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A¡STRAGT

A coxnpact, porLable contro lled- atmo sphere unít capable of

generatíng desired gaseous composition in the laboratory using three

gases (O2, CO2, N2) in the range of concenrraLfons of 0 ro 100t for

each gas was designed and fabricated. The gas mixture can be

conditioned to any three relative hurnidlties using såturated salt

solutions. The unit can also nainEaln the pressure of Èhe gas nlxture

ac any level between 0 Èo 250 kPa (gage) and rhe fLow rate between O to

90 cc/mLn. The unit rqas used for determining the effect of gas

composition, exposure tine, tenperature and relative hu-midity on the

mortallty of adulLs and eggs of rusty graln beetles, Cr:¡otolestes

ferrueineus (Stephens). Duríng a slngle experioent, the unít can handle

up to síx different exposure tines. CO2 levels of 70, 80 and 90t, 02

levels of 0, 4 and 88 and relâtiwe hunidity of 65, 75 and 85t aL a

pfessure of 35 kPa (gage) and flow rate of 55+2 cc/!ûin aË six exposure

LÍmes of 24, 48, 60,72,84 and 96 h were usèd to study the mortality

of adults of C, ferruglnêus at 10, 15 and 20"C. For sÈudying the

¡ûorËality of eggs of C. ferrugineus, only tk'o leveLs of 02 (0 and 4S)

and two tenperatures (10 and 20'C) \.rere used at the sane CO2

concentratíons, relative hurnidities, pressure and fl-ow rate.

For gas conpositíons contaíning C02 in the range of 68 to 91.7t,

02 in the range of 0 to 5,08 and the balance N2, thê nortallty of

adulÈs was higher than eggs ln a given exposure pertod. The nortaliËy

of eggs was nore influenced by change in 02 froro 5 to 08 tha.n was the



norËa1ity of adults, r¿hereas a change in C02 fron 68.0 to 91.7*

increased adult xnortallty more than thaL of eggs. Gas compositíons and

relative hunidity (60 uo 84*) affected the norLality of eggs and âdulrs

more than the other variables did. For adult nortality, nore

interaction was observed betweên C02 and O2 with tenperature (9.0 to

20.5'C), whereas f.or egg mortaLlty, the 02 and relatíve htxtridiry

synergÍsm \,¡as greater than other ínteracLions. Maxímr¡m mortality for

both adults (998) and eggs (858) was obtained ar high CO2 (88 ro

91.7t), 1ow 02 (0 to 0.58), the hfgher tenpêraLures (19.5 to 20,5"C)

and lor¡er relative hr¡mldíties (60,0 to 63.99) aÈ ân exposure of 96 h.
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].. INTRODUCTION

FarEers, food storage, transportation and processing lndustríes,

and consumers suffer a large monetary loss from stored-product pests

(insects, niLes, rodenLs and birds) eithêr directly by contaninatíon or

by feedíng or lndlrectly by stímulation of nícrofloral spoilage by

producing moisture ånd heat through resplration. fhese pests cause

danage to the grains, reduce Èheir nutritive value and finally urake lhe

stored products unfÍt for hu¡nan consumption. Ilïite and Larnbkín (L988)

reported thaL an average of 3 to 4 gerns of wheat grains were å.ttacked

during the development of an índividual Larva of the red flour beetle,

Trlbolíun castaneum (Herbst) (Coleoptera: Tenebroinídae) at

temperatures of 22,5 to 37'C and 40 to 60t relaLÍve ht[ntdity. If
conditions [158 grain troisture and 25-30'C for the rusÈy grs.in beeEle,

Crl¡ptolestes ferrugineus (Stephens) (Coleoptêra: Cucuj ídae) I are

favorable, even a few fnsects can start a large Ínfestatfon and cause

grain spoilage. Populatlons of Q. ferrusineus can increase 60-fold fn

one generatLon during 4 weeks aE 32.C (Howe, L965).

A survey of. 29L9 prímary grain elevators fn western Canada ln

I969-7L lndlcated that l5t of elèvators and 42t of the surroundíng

farrns had grains infested rvlth insects (Sinha, 1972). Based on the data

collected fron enpLy granaries, Smith (1985) reported that live rusty

grain beetles were found on 53, 32 and 24* of farns ln Manítoba,

Saskatche\eån and Alberta, respectively. Madrid (1986) reported, based

on a survey of stored graÍn on farrns near Wtnnlpeg, that 80t of Èhe
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bins containing !¡heat, oats and barl-ey had insects. Grain sanples

collected fron elevator bins during the periods June-JuIy, 1987 and

February, 1988 reveaLed Ëhat 70 and 724 of graín samples had Ínsect

infestations, respectively although infestation levels on farms and in

elevators varied considerably from one year to Èhe nexÈ (Madrid, L988).

Chemícal pestícídes are couunonly used to control ínsects in stored

graín. These cheníeaL neÈhods nay leave objecÈlonable chenícal residues

in the treated coEmodiLy and the chexûlcals are generally hâzardous to

handle and apply. Also, sone stored-product pests are developing

rêsisEance to che¡nicals (Bafley and Banks, L980; I,Ihíte and Loschiavo,

1985). There are only a few insecticldes that are perx0ltted for use on

or near sËored products, The furnigant ethylene dlbronfde, whlch was

widely used in the nllling industry, r,¡as banned by the Canadian federal

regulatory agencies in 1985, followed by a ban of nost other funigant

forrnulations. the remaíning conmercial fu¡ûÍgants, phosphlne and methyl

bronide, are under regulatory revíew. There is, therefore, a need for

accepLable and effectlve nethods of preventing lnsect da:lage and

contâEination of agrlcultural products that would reduce or ellninate

the dependence on chemical pestícides during storage (Storey, 1980a),

Hence researchers have studied physical control nethods (heating,

coollng, controlled atxlospheres), whích do not leave any chemical

residues on the stored-pÍoducts and yet provide leÈhal environments to

stored-product pests. Inpact as both a shock and dlsturbance

(Loschlavo, 1978) , phystcal renoval and physical exclusion (Banks,

1987) were tested by sone researchers to control stored-product pests.
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Visíble light and sound also shorved sone promlse, but they are not used

couunercíally.

Controlled atnosphere storage involves alteration of the normal

atmospheríc gas composítion to create an environment lethal to slored-

product pests (Batley and Banks, f980) . Dífferent lnsects require

different environnnenEs (Èemperature, relative hurnidity, gas

conposítion, pressure and flow rate) for thelr survival or death in a

specified tine perlod. Even within the same insect specles, dÍfferent

strâins or populâtions survive and proliferate in different

envLronnents depending on their physfology, ln addltion, insècÈ

nortallty in a controlled atmosphere fs a function of Lnsect

sEage/ age, exposure time and the size of the initiâl lnsect population.

Researchers have sEudied exLensively the mortality response of

stored-product pesls using lethal atmospheres sínce 1968 (Harein and

Press, f968) . A data base (Appendtx A) on conrrolled (modified)

âtnosphere grâín storage was developed as a paït of thÍs study. The

daEa base consÍsLed of fnfornatÍon about the gas conposiCÍon,

temperaÈure, relstive hurnidity, exposure tine and nortalÍty of 18

stored-produc! lnsects. The sources of datâ are gfven fn section 3.4,

Brlefly, C02 and N2 have been used Ín the rsnge of 0 to 100S by

voltrme (arnbient CO2 in air ís abour 0.03t and N2 is about 79$) and

tenperature in the range of 15 to 38.7"C in 89.5t of the studies. In a

few studies, the flow rate \ras rnentloned and ln 868 of the studies,
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the pressure \ras not reported, The 02 levels were mostly used in the

range of 0 to Log by voh:rne, and in some cases it was beÈween Ie to 222

and $¿as rarely above 22t (higher than the atnospheric level of about

2lE). In 878 of the studies, relative huntdiÈy r¡as in the range of 30

Lo 708. In a few sËudles, however, naxinuro relaÈive htrnnidlty of 100* or

ninÍmum relative hunÍdity of 0 to 7t rqere also used. Exposure tlnes

were in thê range of 24 to 700 h, although in 88.7* of studies exposure

times of (200 h were used. MorEal!Èy response of aduLts \,¡ere reported

tn 60t of the studles, whereas Eortalfty of egg, larva and pupa were

reported ín 33, 10 and 27*, respectively. More than 1000 differenÈ

environnental cornbinations have been used to sÈudy the nortallty
response of various pests and there ls a potential for uslng the same

or more environmental combinations in future work on dlfferenÈ pests.

The laboratory controlled- atnosphère unlts developed. so far have

limitations and generally produced operating condltions unique to

indÍvidual- studies.

There is a need for a versatlle controlled atmosphere unft capable

of producing any desÍred gaseous cornposícion and a range of relatfve

hu-midities, which can handle four to sÍx exposure tLnes for studying

the mortality response of sLored-product pests. The Ínforxûation fron

the data base showed thaL Ëhe nortality response of stored-pïoducL

insects of Trlbolium (Coleoptera: Tenebrionidae) , Sltophilus

(Coleoptera: Curculionfdae) Or.r¡zaephilus (Coleoptera: Cucujidae)

species were investigated in detaÍl at various trlnary and binary

níxtures of. CO2, O2 and N2. only t¡,¡o studles (White et aI., 19gg;
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Krishnânurthy et al., 1986) using controlled almosphere were conducLed

on the nortalÍly response of C. ferrugíneus, which is one of the most

econonically fnporlant pests of sLored cereals in \,¡esLern Canada

(Sínha, 1972). the beetle consunes nost of the gern porllon of whea!

ând produces metabolic heat ând moisÈure, r¿hich creates hot spots and

rnicrofloral spoilage of grains lrhen i.nsect populations are large.

Therefore, a study was planned to deLermine the ûortaLlty of g.

ferrugineus adults and eggs ín high CO2 (>70t by volune) and low 02

(<10t by volu:ne) atmospheres as affected by le¡operature (10 to 20.C)

and relatíve hunidity (65 co 859) símulatÍng fall and spríng condltlons

of stored grain in Canada.



2. OBJECTTVES

The objectlves of this study were:

to design and fabricate a versatile contro lled- atrno sphere unit

capable of generating deslred gaseous cornposition using any of

three gases (CO2, 02 or N2) rangfng in concentrarion fron 0 to
1008,

to make the unit capable of condltloning gases to any three

relative hunídlty using saturated salÈ solucíons and of handlÍng

sLx exposure tines in a síngle experíEent conducted for studylng

the bÍological response of stored-product pests, and

to use the developed unlt for determinlng the effect of gas

conpositions and exposure tines on the mortality of adults and

eggs of Q. ferrueineus as affected by tenperature and relative

hunidlty.

1.



3. LITERAIT'RE REVTEIJ

3.1, Infestation ir¡ Stored Grain

Infestations usually occur in stored graín \rhen the crops are

harvested \.¡arn or danp or are stored longer Èhan usual because of low

sales or high production. In Canada, the annual average \,¡heat

production bet!¡een L977 to 1986 was 23.2 l,lE of which 10.5 ML was stored

Ln farn storages for more than a year (Anon, 1986). Even though

quantitatlve losses of stored-products due Eo insects, Eites ând

¡oicroflora are not very hÍgh in Canada, harvesting and variable storage

condÍtlons provide suitable envíronüents for survival and reproduction

of some stored-product Lnsects, whÍch produce signíficant qualitative

losses. Sources of infestation are uncleaned grånarÍes, Ërucks and

grain handllng equipmenL previously used to store and transfer

ínfested grêin: Heating, caking and sprouting on the surface of the

grain bulk are the first obvious signs of heawy Ínfestaclon (Sínha et

al. 1986). Q. ferruglneus is an econornlcally inportant pest and does

the nost insect - inltlated daaage to fam-stored wheat in Canada. The

beetle consr¡mes germ portions of wheat grains. If tenperaÈure and

relative hunÍdtty of the inÈergranulat storage atnosphere are

favorable, Ç. ferrugineus can produce high netabolíc heat and moLsture,

whlch create hot spots and inÍtiate rnicrofloral spoilage of gralns,

Very little work (Itlhlte et aL., 1-988) has been done on the nortality of

dffferent llfe sÈages of Ç, ferrugineus in high CO2 (>60t) and low 02

atmospheres at relatively cool tenperature (<20.C).
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3.2. Deffnltion of Basic Terms

Stored-producE pests can be effectively controlled by storing the

grain in an atxûosphere lethal to then. Conmon Ëerns used co deflne

lethal atrnosphere grain sÈorage are: air- tÍght, r¡odified and

conlrolled. In air-tighL (herrnetíc) atmosphere storage, the respiratíon

and basic metabolisn of the conponents (stored-product, insect and

rnicrofloras) reduce Lhe available 02 and increase C02, In nodified

atmosphere storage, Lhe atmosphêre ís nodlfied by ínÈroduclng CO2 or N2

at â specified concentration. ConLrolled âtnosphere storage involves

the precise alteration and maintenance of the proportion of nornaL

aLrûospheric gases, N2, CO2 and 02 (Baíley and Banks, 1980) at a

specified pressure and flow rate. The terms: controlled atmosphere and

modifled alxûosphère are used fnterchangeably.

