* 

This MONO typt. of curves resulted fz th interpre- 

ttion of data for the three-hour test against the 

.-ese are shown in Figure 14. Here again staleeni was 

evilent17 mare reeletsnt at the leper dosages. the curves 

for the two speelee Meet at a point repreeenting approxi- 

mately 70 per cent mortality. From here on, T. seams= 

was the more resistant *peel. so although the curves repre- 

senting the two species were ratter close toget,)er. 

Pet s were conducted against the eggs with carbon bi- 

valphide for the 24-hour period and aloe with ehloropicrin 

for t!lk., tree time periods. However, duo to the work being 

done in a period when the percentage fertility of the eggs 

was very low, these data were too meager to attempt to draw 

any conclusions from therefore it bee been omitted from 

this thesis. 
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Individual Variutiona as Fac 
zAtsceptibility 

or of 

Variations in susceptibility to the fumigants by in- 

dividuals of the same species were very noticeable through- 

out the experiment. A group of more resistant insv&cts used 

in a single test wou3Z cause the percentage mortality of 

that test to vary widely from the general trend of the ex.. 

perizlent. In most duplicate tests, the variations wove 

within fatrly lose limits, although in one case (Table 4, 

dosage 16.24 mg/1) there was a variance of as much as 27 

per cent in one species While the other species wan almost 

conStanta Since both species were fumigated in each of the 

two tests, this would indicate that the variation was due 

to individuality and not to external factors of dosage or 

Waqieraturc. 

Oosthuisen (1iow30) noted that the range of individua, 

resistanee to high temperature rithin a given population of 

ann...aar wan considerable. re said, "at 440C. the most 

susceptible adults succumb in three or four hours, whereas 

some resistant individuals can stand 12 hours of exposure". 

This author also determined the length o time re- 

qui. d to iil1 50 per cent of the four stares of T J4011-0, 



t different temperatures. Et found that the adult ft$0 

was the soot susceptible. Pollowing in order of their SUS4, 

Oeptibility sere larval, egg, and pupal stages the latter 

being th e nost resistant. 

It has been generally accepted that the egg is a par- 

tieularly resistant stage of Inflicts, however, Lindgren and 

Shepard (12) found that ethylene oxide was nine tines as 

toxic to the egioi us to the adults. 

reason for this difference in susceptibility 

life stage was explained (Cotton, 19.32) as a difference is 

respiratory oetabo.ism. This same factor may account for 

individual variations in suaciptlailit7 rithin any given 

stage as wua found in the data of this experiment and in 

those of Oasthuizen. 

The Fumigant as a Vector of Susceptibility 

Th d or this investigation showed tha t T. confusum 

was the more resistant of the tiro species when subjected to 

fumigation by carboa bisulpbide and ellloropierin while it 

was the more auseeptitle 141ev ethylene dichloride was used. 

S1,41ar results 'have teen fount! by other Investigators of 

funionts. 

'.ihepard Undgren, and Thomas (l937) found this offset 

with the rice weevil and Granary weevil (2,itn.pl lus sm.). 



Y:hen sulphur Olexide ves used, 3. Evenarius wan the rove 

susceptible, altough for 12 other fumigants, s. 

the more susceptible. 

The data of the authors and of those of Linftillin 

(19Z,6) shoved that the amount af ilfforomoo onso0 

bility daperlds on the fumigant. The data of Shepard, Lind- 

gren, snd Thomas ere based on a 9 9 per eent kill. The dlr.. 

fer,..mce in the dosage necessari to kill 8. annEE1R over 

vcs haill mg/1 for chlorelacrin 26 /l for carbon 

bleutritido send 109 mg/1 for ethylene dlohlo do 

The eompa.ativo susceptibility of Trihol= confUsum 

Duv., t'e confused flour beetle, P.nd Tribolplm castaneum 

Met., t t-red flour hcetle, to emrhon hisulOhide, 

etb7lene dichloride, and ehlarepicrin was investigPtedi 

It was found that when ethylene dichloride was used es 

the furiGanto the adults of licor".sun ware the more was- 

oeptible of the two species, sithough for the one.,:hour ex- 

posure period the lifropetite was not stsafioant. "en 

ohloropiorin ond c rb,,1;;; taisnlOhide were used a the fumi- 

gant, the adult!! of T. nastnneum were the more susceptible. 