Air-ttght storage has been used for a long Eine to concrol

insects ín stored grain (CotÈon, 1961). The depletion of 02 and rise in

CO2 in air-tíght storages create l-eLhal environments for stored-produc!

pests, The production of G02 and constuaption of 02 in aír-tight

storage is a function of noisture content of the sÈored-product which

is directly related to the respiration raEe of nicroflora and seeds

(Diswara et al. 1987), The efflcacy of air-tight storage ln controlling

insects is specles dependent. Sinha and Mookherjee (1967) reported that

adults of T. castanerm died after short exposure in air-tfght storages

while 100t nortalíLy of Sítophilus sranarius (L.) and g. orvzae (L.)

wås obcained after an exposure of 30 days, Oxley and l,Iicken (1963)
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reported thât 0. surinanensis (L.) and Cryptolestes species survÍved

un:uLl 22 days ín an aír-tight environr¡ent. Longer exposure might have

kill-ed these insects.

3.3. Mechanisn of l{oxtality of Insects in Controlled Atûospheres

the Loxic atmospheres give ân anesthetic effect to stored-product

pests duríng the early stå.ge of exposure. As lhe exposure tine

increases, suffocation of insecLs in lethal atmospheres íncreases and

finall-y results in death. When the 02 concentration in an atmosphere

decreases and CO2 increases, the resplration rate of insects Lncreases.

The respiration activlEy of insects is regulated at l-0 or fewer pairs

of openings called uhe spiraeles located laterally along Èhe body

surface, Due to increased resplration, CO2 in the storage atmosphere

increases and causes further dilation of spiracles and no!sture loss

frorn the body of the insects. Ttte ínsects may be kílled due to thís

phenomenon of deslccstÍon at low humidfty, In Xenogs,.¡lla species

(SÍphonâpEera: PullcÍdae), an addition of l-* CO2 !n Ëhe atmosphere

piolonged the splraculår opening period and an ad.ditlon of 2* CO2

caused permanent opening of splracles (l{lgglesworth, 1965). But for

Triboltum confusum J. duVal, an addírion of L to 2* CO2 dÍd not change

the resplratlon rate of adult beeÈles. CO2 concentraÈfons of 3, 8 and

16t in air resulted ln lL, 50 and 100*, respectívely, xeductlon in the

respiratíon rate after 2 h (Atiniazee, 1971b)

At high tenperatures (35 to 45'C), chenícal cornponents ln the body

of insects becone unstable and cell strucÈure ís híghly dfsturbed.
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MortâliÈy of insecÈs at high Eexnperature is generally due to denaturing

of intra-ce1lu1ar proteins and change in rnembrane phospholipids. At

low temperatures (<0'C), moisture in the cells crystalizes causfng

cellular dehydraLion and rupture. This results in the collapse of the

cell, an increase ín solutes and irreversible bio-che¡nícal and physical

damage (Evans, L987a). At high relative hunidíty, ( intergranular air
wfchln bulks of. cereals with noisture content greater than 1Bg) and

teÐperature, the raÈe of 02 consumptfon increases due Ëo che hlgh

respiratíon rate of nÍcroflora, whlch results in increasing the CO2

concentxation, whích itself r,¡as found to be lethal to stoled-producL

pests (Diawara et al. 1987).

3.4. Developaent of ¿ Data Base on Controll-ed (t{odtfted) Ahosphele

Storage

A data base to sunnarize the operatíng condiLlons and results

obtalned fron controlled atmosphere studies on control of sLored-

product Lnsecls was developed. The data found fn artlcLes published in
the Journal of Stored Product Research from 1968 to l98g, the Journal-

of Econornic Entomology fron L960 to 1988, Controlled Atmosphere Storage

of Greins edited by Shejbal (L980), ConrrolLed Arnosphere and

Funigatlon edlted by Rípp et aL. (19S3), and proceedlngs of the Fourth

Internâtlonal Working Conference on Stored-product protectlon edited by

Donahaye and Navarlo (L987) were surnnarized in che data base. The

fíelds are: narne (Latin) of the lnsect, life stages (adult, pupa, larva

and egg), tenperature ('C), relative hunldtty (t), gas conpositíons

(CO2, 02, N2 and He), pressure (kPa), flowrate (cc/nín), exposure (h),
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nortalíty (t), author (first author) ,

year, For developíng thÍs data base

were used. A sorced f-isting based

humidity, exposure tÍme and auËhor

following secLions of the literâture

data base,

journal, volume, page nunbers and

softr,¡are packâges Dbase 3+ and 4

on CO2, 02, tenperature, relaÈive

is presenLed in Appendix 42. The

revier,¡ are based prfmarÍly on this

3.5. Factors Influenclng Effectlveness of Controlled Atmosphere Storage

The factors lnfluencíng the efflcacy of controlled aËnosphere

storage in controlling sÈored-product insects are Èenperature, moísture

content, gas conpositíon (Jay, 1983; Bailey and Banks, 1980) lnsect

species and lífe stage, age and initlal insec! population slze, lengÈh

of exposure, adsorption of CO2 by grains (Jay, L983), gas pressure

(Navarro, 7972) and gas flow rare (Shejbal er al. , 1973). fhe

distributíon paltern of different ínsect species (Navaxro eL al.,
198L), ternperature, x0oisturè content and gas concentration gradients

within a graÍn bulk should also be consídered as factors lnfluenclng

Ëhe nortaLlty of insects Ín controlled atnosphere storage.

3.5.1. Effect of Teuperature on Mortality of Stored-product lD.sects in

Controlled AEosphere Storage of Gralns

Nâvârro and Calderon (1980) studied the effect of tenperature on

xnortality of I. câstaneum, Rhyzopertha dominlca (F. ) (ColeopLera:

Bostrichidae) and S. oryzae and reported that the tine requfred Eo

obtain a certain level of insecË nortalÍty at a fixed gas composítion

decreases wÍth Ln increase in the lenperature of the åtnosphere. Storey
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(1975a, 1980a) reportêd that when the tenperature increased fron 15 to

32'c, the exposure tine decreased by 90t for obtainlng 95t noïtalfty of

Ë. otyzae, S, granarlus, B. dorninica, 1. castaneum and S,

surinamensis. Baíley and Banks (1975) obtained conplete uortality of g.

granarius ax 29.4"C in 2 weeks and at 23.9'C ln 3 weeks, but aË 18.3.C

only 78t trrortâlity was obtaíned after 12 weeks. For C. ferruglneus

adults, exposure ax 20"C resulted in Eore effective control than aL 10

and 2.5'C (l,Ihite et al. , 1988) . These results showed that in

controlLed atnosphere storage, Ehe higher thê temperature above a

threshold linit, the shorter the exposure tfne requíred to obtâín

conplele mortâlity of stoted-product insects (Storey L980a, Spratt et

al. 1985). Banks and Annis (1977) extrapolated the available data on

conttolled atEosphere storage \,¡ith 0.1t 02 and a balance of N2 at

texnperåtures >20'C and predicted that it will rake at least 15 weeks

to obtaÍn conpleLe xûortalfËy of nost stored-producÈ lnsects at 18.C

compared to 2 to 5 weeks at >20"C.

In nost of the concrolled atnosphere studies, tenperatures ranglng

from 15 to 38'C r¿ere used. The ínfornatlon obtåfned from the då.tabase

showed thaL only 6* of studies on controlled atnosphere storsge used a

temperêture less than 10'C. Studies at 20 to 30'C are ixnportant because

gro!¡th and developnent of the rnaj oríty of the stored-producL lnsects

occur ln this range and cease belo!¡ 15"C. Hor,¡ever, efflcacy of

controlled atnosphere storage should be studi.ed at lower tenperatures

for an understanding of the nortality response of insects over a rolde
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range of temperatures experÍenced in the tenperate Canadian cliEate,

where control ¡neasures usually are used in cool grain.

3.5.2. Effect of ReLative HunidiËy on tfortality of Stored-product

Insects in Gontrolled A&ospheres

A coxûponent that has been neglecled in most studles related to
controlled aEmosphèrè storage ís r¿atei vapour as measured by relaulve

hunidfty (Bailey and Bånks 1980). Though relative huroidity r¡as reported

ín most of the studies, the influence of relatlve hu-mfdtty in

controLllng stored-product pests was deternined only fn 25* of the

controlled atnosphere studies. In a bulk grain storage ecosysterû,

moisture content of the stored-product Ís in equilibrlurn \,¡íth the

intergranular air (Muír, 1986). Survtval of lnsects ln sEored grain ís
influenced by the relative hunÍdity. For nost of the stored-product

insects, Lorv relatfve hunidiÈy appears to be unfavorable for

reproduction, hor¡ever nost can survive even at very low relatíve

humiditíes (Hor¿e, 1965), Survlval at low relative hunfdity depends on

the balance mafntaíned by Ëhe lnsects between the losses and gains of

water. DesLccatlon of insects at low relâtive hurnidiÈy contributes to

Lhe nortalíty of lnsecrs (BaÍley and Banks, 1980), however rhe role of

relati.ve hurnÍdity ín causíng the nortaliLy by desiccation alone needs

clarfficâtion (Navarro and Calderon, 1980).

Insects nornally lose Eoisture by transpiratÍon through

Íntegunents and by resplration through respfratory nernbranes. T'he water

proof nature of the epicutj.cle (outer cover) greatly reduces Èhe
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ÈrånspiracÍon through the inËegument (Edney, L967) , \IaEer loss Èhrough

respiratory nenbranes is controlled by spiracles. Spiracl-es are located

at prinary or secondary orifíces of trachea. In a norrnal atnosphere,

insects kèep theír spiracles constricted, and wíll open thex0 just

enough to satisfy 02 requirenents. In depleLed 02 atloospheres or

elevated CO2 atmospheres insects open their spiracles conpletely to

obtain necessa]ry 02 anð, during chls process moisLure ís released from

the body. Excessive water loss fron the body causes nortality, The

frequency of openfng of splracles seens to be directly related to CAz

and 02 concenÈratl.on. MelLanby (1934) found that rate of \,7ater 1oss

was 2 to 7 tÍnes greater when low 02 was used instead of atmospheric

air. Experfments conducced by Wlgg1est¡orth (j-935) at 0t relative

humídíty ln lor¿ 02 åtmospheres reveâled that conplete opening of

spiracles of sone insects resulted in Lncreased \rater loss by an anount

10 tines greater than thaE found Ín norual atnospherÍc air. Balley and

Banks (1,980) reported that in loru relative hurnidíty envíronnents

(<40t), r,¡ater loss fron the insect body was nore pronounced fn high CO2

(>608) atnospheres than in low C02 (L0 to 308) atnospheres. There also

existed a relaÈfonship between relatfve hunidity and 02 concentration,

ín the absence of CO2. AE high r.h, the Ínsects required a very low 02

concentration Lo obtaln coxûplete nortality (Navarro, 197g).

Srnith (1968) reporred rhsr rhe effecr of relarlve hu¡fdlry (40-

608) on the mortality of C. ferruglneus r,¡as less than the effect of

Ëemperature (25-35'C). However, greater nortâliEy was obtained å.t the

Io!¡er relative hunidity of 408 at all Ëenperatures. In nost of the
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conLrolled atEosphere studles, there is an agreemênt thac nortâlity of

r¡ost stored-product pests is higher at low relative hunidÍties (<409)

than at high relative hunidities (>60*). Sone of the pests did not

respond to lhe variations in relatlve hurnidity for example, survival

of Plodia incerpunctella (Hubner) (LepidopEera: Phycitidae) \,¡as not

affecÈed by relative humtdity because iE rvas well adapted to survive aL

loru relative hunidities. In contrâst, survival of Am:relois transitella
(l,Ialker) (Lepidoptera: Phycitídae) was greatly influenced by relative

hunidtty (Soderstrom et al., 1986). When adults of T. castaner¡n snd O.

surl-namensís were exposed to 9, 33, 54 and 68t relaLlve hunídlty at

26.3'C wlth binary and trinary nixtures of 02, N2 and CO2, greater

morËality !¡as obtained at 9t relative hunidiLy co¡npâred to other

relacive hunidiÈles (Jay et al., f971). For Ephestia cautella

(Lepftoptera: Phycirldae) ar 4.3t CO2 and 3.2*, 02,20 ro 25* relaÈive

hurnidiLy was requlred for coxnplete nortal-lty, whereas a! thè same gås

conposition, at 939 relative hurnldity, all the Lnsects survived after

the sa.ne exposure tíme of 120 h (Navarro and Calderon, 1980). Studies

conducted by Navarro and Calderon (1974) on pupae of !. cautella at 2l

and 558 relstive hunidity revealed that there !¡as not nuch dffference

in mortallty due to the change tn relative huroldtty for eo2 ranging

fron 0 to 88*. The nortalíty of T. castaneum and T. confusurn adults in

an atnosphere contafning 45t C02 decreased, when the relative hr::ltdlty

increased froro 38 to l00t and lenperature decreased ftom 26,7 to 15.c

(AlinÍazee, I97La). Jay snd Pearnan (L971) reporred rhat rhe

susceptíblllty of lnsects !o CO2 aËrûospheres increased r¡íth a decrease

in relative hurnidity. Allniazee (L97 2) reported that a! low relative
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hunidíty, a N2 atnosphere is less lethal than a helirln atnosphere. Ttte

data on the effect of reLative hux0idity on Lhe nortality of g.

ferrugineus, and some specÍes of other genera like Sitophilus,

SitoLroBa (Lepldoptera: Gelechlidae) and Rhyzoperrha in conrrolled

atxûospheres are not avallable.

3.5.3. Bffect of ca.s CoEposition oD the ttortality of Stoted-pro&rct

Insects in Gontrolled Atmospheres

Many researchers (Líndgren and Vlncent 1970; Jay ând pearlnan,

1973; Shejbat et al. 1973; Spraft L979; Spratr er al. 19B5; Srorey,

1980a; Bail-ey and Banks, 1980; Whire er al., 1988) have srudied. Èhe

efficacy of controllèd alxoosphere storage ín controlllng specífic

stored-producE pests. Slnce trany stored-product lnsects are

physiologically different, Èhey require dlfferent atnosphere for

survfval. Therefore, Navarro (1978) cauttoned not to generallze the

results obÈained fron controlled atnosphere studfes of one specíes to

another. Many researchers (Haretn and press, 1968; Aliniazee, 1971a;

SheJbal et al,, 1973; Calderon and Navarro, L979; Storey, LggOa and

l,Ihlte et al., 1-988) did conslderable research to assess the lethal

action of dlfferent concentrations of N2, CO2 and O2 as binary or

trin€.ry xûLxÈures on stored-product pests at dffferênt temperatures and

relatlve hunldltíes. Holrever not nany reconmendations \,¡ere nade,

because of dffferênt operatíng condítions and lest rnethods used by

researchers on different strains or populations. of stoïed-product

insects,
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3.5.3.1. Effect of Pure N2 or CO2 Ahosphere

A Pure N2 atmosphere vzas better than a pure CO2 atnosphere in

controlllng I. castaneum adults, however nortalíty was rapidly

influenced by CO2 in presence of O2 at tenperatures ranging fror¡ 15.6

to 37.8'C (Hareín and Press, 1968). Lindgren and Vfncent (1970)

reported that there rvas no dífference bet\reen the morts.lity response of

g. oryzae and S. granarius exposed to pure N2 or pure CO2 atrûospheres.

Verma and Wahdí (1978) reported that pure CO2 was slgníficantly slower

than N2 in controlling I. caståner¡rn adults and larvae and eggs of E.

cautella and Or:¡zaeohílus nercator (Fauvet) (Coleoptera: Cucujtdae).

Ho\,¡ever, a CO2 atnosphere was sfgnificantly faster than N2 ín

controlling adults of 8. rnercaEor and E. cautella.

3.5.3.2. Effect of Low 02 Atmosphere

BalJ-ey and Banks (1980) reported tha! at low 02 concentrations

(<18), Ehe proportÍon of C02 and N2 in the aÈmosphere is noL important

for effectÍve control of nost stored-product insects. The morcaliEy of

I. castaneum ådults increased with a decrease in 02 concentratlon from

5 to 2* (Navarro, 1978). SheJbal er aI. (1973) found an increase ln rhe

norEalfEy of T. castaneum, Tribollu¡n confusum J, du Val (Coleoptera:

Tenebrionldae) and S. granarÍus as the 02 was progressívely reduced

from 1to 0.18. Othèr researchers (Bailey and Banks, 1980; Navarro and

Calderon, 1980) reported that thê presence of CO2 ln a low 02

atnospheÏe (<5t) is more lethal Lo lnsects than a low 02 âtnosphere

itself. The lethal actfon of a lon 02 (<1t) atnosphere was found to be
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dependent on temperature, exposure tirûe (SËorey, 1980a) and relative

hnÍÍdity (Navarro and Calderon, 1980) in Lhe absence of CO2. The

presence of CO2 in a low 02 atnosphere ínproved the efficacy nore than

the presence of N2 in a low 02 atnosphere. Calderon and Navarro (1979)

reported that in an atErosphere of less Lhan 5t 02 , Èhe nortallty of l.
castaneum adults was dependent on G02. As CO2 increased from l0 to 40g,

the exposure tine decreased fron 5 to I day for a 5 !o 2t reduction in

02 to obÈaln 959 trorLallËy of T. castaneum. \,Ihen CO2 is present, 02 is

used up rnore quickly ånd the insects die due to Íncreased desiccatfon.

Under depleted 02 at¡nospheres, Íncreased water loss fron the body of

the ínsect leads to mortality. Storey (1975a, f975b) repoxtêd that ln

an atrnosphere having less than 1* 02, aE 27"C and 50* relative

hurotdity, all life stages of I. interpunctella, A. transitella and.

âdulLs of $. granarius, S. orvzae, I, castaneun, !. confusu¡n and e.

surinamensís were killed within an exposure of 24 h. An atnosphere

having less than 2t 02 and 5 to 209 COz resul-ted 1n conpLete Eortality

of C. ferruglneus adults after 4 days of exposure (Krishnanurthy et

aL, 1986) ax 27"C, \{hen the 02 level decreased to Ot at 25o6, exposure

of 3 rveeks reduced the populatfon of g. ferrugineus adult to 2t of Èhe

orlginal levels (Burrel, L980). Annis (1987) reported rhar 959 or

greater mortality of rnost sEored-producÈ pests occurred \ríthfn 10 days

in a less than lg 02 atrûosphere, except those of Trogodema granarÍum

Everts (Coleoptera: Dexnistidae) larvae, whích required 12 days at O,lt

02 to achieve the same level of nortallEy.
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3.5.3.3. Effect of CO2 Atrnospheres

Jay and Pearxnan (1971) reported thar C02 is rhe nost efflcient gas

anong 02, N2, C02 and He ln conÈrolling lnsêc! population wirhin a

grain storagê systexû. A controlled atmosphere \¿as very effective for

controllíng insects in nilled rice. There !¡ere no Llve insects afÈer I
months in a storage systeE covered wlth â plastlc sheeE and purged with

C02 (Calverely, 1983). Mirsuda er al. (1973) found rhat fr is feasible

to sEore graín in larninated plastic bags purged with CO2, Adulcs,

Iarvae and eggs of T. caståneu¡I, ¿, lnterpunctella, Trogoderma

variabile (L.) (Coleoptera: Dernestidae) and Lasfoderrna serrÍcorne (F,)

(Coleoptera: Anobiidae) could not survive ln CO2 purged food pouches

af.xex 12 ¡seeks of storâge (Daniel and Hfghland, 1978), Hareln and press

(1968) reported Lhs.t íf Èhe air ln a confined storage lras purged with

N2, then 02 should be reduced to lt to producê a lethal aEnosphere to

I. castaneum êt L5 to 27"C. An the other hand, Íf CO2 was used, even

the presence of 158 02 pernitted the sane lethal effect.

At 10"C, 94t CO2 and 1* 02, 100t norråIíry of C. ferrugineus was

obtafned withln the exposure of one week. Whereas at 20.C, conplete

nortalfty could be obialned ar a CO2 lewel of 59* and 9t 02 within a

week (I,IhfÈe er aL., L988). Ar 27.C, ALLnIazee (1971a) obråíned coxnplere

nortality of !, confusum and T. castaneum in less Èhan 1.5 days \rlth 2t

02 ín ÇO2 atnosphere, but ft took 4 days when a sinllar atnosphere \ras

crèated using N2 ínstead of CO2, In situatlons where llLtle or no

âttempts are made to seal the storage struciure prlor to the lreatnent,
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elevated C02 (>60S) ís nore effective than depleted 02 for controllfng

nost stored-product pesËs (Jay, 1980; Bailey and Banks, 1980). Lindgren

and Vincent (1970), hor+ever rêporLed thar 100t CO2 is not es lethal as

60 to 80* CO2. AlÍniazee (L971,a) reported rhat ín a high CO2 atmosphere

(90 Lo 100C), the effecÈ of change ln concenLration of O2 fron 10 ro 2t

was negllglble in lncreasíng the norts.lity of five Ínportant stored-

producË insèccs.

Jay (L980) reported thar to obtain 959 nortalily of Eost stored-

product pests, iL took 4 days at hígh C02 (>60t) cornpared to L0 days at

low 02 (<18) almospheres. Ttre data collected by Annis (1987) indfcated

thaE at 80t C02 it would take 16 ds.ys to obtaln 95t nortallty of nost

stored-product pests. If f. granarltm Ls noL present, exposure tÍme can

be reduced to 8.5 days and if Sitophílus specfes are also not present

it \,rould take only 5.5 days. At 609 CO2, if !, granarfu¡n wås present,

25 days rvere needed to kill all insects. A high CO2 (>7Ot) aËnosphere

was less dependent (BaÍley and Banks, L980; Harein and press, 1968) on

tenperature and nore dependent on rela.tÍve hurldiLy (Navarro and

Calderon, 1980), The phenomenon of less tenperature dependency of high

CO2 atmospheres lras furthet proved by Zakladnol (L976). However

Allniazee (197fa) found a positive effect of Lemperåture on the lethal
action of 100t C02 ln controlling Trlboliu¡n species. In high CO2 and

high reLatÍve htunidÍty ()70t) atrnospheres, the nortality generslly

occurred due to the lethal action of CO2 alone (Navarro and Calderon,

L980). An elevared C02 (>60t) and deplered 02 (<10t) åtnosphere !¡as

rêconaended by nost of the researchers for controllíng nost stored-
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product pests. Some of the insects were not controlled very well in

this atmosphere because of the tenperature and reLatíve huroldity

conbínations used in thè studies.

3.5.4. Effect of Tí-ne of Ex¡rosure on the MortaliÈy of Insects

The effectiveness of controlled atnospherê storagè is htghly

dependenÈ on the exposure time of the fnsects. Annis (1987) reconnended

that CO2 concentratlon of 45 to 60$ should be rnaíntalned for 6 days å.t

27"C; L2 days aÈ 2L to 26"C and 21 ro 28 days ar 16 ro 20.C to obraln

958 nortallty of most stored-product pests. Jay (1980) reported that it
took only 4 days Eo kill Eost stored-product lnsects when the CO2

concentråtion was naintal.ned at 60t. Spratt et al. (1985) sholred that

exposure to 75C CO2 for 6 days ax 27"C or above Day noÈ be adequate if
T. granarium is present, and they reporÈed that larvae of !, granarlum

took 15 days to dle at 30'C and 75t C02. However, in all these studles,

effect of relatÍve hurnldiËy was not considered, which nay lnfluence the

exposure tine considerabl-y. Storey (1975a) reported that the tine

requlred to klLl 959 of adults of S. oryzae, S.. granarlus, g. domlnlca,

I. castaneun and Q, surinamensLs varled fron 3,8 to 296.7 h ac

temperacures of 15 to 32"C and 50t relarive hunidity ln an atxûosphere

of <1S 02 and Log C02. A long exposure rime of 296.7 h was requtred Èo

obtain 95S nortallty of S, or.\¡zåe at 15'C, r¿hereas e. surlnamensis

required onl-y 3.8 h âr 32'C, Srorey (1975 b) reporred rhar all ehe

stages of !. lnterounctella l¡ere killed in an exposure ufne of 48 h at

27'C anð. 50t relaÈive huxoidtcy at less than lt 02 aÈrnosphere. However
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to kill all life stages of g. cerealella under the sane atnosphere

condítion took 120 h.