Accurate information regarding the oomporative 

ceptibility of the osam of these two speties was a difficult 



motto? to obtain due to the large variance in the percen 

tog* fertility. Yowever, the rletta Indicated that the eggs 

of T. confusum were equally suscentible to ethylene di... .......... 
chloride with those of T.. castaneum. For carbon bisulphids 

the data were extremely vriat)ie . li)1? the lower dosages 

the curves indicated that eggs of T. confumtm were the 

more susceptible, but for the higher dosages a indictcd 

by the curves, those of T. castarieun were :3lightly the more 

susceptible. 

AC 

Ilet author wishes to express his appre lation to 

Doctor 4;otten, Senior ..:antoologist of the United 

States Department of Agriculture, for his help in choosing 

the problem and for his kind assiolanoo and advice through- 

it the investiu,stion and the preparation of this thesis. 

The author also witeles to express his appreelatiOn to 

Assistant ProfealOr D. A. Wilbur, major instructor, 1110 

with ?rofessor *Rorie A. an and other members of the 

staff of ,:.ntonology of Kansas State College assisted and 

advised the author throughout investigation of this prob- 

lem, 



LIThATWti CITD 

Bertrand, Ofro Brosapousseu & Daesonville. 
Comparative action of chloropierin upon weevils and 
Tribol Compt. Rend. Acad. Sal (Paris), 

WO. 191, 

Burkhardt, Y. 
Contributioas to the biology of T. castaneum. Ztsohr. 
rise. Insel-:tenbiol. 17:1-3. 1927- 

Chapman, 8* N. 
The quantitative analysis of env 
Xeology, 9;111-122. W280 

1 factors. 

the auses of fluctuations of populations of insects* 
Proc. Hawaii IfInt. sac. 8279.297. 19,33. 

Chapman, H. N. and Whang W. Y. 
An experimental analysis of the cause of pulation 
fluctuations (in T. aonfulUm.) Science, 80:297-298,1g74, 

tot ton, R. T. 
The relation of rospiratorynotsboltam of insects to 
their susceptibility to ruminants Jour* Moon. 1Lnt. 
2641088-1106. 1942. 

Cotton, 11.1. and Roark, R. C. 
Fumigation of stored product insects with certain alkyl 
and alkylono formates. Indus. and 10;ngin. Chem. 
20s300 1928a. 

58 71TUFTJanto Indus. and =gin. Chem. 
20:805. 192Bh. 

Cotton, R. T. and Goods N. E. 
.nnotated list of the insects and Mites associated with 
stored grain and cereal products, and of their Arthr0-. 
pod parasites and predators. U.Z. Dept. Agr. Wise. 
Pub . 258. 81 p. 



Dean, Goo. A. 
Methods of cortr'41Iin mill and stored grain insects 
together with the habits and life histories of the men= infesting species. Kansas Agr. Exp. Sta. Bul. 
1991139406. 1913. 

Pelt, L. P. 
Confused flour beetle. Thirty...fifth report of the 
state entomologist, 1921, New York State leas. /3,41. 
247 "48:50-61. 1923. 

Fisk, F. ;.. and Shepard, H. 
Laboratory studies of oethyl bromide as en insect 
fumigant. Jour. 4con. Ent. 451;79.44. 1938. 

Good, N. L. 
Biology of the flour beetles, T. confumia and T 
rugineum. Jour. 4gr. Res. 46: * 1933, 

_olLr beetles of the genus Tribelimm. U.S. Dept. 
Tech. M1. 498. z p. 

-----rniwas found in the milling streams or flour mills in 
the southwestern milling area. Rans. Ant. Soc., Jour. 
10:1;56-148. 1937. 