3.5.5. Susceptibílicy of Species and Life Stages of Insects

Different insect specles require different atnosphères for their

control , Trogoderma granaríum l,¡as the nost tolerant species among

identified stored-produc! pests and Sltophílus species were nore

tolerant than other species 1íke Trlboliurn when exposed to 100t CO2

(Annis, L987 i SpratE et al., 1985; Srorey, L975a). Cr.\¡prolesres

ferrugíneus has a high rate of survlval conpared to other stored-

product pests such as Ahasverus advena (Waltl) (Coleoptera:

Silvanidae), Tyohaea stercorea (L. ) (Coleopterá.: Hycetophagidae)

(Burrel, 1980) and 0. surlnamensis, T, caståneun and g. dorninlca in L0

to 30$ C02 atnospheres (Krishnaüurthy et al., 1986). Even \,¡lthln the

insec! specles different sLraLns or populatlons requíred dtfferent

atnospheres for their controL depending on their physÍology and

environüental tenperature and relaÈive hunidities, For exanple, strafns

of !- ferruglneus survlved (Slnha and l,Iatrers, 1985; Snlth, 1968) sub-

zero tenperature fn Canada buL other strafns could not survive at

temperatures of 9.5 to 13.5'C for L3 r.¡eeks ln Australia (Evans,

1987b).

Susceptibfllty of ltfe srages in controlled atnospheres varled

ftoxû lnsect to lnsect. However, in nost of Lhe studies, adulEs !¡ere the

most suscepEible and pupae !¡ere thè nost tolerênt life stage, AllnÍazee

(L972) reporCed that adults of I. câstane!ìn and T. eonfusurn were the



23

nost susceptible, followed by larva, egg and pupa in N2 and He

atmospheres. LÍndgren and Vfncent (1970) reported a sÍmílar

susceptibllity patLern for S. oryzae Ín CO2, N2 or He atmospheres,

rvhereas g. granarlus followed the patlern of adulls, larva, pupa and

egg. the larva of Trogoder¡na slabrum (Herbst) (ColeopLera: Dernestidae)

and $. g¡ygêg survived for a longer exposure than pupae of S. orvzae

and !. glabrum in trínary mlxtures of CO2, 02 and N2 at 15 to 37.C.

Storey (1975b) reported that the order of lolerance for g. cerealella

was larva, pupa, egg and adulÈ, whereas for Cadra (Ephestla) cauLella,

the order was, egg, pupa, J-arva and adult and for P. lnterpunctella, it
vas pupa, egg, adult and larva.

Barker (1981) reported that in a N2 arnosphere of 95-100t, 90-95t

of C. ferrugineus eggs survived at 25"C for an exposure of 7 to 10

days. When the same aÈnosphere was rnaintained for a perlod of 13 to 20

days, nortallty of eggs increased up to 75t dependlng on the

concentration of 02 used in the nixLure. Ho!¡ever, 9Ot of adults

survlved for 13 days ln the same atmosphere. In CO2 atmospheres ranging

fron 10 to 878, adults did not survive aftex 7 days of exposure,

whereas 9 to 26* of the eggs survived. Results obtafned afrer eíght

days of exposure sho\,red that in 10 to 70* CO2 atnospheres, only 10t of

eggs surwlved, whereas at C02 levels greater than 70S, 21t of eggs

survÍved (Barker, 1979). Storey (1975a) cornpared the tolerance of ffve

stored-product fnsects in low 02 acnospheres and reported that S.

gIJZgg \,Jas the nosÈ Lolerânt largely because ínnatures develop lnside

cereaL kernels, followed by $. granarlus, !. domlnlca, l. castaneuû and
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Q, surinamensis. Based on the data base, nortality response of pupa,

larva and egg lrere sludied ln 33, 27 and 1Ot of controlled atnosphere

studles. It !¡as confirned by nost of the researchers lhaÈ adults of

most storèd-product pests are nore susceptible to elevated CO2 (>60t)

and depleEed 02 aLmospheres than the other life stages.

3.5.6. Effect of Flow Rate on HortaliEy

In most of the controlled atmosphere studies, flow rate ranging

from 20 to 200 cc/rnin was used. press et aI. <L967) cond.ucted

experíúents wíth fl-ow rates rangÍng from 50 Eo ZOO cc/mLn at 95 to 99t

N2 and 90-95t C02 arnospheres to find the mortåltty rate of the CO2-

toleranL stored-product insect !. gransrium, fhey reported fhs.t Èhe

average nortality increased rapldly in Lhe N2 aÈmosphere wlth an

increase ín the flo¡,¡ rate. The influence of flow rate on moËtaliLy \.rs.s

Iess in CO2 atrnospheres of 90 to 95t. Shejbal et al. (1973) reported

that as the flow råte lncreased, the nortality of insects decreased in

low 02 (<5t) aÈmospheres. Because of a lack of infornation availabLe in

the literaÈure about the effect of flow rate on nortêllty at lo!, 02 or

htgh CO2 (about 60C) and at different texopers.tures and relative
h¡üídlties, nost researchers negl-ecÈed thls parameter and they dld not

even reporE Lt.

3.8. ÀdvanEages and DÍsadvantages of Controlled Ahosphere Storage of

Gralns

Controlled atmosphere storage does not leave any toxlc chenlcal

residue. In addítlon to effectively controlllng stored-producL pests,
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conLrolled atnosphere sÈorage nafntains Che quaLiËy of stored grain.

Annis and Greve (1983) reported that coffee beans in CO2 âtnosphere

\{ere preserved betler than in âmbient air, the låtter resultlng in
moisture darnage and bad odor. controlled atnosphere treatnent inhibited

aerobic fungí, which eliminated rûycotoxin production (Busta et al.
1980) .

The hlgh operationaL cost of controlled aÈnospheres conpäred to

the nost conmonly used funlgants like phosphfne or methyl bronide, and.

unknoun reLÍabiLity of elevated C02 or N2 l-evels under granary

condltions are the xnain reasons for liniLed conmercial acceptance of

controlled atnosphere storage (Annís, 1987; Jay, 1983). As a result of

the change in atnosphere and vaÍiation !n tenperature lrtthln a grain

buJ-k, cerLaín Trtbolíum species secrete a substs.nce called

benzoquinone, which may have an undeslrable effect on the bå.king

quality and Easte of bread. Also Tríbolium specles, in CO2 atnosphere,

release a pungent volatíle cornpound that frritates hunan nasal

mernbranes and in conjunctlon \,rtÈh benzoqulnones turn flour a pink

colour. In concrete storage structures, uptake of CO2 by concrete

results fn fornatfon of carbonates, which can peneËrate up to 75 nn

Ínto unprotecLed concrete. This carbonaLion fron! Ís sufficíenË to

reach reÍnforced steel in large concrete granarÍes and nay place thern

at rlsk of corrosíon ln the presênce of free water and O2 (Banks and

Macabe, 1988). Stored-product Lnsects have the genetíc potentiaL Èo

develop resistance against controlled attrosphere treatnents. Therefore,

íf insecLs are exposed to CO2 atEospheres for rnany generaüions, the
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insects nay develop a potentlal resl.stance agaínsL controlled

aLrûosphere treatnents. Bond and Buckland (L979) reported that

treâtnent of seven successive generaLLons of S, qranarius adults with

75X CO2 aE 25"C Eade then three tines nore tolerant to high CO2

atmospheres.

3.7. DevLces Used in Låboråtory Studies for Controlllng Stoïed-product

Irisects using Controlled Atuospheres

3.7.1. Anesthetlzing Devlces

Several methods have been used to ånesthetlze insects for a

prolonged perlod lrithout deleterious effect. Wfltla¡ns (1946) used low

pressure, cornrnercial CO2 to anesthetlze insects, rrrhereas Caldwetl

(1956) naíntalned CO2 atnospheres with å tray of dry lce suspended fn a

bucket. i,Ihíte and Paul (1961) developed a device to generate a CO2

atmosphere, It consisted of s petrl dish and a r¡ooden deck, both

equipped wÍth wire xûesh at the botton, which l¡ere used to segregate

insects. C02 flowed through the petri dlsh and l¡ooden deck and ffnally
collecÈed in glass via1s, The auÈhors prinartly used thfs devlce for

anesthetizatlon of Elnute insects of Aphytls spectes (Hymenoptera:

Aphelinfdae). Adkíns (1968) developed a CO2 anesrherlzåtfon devlce to

Lnactivate insects and pernit sorting of the facefly, Musca auÈumnalis

DeGeer (Diptera: Muscldae) by sex, The devlce was a plywood. box (600 *

450 nn) l¡lth a shallow netal sheet funnel and a floor of wire nesh

fltted inside the box. A 7.6 nn dlaneter baffle ¡vas nounted at the

centre of lhe funnel above the gas entry polnt, CO2 r¡as released in

the area undêr the baffle Èhrough ê hose connected to a pressure
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reducLlon valve, !¡hich !¡as atlached Xo a C,O2 cylinder and was regulaÈed

by a foot actívaËed valve.

3.7 ,2. Controlled AtEosphere Units

Harein and Press (1968) designed an apparatus to generate gas

xûixËures of CO2 ând N2 ranging frorn 0 to l00t and 02 ranglng fron 0 to

208. Insect cages !¡ere suspended in gLass exposure jars, whích were

parLly submergêd in water baths, naintalned at L5.6, 26,7 and 37.8.C.

Flo\s neters and reduction valves were used, however, lictle deslgn

detail was reported. SLorey (1977, 1980a) used an èxothernic inert

atmosphere generator for roodifted atmosphere studies of nortalfty of

several s!ored-product LnsecLs. The atmosphere un!t consisted of a

laboratory-scale generator, ffve necaL cylindrtcal si1os, tvro

íncubators and pneumacíc grain-handling equlprnent for loading and

unloadlng the silos. Ttre generator r¿as builL by Gås Atxûosphere Inc.

(Strongville, Ohio, U.S.A) and produced Z,l n3 ¡h of lnert atnosphere

cornposed of less than 1t 02, 8.5 to 11.5$ CO2 and a balance of N2.

Navarro (1-972) designed a unlÈ for studylng the effect of low pressure

and gas composítÍon on stored-product insects. A låboratory oil punp

\rås operated by a notor to create low pressure Ln a vacuum reservoir, A

vacuum conÈroller regulaÈed the operatÍon of the notor by checklng the

level of pressure ln the teservolr. When the pulûp stopped, a solenold

valve r,¡as activated to close the clrcuÍt, whlch prevenÈed any further

entry of alr into the reservoir. Ustng a regulator and a needle valve,

a desired pressure rangÍng fron 3 to 14 kpa r¡as rnaintalned.
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Spratt (1979) developed an appåratus to create desired atrnospheres

\,Jith nixtures of AQ2, 02 and N2. Three gas cylÍnders \,rere used fn the

systen, Reduction valves l¡ere used to reduce the pressure of gases to

840 kPa from initfal cylinder pressures of 14 Mpa. From the cylinder,

gases passed through the fLow EeÈer ånd níxed in the blender. The

blended gases passed into a reservoir Ëank, until pressure inside the

reservoLr reached 700 kPa, when Lhe solenoid valve autonatically cut

off the flow. The flor,¡ was resumed by the solenoíd valve when pressure

dropped belo¡v 350 kPa, From the reservoir unit, gas flowed through a

reduction walwe set ar 70 kPa lnto síx llnes r¿ith flow neLers fixed in
each llne. The flow !¡as regulated at 30 cc/nin. T,he regulated gas

nLxture rqas hunÍdÍfied by passíng it through såturated soLutions of

NaCl and KCl, r,rhich produced 71* relaÈive huntdity at 30.C. The

hu¡¡Ídified gâs nixture was passed through ån insect chanber, which

conslsted of circular perspex dishes (140 nm diameter and 60 nn

height) and lids sealed wÍrh perroleuE Je1ly. Navarro et al. (19g5)

developed a uniÈ to regulate and mix AO2, 02 and N2 Ín the required

proportlon to produce desíred aEmospheres. Conpressed gas fron the

cyllnders passed through needle valves and flow meters and reached a

reservoLr. The gas nLxture r,¡as hunidifled usíng a gas-\sashlng bottle
conÈs.infng å saturated salE solution. Tlro nârro!¡ perspex plales

contalning lnsect samples were sandwLched between a glass slide and a

screen, snd the whole assernbly was held Ín posltion by a netal clip,
These assenblies were exposed to hunldlfÍed gas nÍxture in the exposure

unlts placed inslde controlled tenperacure roons of 15.6 ar1d, 26,7"C.
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3.L Sumary of Literature Revie\ù

' Everyone ínvolved ln the productÍon, storage, handllng, processing

and consumption of various cereals, oÍIseeds and their derived

products, suffer â signÍfÍcant monetary loss due to infestation by

stored-product pests. These pests are generally controlled by chenical

pesticides if ínfestaLlons becone detectable. The chemlcals can lesve

Loxíc resldues in the treated stored-products. A physical nethod, whlch

can elixninate the problem of chernical resídues ls controlled å.tnosphere

storage. The developed data base on controlled atmosphere storage

revealed that xûore than 1000 different envixonuental combinations have

been used to study the nortalfÈy response of varlous stored-product

lnsects and their lífe stages. There ls a potentlal for usfng the same

or more envirorunental cornbinatlons ln fuËure studles on different

sÈored-product pests in controlled atnospheres. The laboratory

controlled atnosphere units developed by many researchers had thefr orsn

linitations ånd produced Ltmited and unique operating conditions used

ln the studíes. A versatile controLled âtmosphere unit capable of

generatl.ng desfred gå.seous conposition, a range of relative hu¡ûldÍties

and of handling four Èo sÍx exposure Ëines in any experlnent for

studylng the mortå.lfty response of all lÍfe stages of important stored-

producE lnsects is needed.

Many researchers confirned that elevated CO2 (>6Ot) and depleted

02 (<10t) atmospheres, a! a Lenperature )27.C and relative hunidtty

<50t were effectíve in controllíng nost of the stored.-product Ínsects.

In elevated C02 aLrûosphere, the insects were controlled tr!Èhln four to
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six days, whereas ín depleted 02 atnospheres, 10 days were requíred for

controlling ¡nost of the storêd-product fnsects. No! nâny eontrolled

atnosphere studies \sere conducted on the mortality of dífferent life
stages of !. ferrueineus, lrhich is one of the Eost econornícalIy

ínportant insect species infesting stored cereals in Canada.

Crvptolestes ferrugineus does rnost danage to farm-stofed wheat ín

Canada by consunÍng large quantlEíes of germ of the seeds. Ihe

populatlons of the beetle produce high metabolic heat and elevated.

moisture, r¿hích lead to hot spots and rnicrofloral spoÍlage of grains.

The presence of one detected llve stored-product lnsecL fn connercial

grain necessiates funígatlon of the grain because Cana.da has a legally

defined zero tolerance for insects ln export grain (Canada Craln Act,

L97Oi Canada crain Regulatlons, 1975). Quality loss in graln by

extensive ínfestations results in dom-grading of the grain, usually to

animal feed r,rÍth sÍgníffcant ffnancíal losses to the producer.



4. HATERIAI.S AND UETHODS

4.1. Couponents of the ControlÌed Ahosphere Unit

The cornponents of the controlled atnosphere unit (Flg. 4.1) are

conpressed gas cylínders, pressure regulators, flo!¡ roeters, a Eas

sampllng port, a gas blender, relatíve hu.nÍdtty units wíth measuring

porÈs, an insect chamber with exposure uniLs and an exhaust assernbly.

The gases fron lndlvidual cylinders flow sequêntlally through pressure

regulators, flow meters, blender, relaËive hunidtËy unl.ts, exposure

units and an exhâust assenbly.

4.1.1. Gas Gylinder-Regulator Detatls

High pressure gas cyllnders (CO2: 5.8 Mpa, 02 and N2: 16.1 Mpa)

lrere plâced in an equilateral tríangular bottom stand with sides of 500

mm and attached to a centxal pole (40 xnn diameter) by chalns, These gas

cylinders contained 99.5 to 99.95t pure gases, 50 to 120 ppn of rvater

vapor and traces of sorûe inert gases lfke helfun, neon and argon. The

pressure was reduced to 35 kPa (a11 pressures reporÈed tn thts thesls

are gage pressuxes except where Eentloned otherwÍse) uslng pressure

regulators. The pressure regulators used !n the experfnent had input

gauge lndicators with the pressure range of 0 Lo 2g I,fpa and. output

gauge indlcators with the range of 0 to 700 kpa,

4.1.2. Flor¡ lfeter- Callbratlon Details

A rot&ûeter (Tube-cube node1, ¡fatheson Instruxnents, Ottawa,

31
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Ontario, Canada) erith a rânge of 0 to 3200 cc/nin was used !o neåsure

C02 flow raLe. lwo other rotameters (Sho-rate ¡nodel Brook,s InstrruenL

Division, ontario, Canada) with a range of O to 1600 cc/min \,¡ere used.

to neasure N2 and 02 flow rates. All these rot¿u¡eters were ínitially

calibrated uslng a waLer displacenent method. Two cylfndrical tanks of

equal vo lurne (I8,72 L) were used in the water displacernent Èests. The

tanks \,rere placed at the same elevation to avoid the problen of gravity

flow. Each gas (CO2, 02 and N2) at 35 kPa lras passed rhrough rhe

rotaneter to be caLlbrared and then into the top of lank I through 6.25

nÐ diametex polyvinyl tubÍng and a control valve. Fron the outlet of

tank l, the water flowed through ânother controL valve into tank 2.

Outside the tanks, marks were nade to indicate the lewel of wåter ln

lftres. The tÍne taken for the dlsplacenent of lrater fron level 1(5 L

nark) !o level 2 (15 L nark) in tank 1 Î{as noted. The volunetric flolt
rate indícated by the rotameter and the flor¡ rate calculaËed usfng the

waEer displacenent rûethod were conpared.

Three trials wêre conducted ar 160, 480, 800, 1120, 2080 and 3200

cc/nin flow rales as fndicated by the HaÈheson rotaueter, The sane

procedure was repeated for Sho-rate rotameters at 160, 480, 8OO, lL20

and 1600 cc/x0ln. The calibratÍon of rotaneters usfng the \,¡ater

dlsplå.cenent nêthod was verlfied using a pitot tube dfgÍtal neter. The

pltot tube dlgital meter (Hand Diglral Model, Afr Neotronics, Oxford,

England) gave a dlrecÈ reading of gas velocity. Frorn Èhe vel-ocity, the

flow rate \,¡as calculated by multiplylng the area of tube cross section.

Three ÈrLals !¡ere conducted using all three rotsneters at each level
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of flo\,, rate used in the \,rater displaceuent calibration method. The

results were compared with the !¡ater displacerûent values and ít r¿as

concluded that the pítot tube gave bêtter precision than the water

displacernent ne Ëhod.

4.1.3. Blender-Design Details

The front vier¿ of the blender used Ëo nix the gases unífornly is
shown ín FLg 4.2. To obtain efficient nÍxÍng, the length of flow rvas

increased severål times by placlng baffles (Ffg, 4.3) at âpproxi¡nately

one half of the pipê dianeËer (75 nn) and forcing the gâs mLxtures

through oriflces of approximately 0.5t 1S0 nm2) of the Lotal area of

the baffle. The baffles in the blender lrere ârrânged in such a way that

adjacent baffles had orifices in the upper and lower half of the

baffle. Many researchers (Beer and Chieger, 1"972; Hartung and Hlby,

L972, cLEed in AJ inkya, 1984) recounended that concurrent and cross

flow of gases in a swirling flow gave better mtxing effÍcíency. Based

on these reconnendations , the opening area, posltion of the baffles and

configuratlon of the blender were selected. The elbo\,, portions of the

blender were used as terûporary reservoirs over the desígn range of flol¡
rate used in the unit. The totaL length of rhe blender tubíng was 91-6

mn and 25 baffles r¡ere used.

The baffle assenbly consisted of a threaded rod (5 run díaneter),

baffles and hexagonal nuts. Baffles \,rere posíÈioned on lhe threaded rod

by hexagonal nuts. Ihree plastic J-lds, one at inlet (l), one at ourlet

(0) and the other one in between the inlet and ouÈlet, at M (Fíg. 4.2),
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were used for easy installation of blender assernblies and for

adjuslments of baffle spacíng in an assernbly.

4.I.4. Gas Sanpling Port - cas Composition Analysis

A gas samplíng port was placed between the blender and relative

humidity units. It r¡as a brass T section wlEh a rubber sepLum fÍxed at

the ouLlet of the T seclion. Gas samples were taken usfng gas-Llght lO

cc syringes. The efficíency of gas mixing in Lhe blênder was deternÍned

by analyzíng the samples tâken from the sarnpling port. A gas

chronatograph (Matheson, rnodel: 8430, H.F. Instrr¡ments Ltd. Rexdale,

Ontarlo, Canada) \,¡ith a thernal conductivlty detecÈor rvas used to

analyze gas coxoposÍtíon ln Èhe mortality study of adults of Ç.

ferrusineus. Hellum was used as the carrier gas, The chronatograph was

calibrated with corn¡nercially prepared standard gases ranging fro¡n 0 to
1008 and charts relating chromatograph response to gas concentration

were prepared for CO2 and 02. The oven and detector temperatures !¡ere

nainÈained at 45'C. A flxed-volume 1 cc lnjector loop and 2-n columns

of porapak q (C02) or nolecular sfeve 5A (O2) were used. The

attenuation used ln the chronatograph was varied from 16 to 64

dependlng on the concentration of the mixture beíng analyzed. The peaks

were recorded uslng a chart recorder.

câs composition used in Lhe norrallty srudies of eggs of Ç.

ferruqineus was analyzed using a gas chronatograph (Hehrett packard,

rnodel:HP98504, Avondale, Pennsylvania, USA). Ttre chromatograph was

callbrated using comnercially prepared standard gas nixtures contalnfng
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gases (C02, OZ, NZ) in the range of 0 to 100*. The nean area, retenrion

time and area/amount relationship obtaÍned fron 10 replicatlons for

eaeh gas in the gas nixture \,ras stored in 3-level caLibratÍon fí1es.

The calibratíon files \,¡ere stored in the random access rnernory of an

integrator (HelwetL Packard, model:HP33964, Avondale, pennsylvania,

USA). The linear, non-linear and point to point calibration flles ruere

created for each gas as well as for the gas níxtures. Depending on the

level of gas concentralion used in the experíments, eLther linear or

non-linear calibration files were recrieved every time for analysfs of

gases. The gas chronatograph had a flxed voh.rme 0.5 cc sarnple lnjector

loop. The oven tenperature was nainLalned at 70,e for 2 nin, lncreâsêd

to 90oC at the rate of 3o'C/min and EaintaÍned at 90.C for 1 nln.

Heliurn was used as the carrler gas at 215 kPa. A thernal conductivlty

detector, porapak (CO2) and nolecular steve (02) eolu¡nns of 2 n long

were used to deLect the gas concentratLon in the saxnples,

4.1.5, Relative Hunidity Units

The gas nixÈure fron the blender was distributed equally to three

relatÍve hunidlty units by a three-way divider, Each relatlve hunldfty

unft conslsted of e 500 ml Erlenmeyer flask with a rubber stopper

havlng a hole of 5 Ðm dlanetèr. Through rhe lnlet hole, a 145 nn long

tube was inserted, whlch reached 8 r¡.n above the botton of the flask.

The desíred relative hunidities were genêraLed by bubbling the gås

nlxLure in saLurated salt solutions. The relaElve hurniditÍes produced

were neasured usÍng a Vaisala, hr.rnicap, llM 1698 probe equÍpped r¡íth a

thin polyner capacitance sensor and HHI 31 dÍgital xleter (Helínskl,
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Finland). The probe r¿as callbrated \rith standard salt solutlons of

LiCl, NaCl and K2S04 using srandard procêdures and a Valsala HM 11

calibrator.

The relatíve hurnidity measuring ports were locaLed betr¿een

relative hurnidlcy units and Ehe insect cha¡nber. A polyvinyl T-joínt,

vith a provision for the ínser!Íon of a relaÈive hurnidity probe and a

polyvinyl position control valve, r,¡as used as the measuring port. ftre

hu¡nfdlfÍed gas lras tapped ln the nessurlng porË and exposed to lhe

relaËive hunidtËy probe. Exposure tiues of 15 to 20 ufn were used to

bring the hunidity sensor 1nËo equilibrtun \rith the gas especially when

the step change fn the relative htrnldlty nêasurenent was around 2Ot.

The hunidífied gas fron each relative hurnidiÈy unit was dístrlbuted

equally fnto three parts by a three way divider, Fron each part of the

divider it r,¡as further subdivided into two parts and was taken to lhe

exposure unics of the fnsect chanber. At each line, a flow regulator

was used to regulate the gas flor,r lnto the exposure unlts.

4.1.6. Insect Chanber-Detall-s

The rnixed, hunidifíed gasês !¡ere flushed continuously into the

exposure units of the insect char¡ber. Thls continuous flushing

prevented the formaEÍon of a gas conposlElon different fron the desired

level due Co xoetâbolíc activitles of the insects. The plan and

elevation of the insect chsmber are shown tn Fig. 4.4. Each exposure

uni! consisted of four ínsêct boxes of 50 n¡o diameter and 50 nn hfgh,

wiLh a screen of 80 nesh (110 nícroneter openfng) fixed at the botron
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of each box. Insect boxes in an exposure unit were placed one over

another and duct tape (aLuminum coated) was used to keep them tlghtly

sealed.