Gortner R. A. 
Rotes on a 

PLsticn tests with ethylene dishlorideftearbem 
amide mixture. Indust. kIngin. Chem. 20:4600. 

441. 1928. 

rontial mortality observed between 
and T. molitor. Amor. Sat 47:572. 

Jones, R. K. 
The toxicity of carbon dioxide-meth 1 formate mixtures 
to the confused flour beetle. Jour. hcon. A:nt. 
28:475-485. 1935. 

,ren, D. L. 
Plc respire 
and the 
Tee,. Bal. 

of insects In relation the heating 
of grain. Minn. Agr. 1z p. Sta. 
p. 



Widifelas fl. L sad epaird, H. H. 
The inflames of Inceidity on the effectivon of cer- tain fumigants against the e s and adults of n- uss= Jour. Been. Ent. 25:2 ' 4153. 1932. 

Mikulship J. s. 
The effect of eonstant and alternating tenpersturc an the enpvival of some developmental Stages of ribolium smarm. BuI. Lnt. Aced. Polon. 11 p. 1906. 

Segel, R. H. and n:tepard, H. H. 
2he lethal effect of low temperatures on the various stages of the confused flour beetle. Jour. hrr. Res. 
4R:1009-1016. liki4 

Ittifort, I. Cook, P. C., hoark, h. O., Tonkin, '4';. 
-A4ck, and Cotton, h. T. 

Fumigation against grain weevils with various volatile organic compounds. U.. Dept* Agr. Sul. 1513. 40 p. 

00ethuizen, A. F. 
To effect of hi temperatura en the confused flour beetle. Ulm. A6r. xp. ta. Tech. 5u1 107. 4b p. 1W6. 

Park, T. 
Studies in population physiology: The relatio of 
numbers to initial population growth in the flour 
bootie, 1, =fuses* zoology, 13:172.181. 1932. 

idles in population iysioIogi. III. The *frost of conditiOned flour apse the praduetivity and 
tion &mince of L. senfama. Jour. zp. Zool 
1112. 1954. 

--77adlos in population ohyeielogy. IV. ono Ohysio- 
logieal ef.stets of conditionod flour upon T. Oonfteum and its populations. Physiol. Zeol, 8:91-7T5. 1936a. 

-"Mr/10a tion TriboLimi by high Wipers ture 
Seionoe, 23l-282. 1238b. 



Vark, T. 
Studies in populatIon physiolosy. VT. The effect of 

differentially conditioned flour upon the fecundity 
and fertility of T. confusun. Jour. .r.xp. Zool. 

7Z:39.5.404. 19367 

...----- 
sti G....es of insect n Amer. 

Nati. 71:21-53, 137. 

Park, T. and Woolloott N. 

Studies in population physielo. VIII. The relation 
oV environmental conditioning to the decline of 

confasual populations. Anat. Rec 67:12/ 1936. 

Some effects of riboli&w on flour, Jour. 
181737.4444. 192T; 

Pepper, J. H. and Strand, A. L. 

The importance of surface temperatures in heat 
lizntion. Jour. con. nt. 28:24-244. 1935. 

Roark, R. C. and cotton, R. T. 
insecticidal action of sone esters of halogenated 
fatty acids in the vapor phase. Indust. ngin. Chem. 
20;512. 1928. 

Shepard, U. Ti Lindgren, D. and 7hoss L. 

The relative toxicity of insect fumigants, Minn. ngr. 

:6xp. Sta. To,. Hui. 120. 26 p. 1937. 

Strand, A. L. 
A couparison of the toxicity to insects and the dif- 

fuion in a column of grain of ahleropierin, carbon 
disulphide, an carbon tetrachloride* Minn. Agr. p. 
Sta. Tech. ±u1. 49. b9 p. 1927. 

Vou 

Tr the toxicity of insect fumigants. Indust. 
Ch la. 2:4. /WO. 

D. 
influence at temperature en the increase of in- 

sects. cU.lnd. Natuurv. Cong. 7;47-4a0. 36. 