For the exposure unit, !rvo, 55 x 55 x 6 rom glass plates lrere used

as lids. As shown ín the Fig. 4.4, four holes of 4 n¡n dianeter v¡erè

drilled, at a 1íttle offset (2 nrn) from the circunûference of the 50 rnrn

dianeter círcle in the glass llds. The dfstance between the drflled
holes Ín lids was 46 I 2 nm. Four threaded rods of 260 nn length and 4

nm diå-meter were inserted through the four drftled holes in both Èhe

J-lds, after ÍnserLing the exposure unit wíthin che four lhreaded rods,

Four hexagonaL nuts !¡ere used on both the llds to keep the exposure

unÍt tightly sealed. The lnput and ouÈput gas lines were connected to

Lhe exposure uníts through 7.5 nn dlarneter openings in the lids. Flow

rates through inlet end outlet of all exposure units were neasured.

The insect chanber was capable of handling six exposure tines and

êighteen exposure units, The flow of gas into the exposure uníts from

the relatfve hunÍdlty units was controlled by position conErol valves.

Four controls (not êxposed Èo the generaÈed atnosphere of gas) of

exactly the same dfunension as the Lnsect box !¡ere placed inside the

controlled tenperature chaxnber (Fig. 4.1)

4.1.7. Exhaust assenbly

The gases from the outlet of Èhe exposure units were exhausted to

the åtnosphere Èhrough an exhaust assembly. The exhaust assenbly

consÍstêd of nine exhaust ínlets and one exhaust outlet. Two outlets
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frorn exposure uniÈs were connected to one exhaust inlet by xûeans of a y

po1¡rvinyl coupler. The ¡nain exhaust tube was 10 ¡nrn in diameler and 7 ¡n

1ong. This rnain exhaust tube \.¡as connecLed to an exhaust pipe of 180

Ím díameter, rvhich was then connected Lo an existíng exhaust system for

safe disposal of gases. The controlled atnosphere unit was housed in a

temperaLure - contro lled chaüber for studying Ehe effect of temperaËure

at 10, 15 and 20'C. The lemperaturê !¡as naíntained wíthin 0.9.C.

4.2. Rearing of AdulÈs and Eggs of C. ferrugineus

AdulLs of the rusty grain beetle were taken frorn laboratory

cultures on wheaÈ gern (5*) and whole wheat (95t) at 30"C and 70t

relative huxnídity The adult beetles used ln the experlnenÈs were about

2 months old. Eggs of rusty grain beeÈ]-e rvere reared by plactng 250

adults in 1009 lrheaL flour culÈures. The culturês !¡ere naintained at

30'C and 70* relative hurnídiry for 60 h and Ehen they were sifÈed usíng

sieves wich openings of 0.425 and 0.112 rnÐ to separate the beetles and

flour frorn the eggs.

4.3. Experimental Design

A 3 (C02: 70, 80 and 90r) x 3 (02: 0, 4 and 8r) x 3 (relaÈtve

hunÍdÍty: 65, 75 and 85*) x 3 (cenperårure: 10, L5 and 20.C) x 6

(exposure tine: 24, 48, 60, 72, 84 a¡d 96 h) facroriâl deslgn was used

to study the nortality of g, ferruglneus âdults at a pressure of 35 kpa

and a flo\,, raËe of 55 ce/nin. A factorial deslgn of 3 gA2: 70, 80 and

908) x 2 (O2: 0 and 48) x 3 (relative huûidíry: 65, 75 and 85t) x 2

(ternperature: 10 and 20'C) x 3 (exposure tíne: 24, 48 and 96 h) was
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used for studying the nortallty of eggs at the sane pressure and flor¿

rate. Four replicates were run a! each condition.

4.4. Experimental Methods

Twenty five adulEs and I g of wheaË gern were placed in each

insect box of the exposure units and the controls. Insect boxes $¡erê

assernbled ínto exposure units as described in seculon 4.1.6. The

exposure uníts \rere assembled in the insect chamber. InLets and

outlets of the exposure units were connected to lhe gas 1ínes frorn the

relative hur¡idity units and exhaust assenbly, respectively. Flo¡u neters

were adjusted Lo set the proporÈÍon of indfvídual gases (CO2, 02 and

N2) for the gas nixture required ln a glven experínent. Saturated sâ1t

solutlons of NaNO2, NaCl and KCI were prepared by dissoLving 50 g of

sâlts in 35 ¡nL of dlstilled rvaËer fn the relatlve hux0ldfty units for

generatíon of 65, 75 and 85t relatíve humidíty, respectívely (Winsron

å.nd Bates, 1960). Flow rate at the inleL and outlet of all the

exposure unlts and relatíwe hunidity at each relativê hunídlÈy port

were measured. Electrfcal circuiËs of the teüperature - controlled

charnber were acÈLvated 60 nín before startlng each experinent to

attain a required constant tenperature within the chamber. TeEperaLure

of the envirorìmental roon was recorded continuously using a chart

recorder, The recorded ternperatures ¡,¡ere verified uslng a mercury-ín-

glass therrnorneEer at ân interval of 24 h, The gas composicion of

sa-mples was analyzed by injecttng 5 cc of sample Ínto Lhe gas

chrornatographs (section 3.1,4) ar ân inrerval of 1,2 h, Relative hunidity
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\ras neasured nanually at an Íntervâl of 6 to 12 h as described in

s ec Ëi.on 3.1.5.

After each exposure (nentioned ín sectíon 4.3. on ExperinenEal

Design), the position conLrol valves of corresponding exposure unfts

were closed and Lhe uníts v¡ere renoved and dfsassenbled. ,The flo¡¿

meters \rêre adJusted to naíntâin the flors rate å! 55 cc/nin in the

renainlng exposure uníts. From the lnsect samples, wheaÈ gern was

slfted usíng a sLeve wíth an openíng of 1.L9 nm. Afrer siftíng, the

proportion of knocked down and acllve âdults were recorded. Then all
the adults and a fresh 1 g of wheat germ \¡7ere placed ln glass víals of

25 cc capacity r,:iÈh perforaced llds. The glass vlals r¡ere kept for 16g

h at 30'C and 70t relative hurnidity for allowlng the adult to

recover. Wheat gerE r,ras sifted once again and number of mobile adults

were recorded. The dífference bet\reen the initlal adul-t populatfon

(25) and noblle adults obtalned afuer recowery was defined as dead

adults and was expressed as trortality on a percent basls.

For nortallty studies on eggs, experLments were conductêd wiÈh

fÍve eggs placed on 0.5 g of wheat flour in each insecc box of the

exposure unit. Tenperature, relative hu:nidlty and gâs composiEions

were nonftored at inLervals of 24, 72 and 24 h, respectiveLy.

Innediately åfter the exposure, the eggs r¿ere sffted using a sieve of

0.110 nn opening and counted. Then they were placed on !¡heat flour at

30'C and 70t relâtive hunidity for 4 days for larval ernergence. The

emerged larvae were counted and egg nortality, expressed on a percent
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basis r¿as calculated by subtracting the nu.mber of ernerged larvae frorn

initía1 egg nurnbers,



5. RESI'LTS AND DISCUSSION

5.1. Precision of the Controlled Àtûosphere Unit

Fig. 5,1 to 5.3 represent the deviation of rneasured values of CO2,

02 and relatíve hunidity, respectively from the mean of ¡oeasured values

obtained in the nortalÍty study of C. ferrugineus adults. The nean of

each level of CO2 and 02 was obtained fro¡o nlne tests (3 gas levels x 3

texûperatures) and mean relalfve hr,rnídity rcas cs.lculated from 27 tests

(3 CO2 x 3O2 x 3 temperatures), For each tesÈ, the gas levels and

rêlaElve hurnldity were measured at each exposure tiEe. Measured values

of gas level-s and relatÍve huntdity glven in Ftg. 5.1 to 5.3 are Ehe

averages of the rneasured values at the dífferent exposure tfnes.

At 90* c02, Èhe neå.n of CO2 concenrratlon was within O.5c of the

set level, whereas â.t 70 and 80t, lÈ lras wirhin Lt (Ffg, 5.1.). At all
Ievels of CO2, the ¡neasured values ruere \rithÍn a range of t2t fron the

mean. At 70 ând 80S CO2 levels, measured values hsd a standard

deviation of 18, !¡hereas at 9O*, the standård devlatlon r¿as 1.2t, The

mean 02 concentraeions \,¿ere sithfn 0.5t of the levels set at all 02

leveLs (Flg, 5.2.). When the concenrratlon of 02 in the gås mlxture

íncreased, the cåpabílicy of the unít !o naintain 02 decreased (e,g.,

the standard deviaLlon of the neasured values at 8g 02 level was about

0.8t cornpared to 0.lg at 0s 02). Ar the Bt 02 1evel, some of Ëhe

measured values \,¡ere \rithln a range of l.1t from the nean. The

46
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rotarleter had a wide range and therefore fíne adjustmenËs could not be

¡nade. This night have contributed to the variation in 02 concentraEion.

To solve this problem a high precison and low range flow neÈer coul-d be

used.

Mean of reLative hurnidity were 2.3, 1.2 and 2.4t less than the set

levels of 85, 75 and 65t, respectivei-y. Although the neasured relative

hurnidíty vaLues at all three levels had a deviâtion ranging froro 0 to
2.78 from lhe nean, the standard devlallon åt 759 relåtfve hunidity v¡as

only 0,68, and L.lt at 85t relatlve hurnidtty The regression fits
using procedure GPLOT of SAS (SAS, 1985) indicated rhar ar all CO2 and

rêlaLive hunidíty levels the neasured values were well within the 95g

confidence ínterval and only sone of the neasured 02 concentratlons at

4 and 8t O2 levels \,¡ere outside 95t confídence lntervals.

Flow ratês through Èhe lnlet and outlet of the exposure unlt r¡¡ere

rneasured. Since the difference between the nean values of Eeasured

Ínlet and outlet flo\,, rates \ùas aLnost zero, all the test Lnsects Ln ån

exposure unít r¿ere equally and unifornly exposêd Èo the gênerated

aÈnosphere. Soap solutlon applled at al1 sealing polnts índicated no

gas leakage. The range of neasured flow race vaLues r¡as from 53 to 57

cc/nfn. The pressure was raonítored usíng the pressure gauge fndicators

aËtached Lo pressure regulators. When the pressure fn the gas cyLfnders

\ta.s nore than 700 kPa, a constanL pressure level of 35 kpa was

mafntaíned ln the unit, When the pressure dropped below 700 kpa ln the
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gas cylinder, the regulator !¿as adjusted frequently to set the pressure

level at 35 kPa.

The tygon tubing used in the units was capable of \Ìithstanding a

pressure of 250 kPa. If pressure greater than 250 kPa ís planned,

tubing with high burstÍng pressure should be selected and also high

sealing requirernents should be considered. As nentioned ín the

introductíon, ín mosE previous conLrolled atnosphere studies pressure

data were not reported. l{hen it \,¡as reported, pressure nalnly ranged

frorn 14 kPa (Navarro, 1972) to 70 kPa (Sprart, 1979). Based on rhis

inforrnacion it is felt that deslgns with greater than 250 kpa are

unlikely Lo be used in controlled - aËnosphere studies and therefore the

unit desfgned in this sÈudy can be used for most experinental \,¡ork.

5,2. I.fortality of C. ferruqíneus Adults

5.2.L. General Linear t{odel (cLU) and SÈarlstical Analysis

The adulu nortâlity datå. obtained fron four xeplicates dÍd not

vary significantly at I - 0.05 [value of (1-2r) is the confldence

línit] in Duncan multipl-e conparíson tests, Therefore, the data

obtained fro¡n four replieates were surnmarízed by calculating nean

values. The standard deviatlons of mortallty obtained at differenÈ

replicates over Ëhe nean mortality of adults are presented in Table I
of Appendix B. The nean rnortality data !¿ere used in the GLM procedure

of SAS (SAS, 1985) !o find Ehe effecL of nain variables and

interå.ctions ârnong Lhe variables on the mortality of !. ferrugineus

adulLs. Interactions were lirnited to three facEor levels. The outpuÈ of



52

the GLM procedure sho!¡ed that all thê variåbles used in Lhe study

signÍfÍcanrly influenced the nortaliry (p - 0.001). The lnteracrions

betv¡een tenperature and exposure Ëime, exposure tlme and relagive

humídity, 02 and temperâture, and texnperature, CO2 and 02, influenced

the ûortaLity (P - 0.001). N2 and CO2, N2 and exposure tlxûe and CO2 and

exposure tíEe also influenced (0.0L<P<0.10) the efficacy of controlled

âtmospheres. Ttre other Ínterâctíons influenced the efficacy, hor¿ever

the rnagnitude was very snall conpared to above nentioned inceracÈions.

the order of influence of operating condltfons was identiffed by

the sum of the squares of regression and F values. Exposure time \,ras

the uajor variable åffectlng insect nortallty followed by relatlve
humÍdity, temperature, CO2, 02 and N2 ín descendfng order. Ihis neans

that if all interactions were assraed Èo be neglfgÍbIe, the influence

of C02 and O2 lewels used Ls less than the exposure tiue, relative
htuidity and teEperature. But thê data on Lhe noxtallty response of

controls, obEained at different exposure tines (24 to 96 h), Índicated

thaE 99t of the adults survived at all tenperatures (10 to 20.C).

Conparing resulÈs fron control ånd treatnents, hunidifled gas

nixlures (relative hurnídity and gas cornposi!íon) used ln lhe ürealnent

had more effect on the norÈâlÍty than tenperatures and exposure tifrès.

For all leveLs of gas compositlons, exposure lines and tenperatures,

the change in relative hunídiÈy from 60 to 84t showed €. naxínurû

decrease in urortallty of 20-30t. Therefore the gas compositions used in

thê study influenced the nortality more than any other varlable. The
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analysis of data using procedures RSQUARE and forrøard STEPWISE

regression of SAS (SAS, 1985) showed that xnortality (M, *) of adults of

Ç. ferrugineus can be explained as a funcÈion of CO2 (t), 02 (t),
exposure time (E, h), relative hurûídity (r.h., t) and renperaLure

(T,'C) lrith 12 of 0.79 (Eq. 1. ). If üro facror and 3 factor

inleractions were includ.ed. 12 values increased up to 0.90.

t4 - -23.65 + 0.26 (coz) + 0.32 (où + 0.8s (E) + 0.53 (r) _ 0.44 (r.h.)

. .. . . . . . . (1)

5.2.2. Effect of Gas Compositlons

MultípLe conparíson tests (Duncån) showed thât all the CO2 and 02

1eve1s significantly affected adul! nortallËy (t - 0.05). However,

comparisons done on N2 levels indÍcated that N2 trèatnents au 2 and 6t

and also treatxûênts ranglng from L0 to 3Ot can be grouped, together.

Fig. 5.4 to 5.6 show the response of !. ferrugineus adults to CO2

concentrations at 15"c and 74t relåtive hunfdÍty for differenr O2

levels of 0, 4 and 89, respectlvety. At all levels of C02 and O2, the

rnortality lncreased wlth ån lncrease fn the exposure tlne. For both 0

and 4t 02, the nortêllty rvas lower at 69,6t CO2 especlally afÈer 4g h

of exposure, lhan at the hígher CO2 levels. As the 02 concentïatl.on

increased the effect of CO2 on the nortaLlty gradually decreased. At gt

02, Èhe influence of change in CO2 concentretlon fron 69.6 to 90.9* on

thê mortality was alnost non-existenÈ. Whereas at Ot 02, the sane

change in COz Íncreased the nortalíty by 30 and 4Ot at g4 and 96 h,

respectively. Thls neans Ehat at 15.C, sn atmosphere with CO2

concentration greater than 80t ruas lethal at low 02 level.
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The response of adult beetles to various CO2 and 02 leveJ-s at

20"C and 74* relative hurnidity is represented in FÍg.5.7 to 5.9. The

effect of C02 on the rûortaliLy of adult beetles ax 2O"C \¡¡as more than

that at 15'C. At 0B 02 and aL 84 h exposure time, rhe xûortality was

508 higher at 89.78 CO2 than thaË at 68.6t CO2. As thê exposure rLme

íncreased from 60 to 84 h, an increase of 40t mortallly was obtained at

bolh 80.6 and 89.78 C02. For the sane increase in exposure Line at

68.6t C02, nortallÈy Lncreased only by L5C. Ar the 8t 02 level, an

increase in C02 from 68.6 to 91.1-t increased Lhe mortâlity by 3Og at

96 h of exposure, however the Ínfluence on nortality was less than L5t

at olher exposure tínes (24 to 72 h). The results obtained fron 15 and

20'C showed an increasing effect of CO2 with temperature ln producing

the mortality of C. ferrugineus adults.

The experÍnents conducted aÈ a1l levels of CO2 at L0.C, Ot 02 and

748 relative humidity (Fig.5.l0) did nor resulr in hígher norralíty ar

a given exposure tiEe. Although the increase in CO2 concentration from

68 to 91.7* fncreased the norLality by 10 to L5t at â giwen exposure

tine, boÈh at 4 ând 8t 02 (Fig. 5.11, 5.12), it was less rhan 5c ar Ot

O2. The change ín C02 concentration fron 70 to 78t almost produced no

dffference 1n nortallty of g. ferrugíneus adulcs at 4t 02 at given

exposure lines. T'here existed a strong interaction between C02 and 02

concentration wlth ternperature between 10 and 20.C. The GI}{ procedure

also indlcaled the sar¡e strong interaction. The lnterâctíon between gas

conpositions and relative humidicy fs discussed ln sectlon 5.2,5..
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5.2.3. Effect of Temper¿ture

As the tenperature increased frorn l0 to 20.C, mortalíty of adults

increased for 96 h exposure to nost of Èhe gas coxnpositions at 74*

relative humidity (Table 5.1.). Duncan nululple comparison tests for
dífferent temperatures (l-0, L5 and 20.C) indlcared that nortalíry data

aE tenperatures 10 and 15'C can be grouped together and mortality aL

20'C is significantly different from Lhe nortalÍty obtained at 10 and

l5'C. The data obtained from Snith (1965) tndtcated that rûortality of

Ç. ferrugíneus durfng developxûent increases as Èenperature decreases

below an optinum of around 27 Eo Zg.C Ín atnosphêrlc air (Fig. 5.13.).

Conparing the results of Smlth (1965) with the results frol0 Ehis study,

it is concluded that the effect of temperåture in atmosphere having

hlgh CO2 or low 02 or conblnation of both nay be dffferent than the

effect in atmospheric aÍr on the mortallty of inmaÈure of C.

ferruqineus. l,Ihite et al. (1988) also showed. a sinflar trend of lower

toxicity of CO2 at lower tenperatures on mortallLy of !. ferrugíneus

adults exposed to C02 concentråtions greaÈer than 6Ot.

5.2.4, Effect of Relarlve HusidiÈy

In nost of the experinents, Lhe norLalíty of e. ferruglneus adults

at 60 to 62t relatlve hu-mídiEy !¡as Itrore thân aË 72 xo g4* relaElwe

hurnidity (Table 5.2). Duncan nulËiple conparLson rests sho\red. that

effect of relatlve humidlty on the nortality of C. ferrugfneus adulÈs

is signiflcanx (X - 0.05) for a1l the levels of gas conpositions. At

10'C, a decrease in relative hunfdiEy fron g2.4 to 6L.6t increased the



Table 5.1. The nortalíty of C. ferrueineus adults exposed Eo different

gas conpositions a! 748 reLative hr:rnidlty and two

fenperatures.

Gas cornpositíon, t Temperature Mortality, g

'cN2O2co2

68.0
68.0
80.1
80.1_
90.5
90. s

7L.L
7L,T
77 .2
'77 )
9L.7
9r.7

oö. u
68.0
80.6
80.6
88.3
88.3

0.1 31.9
0.1 31.9
0.0 19.9
0.0 I9.9
o.2 9.3
o.2 9.3

4.9 24.0
4.9 24.0
4.9 L7.9
/, o 17 0

4.9 3.4
4.9 3 .4

7.3 24.7
7.3 24.7
8.0 il..4
8.0 LL.4
9 .2 2.5
9.2 2.5

t0
20
10
20
10
20

10
20
t0
20
t0
20

10
20
10
20
10
20

36
40
37
17
39
88

57
60
59
þö
69
85

66
IL
69
54
66
82
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Table 5.2. fhe xûortality of Q. ferrugfneus aduLts exposed to different

gas coropositions at L0 and 20'C and three relative

hunidíties.

Gas conpositions, B

Mortality at
Relative HunidiLy, t

Temperature N2O2co2
61.6 73.8 82.4

10 68.0 0.1
80.1 0.1
90.s 0.2
7L.L 4.9
77.2 4.9
9L.7 4.9
68.0 7 .3
80.6 8.0
88.3 9 .2

68.6 0.2
80. I 0.2
89 .7 0.1
69.6 4.0
79.3 3.5
91.3 3.s
68.0 7.5
78.7 9 .3
91.L 7.5

31.9
19.8
9.3

24.0
L7 .9
3.4

24 .7
L4 .4
tq

3! .2
L9 .7
L0.2
26.4
L7 .2
5.2

24 .5
L2.O
t.4

39
52
57
58
65
84
70
77
69

49

99
73
73
07

IJ
60
81

39
35
35
63
56
65
73
70
65

44
79
84
48
80
80
65
53
85

31
25
26
50
55
59
54
61
ÞJ

28
7s
80
57
50

7I
49
8L
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mortality of C. ferrugineus adults at 0 to 0.29 02 and at all levels of

CO2. As the 02 concentration increased to 4 and 89, at about 70* CO2,

Ehe xnortalíty obtained at 73.8t relaLive huEídity was nore than thaL at

61.6 and 82.4* relative humidÍty. But in 80 and 90t CO2 atnospheres

wirh 4 to 88 02, as thê relative hunídity increased fron 61.6 to 82.4t,

the nortalíty decreased. At 20'C, at nost of the gas compositions, xnorê

nortality was obËaÍned at 61.6t relatfve hunidlty than a! 73.8 and

82.4t relative htrnf dity. The effect of relatlve hurntdlty on nort¿ìlity

of C. ferrugíneus adults in atnospheres with 02 )49 and CO2 åt about

70t did noË follow a speclfÍc trend. Whereas at all other gas

composítions at L0 and 15'C, nore Eortallty \,¡á.s obtafned at a low

relative hunídity of 61.6t than other reLative hunfditles. It can be

generalized that the low relatlve hunídity (about 61,6t) lrås noE

favorable for survlval of !. ferruglneus ådulLs ln high CO2 (>got) and

low 02 (about 0t) atnospheres.

5.2,5. Interactions Anong Varlables

Pearson co-efffcÍents obtalned from CORR procedure of SAS (SAS,

1-985) tndicated that interaction of relative hunidity with 02 ís less

than that wlth CO2 or N2, Also the proportlon of CO2 and 02, 02 and N2

fn the atnosphere affected the mortaltty of C. ferruglneus adults

considerably (0.8 to 0.9 Pearson co-efficient). Insects ln conErols,

\,thich were exposed to atnospheric aír consisting of approxinateLy 79t

N2 and 2O.9* 02 had alnost no nortalíty a! all uenperatures (10 to

20'C) and exposure tirnes (24 to 96 h). Also the Duncan rnultlple
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comparison tests índicatèd that treatnents wlth N2 ranging from L0 to

308 did no! have any sÍgnificant effect on the norta]íty, Increase in

concentration of C02 and deerease fn 02 had a poslLlve influence on Lhe

mortality of C. ferrugÍneus adults aE all exposure tlmes. An increase

in C02 and decrease in 02 concentratíons increased the mortality of g.

ferrusineus adults -

At low Lenperature (10"C), the EortalÍty of C. ferruglneus aduLts

was dependent on relative hurnídity only at 1ow 02 levels and as the

texnperâture increased Èhe dependency decreased. The effect of relå.tíve

humidÍty on mortaliLy wâs nore dependent on 6O2 concentrs.tion than 02

ât all exposure tines for 15 and 20.C. At 10.C, the lnters.ction betlreen

02 and relatíve ht[nidfty !7as nore than the ÍnÈeraction between CO2 and

relatlve hunfdÍty.

5.3. Mortality of C. fern¡g:ir¡eus eggs

The egg mortâlily obtained fron replfcates dld nor vary

signifÍcantly at I - 0,10 in Duncan nultiple conparlson tests.

Therefore, the nortå.lity obtained fron repllcaues were su:unarized by

calculating mean walues. The mean mortalftles of eggs and s!å.ndard

deviåtions are presented in Table 2 of Appendlx B. The sun of

squares of regressíon and F values obtafned froE the GLM procedure

sho!¡ed that exposure tine, 02, relatÍve huroidity, Lenperature and C02

significantly ínfluenced the mortallty of C, ferrugfneus eggs Ín

descendlng order. The inceractÍons bet\reen Lenpersture and 02, 02 and

relâtive hunídity, and exposure tine and relaÈlve hunidity lnfluenced
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the morËality (P<0.02), Teroperature with exposure time and relative

hurnídity, and CO2 wiEh exposure tine interactions r¿ere also slgnifícant

at P<0. 10. Lrhen all lhe t$ro and three variable interactions are

Íncluded in the GIJ{, the r2 rvas 0.95. The rernoval of ínteracLlons from

the model resulled in an 12 of 0,87 (Eq. 2,). Duncan nul!íple

comparÍsons tests done on nean values of replícates showed thaÈ all the

ranges of the variables used ln the study signlficantly ínfluenced the

morraliry (l:0.05) except a! 80 and 90* c02. Alrhough ar differenE 02

Ievels, CO2 influenced the mortaLiËy, the overall effect between 80 and

90* CO2 at 10 and 20'C, 60 ro 859 relårive hunldlry and 24 ro 96 h was

noL significantly dÍfferent (, : 0.05). STEP\.¡ÌSE and RSQUARE procedures

indicated that mortallty (M, t) can be best explaíned as å function of

exposure tine (8, h), 02 (t), temperature (T,'C), relative hurnídity

(r.h., t) and C02 (E).

M - 8.84 + 0.26 (co) - 3.s3 (o2) + 0.5s (E) + 0.62 (T) - 0.43 (r.h.)

(2)

5,3.1. Effect of cas Composítlons

Figures 5.14 and 5.L5 shor¡ the nortality of Q. ferrusineus eggs

exposêd to various CO2 concênÈratlons \,ri rh 4* O2 at 10 and 20.C. The

coropatison of expèrinents done at 10 and 20'C sho\,red Chat the lnfluence

of CO2 on the egg mortallcy fs a function of tèEperature and exposure

tíne, At 10'C, as the exposure ÈiEre increased, lhe mortality l-fnearly

increased. The increase in nortality due to CO2 (68.9 co 90.4t) was

distinct aÈ early stages of exposures (24 and 48 h) and as lhe exposure

tine increased co 96 h, the influence of CO2 gradually decreased. At
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20'C, the increase fn rnortalíty due Eo change in GO2 from 70.9 ro 90.7*

at 96 h is greâter than at 24 and 48 h.

At O? 02 (FiC. 5.16 and 5.17) , the egg mortality linearly

increased r,¡ith an increase in exposure tiBe aL a].L CO2 1eve1s except aË

79.302 CO2 and 10'C. Although the effect of CO2 (68.0 ro 90.69) on

mortalÍty of C. ferrugineus eggs at 0g 02 was within 10 Lo 17t, ir \,ras

distínguishable at all condillons excepr at 79.3t CO2 and 10.C. AË 96 h

of exposure, the Ínfluence of CO2 on the üortallty of Q. ferrugineus

eggs lras less at L0'C cornpared to 20'C. At bofh temperatures thê

ínfluence of different levels of CO2 \,ras nore at 48 h than at 24 ot 96

h. The results obtained at 48 h exposure and 20.C showed that the

change in 02 concentratíon from 4 to 0g at 90.0C CO2 lncreased the egg

mortaLity by 30 to 35t, however at 96 h of exposure the sarne change

resulLed in only a 109 increase ln nortaliÈy, At 10.C, change in 02

concentration fron 4 !o 08 increased the mortalÍty of C. ferrugineus

eggs by 20 to 22* ax 79,0 and 90.4t CO2 ar an exposure rirûe of 48 h.

Al-though Èhe reductfon Ín 02 concentratíon Lncreased the norÈality at

24 and 96 h, the dlfference bêtween CO2 levels was srnall conpared to 48

h of exposute.

Peârson correlation co-efficients obtained using Èhe CoRR

procedure of SAS (1985) shor,¡ed thar C02 and 02 were correlated with N2

in causing the xûortalÍty at aIl experinental conditions. Ttte other

inÈerâction co-efficients r,¡ere less than 0.L0. Based on Ëhe pearson
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correlaEion co-effÍcients, i! was concluded thaÈ Lhe gas composítíons

lnfluenced nortality more than other variables. Results obcained fron

controls showed thaE only 5 to 108 nortalicy occurred due to the

texnperatures and exposure tines. Based on resulËs obtalned fro¡n

controls it was assr.med Lhat exposure tiEe and temperature influences

on Ëhe rnortality of Q. ferrugÍneus eggs nere mlnínal. Also, at all
experÍmental condftions, the C02 ínfluence on the egg morlality was

less than 178. Ttrerefore, 02 and relative humidíty should be consLdered.

as the najor variables influencing the Eortaltty of e. ferrugineus

eggs.

5.3.2. Effect of TeEperature and Relatíwe HunidiÈy

Irrespectíve of the gas conpositions, the texoperature of

controlled atnospheres influenced the egg rnortaLfty. On Ëhe average,

nortality at 20'C was 6.5t nore than aE 10.C. Conpared to the

ínfluence of exposure tixûe and 02 on the mortality of g, ferruqineus

eggs, the têmperature influence rvas Iess. However Duncan cornparíson

tests showed that nortalitíes at L0 and 20"G were slgnlflcantly

dlfferent. At less than 48 h exposure, the fnfluence of change in

relatlve humtdÍty from 62 to 84t was not clear but the results

obtalned ât 96 h shor¡ed an increase in nortality of 20 to 30t excepu at

20'C and 48 02. Hfgher lenperåturê of 20'C and lo¡¿er relative hunfdity

of 60 to 628 was nore leÈhal thån oLher tenperatuïes (10 and l5.C) and

relative hunidiÈy (74 and 83S). Although the nature of the effecË of

temperature and relatlve hr,rmidity on egg nortalÍty vras sinilar to
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that on adult xnortality, the Eagnitude of lnfluence \,¡as less than that

for adults.



1_

2,

6. CONCLUSIONS

The eontrolled atmosphere uniE !¡as capable of generating desired

gaseous Eixtures in the laboraÈory using three gases (C02, 02, N2)

in the range of 0 to l00t for each gas.

Any three relative humidity of gas xnÍxEures can be generated

depending on lhe salt solutlons and teÐperatures and six exposure

times can be handled usÍng the unit to study rhe bíological

response of stored-producË insects.

The unit can also malntain the pressure of gas rnixtures at any

level between 0 to 250 kPa and flow rate bet!¡een O to 90 ec/mln.

In the experinents conducted to study che mortaliÈy of C.

ferrugíneus adults and eggs, the unit naintained CO2, 02 and

relative hunidfty withfn 2, l and 3t, respectívely at a constan!

pressure of 35 kPa and flow rate of S5!2 cc/mirt.

In general, adults were more susceptÍble than eggs to fatrly high

CO2 (>688) and low 02 (<5t) atmospheres,

Increase in CO2 fron 68 to 91,73 increased the adult mortallty

xûore than the nortalÍty of eggs. A decrease fn 02 from 5 to 0C

Íncreased the egg mortaLfty rnore than the adult rûortallty.

In general, a decrease ln rêlatfve htnidfËy fron 84 Èo 6Ot

resulted Ín greaLer norÈaLity of adults and eggs than an increase

ln tenperature fron 10 Eo 20'C.

ïhe cornbination of 60 to 64* relative hurntdity and 20.C

tenperature \rås nore lethal thsn any other conbfnation of relative

hunidfty and LenperaEure used.

3.

4.

5.

7.

6.

8.
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9, Although the rûortality of adulLs and eggs alnosÈ llnearly

increased r,ri th exposure time in high CO2 (>68*) and lov 02 (<9.2t)

atmospheres, time had very little effect on controls.

10. Humidified gas nixtures used in thê experiments had nore influence

on nortallty of adults and eggs than other variables used.

L2. High interactions bet\,¡een C02 and 02 with tenpexature \eere related

to adult rnortaLÍËy, whereas 02 and relative htunldity interaction

\ras proxninenlly relaced to the egg nortalíty.

13. MaximuE rûortallty of 99t for adulËs and 85t for eggs !¡as obtalned

at 20'C, 60 to 648 reLaElve hunidiÈy, 0 ro 0.5t O2 and 88 ro 91.7t

CO2 ax 96 h of exposure.



7. RECOHMENDATION FOR FIJRITIER SI'T'DIES

The developed unit can be used for studying the effectivèness of

controlled atnospheres ln controlling various life stages of the

sEored-product pests. In the literature, I did not fÍnd any data on Ehe

effecL of controlled atmospheres on nortalíly of larvae and pupae of

rusty grain beeÈles. Therefore, ÍE ís reconmended thaL a detailed study

with larvâe and pupae of rusty grain beetles be done. I spenË more chan

a month êtternpting to develop a Eechnique to produce a deslred nunber

of pupae aÈ a given tine. No solution Èo rearing problens was found,

however, ground whea! or !¡heat gerrn culture should be the rfght nediun

for producing pupae although 1c nay be necessary to rear insects

índlvÍdually. A detailed controlled atmosphere study csn be conducÈed

\,rith a nfxture of late sLage ls.rvae and early stage of pupae,

Considerable attentlon should be given for Èhe selection of operating

conditions ln such a study because ar 30.C and high relative hunÍdÍty

(>708), the developmental Elne of pupae ro adult ls only 4 days. Dara

are available for the developnent and Eortality of rusty grain beetle

adults, eggs, larva and pre-adult stages at teEperatures rangfng fron

22 xo 37'C, Sone data are available on effectfveness of controlled

atnospheres for controLllng eggs and adults of the rusty graín beetle.

Based on these data, sultable operaÈíng conditlons can be selected.

HÍgh CO2 atnospheres (>70*) with high rernperature (>27.C), low relarive

hunidity (<509) and low 02 (<5t) can be used, when the experinents âre

planned wlth all four life stages.

80
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' Little research has been conducted to study the effect of pressure

and florv rate of gases on the nortaliÈy of stored-producË pests in

conErolled atnosphere storage. Lo\,, pressures ranging fron 13 to 52 kpa

r,¡ere found to be effectíve in conErolling E. cs.utella. Shejbal et

a1 . (1973) reported that as the flow raLe of a 1ow 02 armosphere

increased, nortality increased. Therefore, studles can be conducted

\,¡ith the flow rates ranglng fron 10 to 100 cc/min and pressure frorn 0

to 70 kPa. Though the effect of Íelative huxrídiLy has been studled in

conjunctlon \,rith controlled aLmosphere storage, the effect of relâtive

hurnidíty only on the nortallty of stored-product pests has noE been

glven attention, Hence lt 1s suggested that a detailed study on the

effect of xelatl-ve hunidÍÈy alone on nortållty should be planned and

conducted,
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Appendix A

Sunuary of the Data Base:

A. Stored-Product Irisects

ThÍs data base contaÍnêd ínformation about l8 stored-product

insects, whose Lå.tin nane are listed below,

1. Arnyeolls Ëransitella (Lepidoptera: Phycitidae)

2, Cadlra cautella (alnond moth) (Lepidoptera: Phycitidae)

3. Callosobruchus naculutus (Coleoptera : Bruchidae)

4. Cryptol-estes fêrruglneus (rusÈy graín beeule) (Colêoptera:

CucuJ idae )

5. EphestÍa cautella (Lepidoptera: Phycitidae)

6. (Iepidoptera : Phycítidae)

7. FranklÍníe1la occldentali (Th)¡panoptera: Ihripidae)

8. Oryzaeohílus surinamensís (sawÈooth grain beetle) (Coleoptera:

Cucuj idae)

9. Plodfa interpunctella (Indfan neal noth) (LepfdopÈera:

Phycfttdae)

10, Rhyzopertha dorninica (lesser graÍn borer) (ColeopLera;

Bostrichldåe)

1L. Sltoohilus granarius (granary weevÍl) (Colêoptera:

Curculíonfdae)

12, SitophÍlus oryzae (rice weevll) (Coleoptera: Curculíonfdae)

13. Sitotroga cerealella (angournofs grain noth) (Lepidoptera:

GeLlchiidae)



15.

9l

Tribolir¡m castaneum (red flour beetLe) (Coleoptera:

Tenebrionidae)

Tribollurn confusurn (confused flour beetle) (Coleoptera:

TenebrionÍdae)

Trogoderrna variabile (warehouse beetle) (Coleoptera:

DermestÍdae )

Trogoderma gLabrurn (Coleoptera: DeruesLldae)

Trogoderrna granarlum (khapra beetle) (Coleoptera: Dermestidae)

B. Life Stages of Insects

The database consisted of infor¡natÍon about different lffe stages

of insects nanely adult, pupa, larva and egg. Fron the total of 1726

records, adults were reported in 1083. Larvae l¿ere used in 33.3c of the

studies, r¡hereas eggs !¡ere used only !n Lot of lhe studles. Though ln

27t of the sludies pupae !¡ere used, fewer dâta were found on nortality

of pupae. The problen of gettlng enough pupae ln certaln species of

insect night be one of the reasons that not nany conÈrolled aEmosphere

studies on nortallty of pupae lrere conducted, For example getting

enough Ç. ferrugineus pupae in the laboratory at a glven tíne was the

biggesL problem encountered by the author of this study. Sínilar

condllLons probably r¡ould be prevailing for other specles of insects.

It Íras confirned by nost of the researchers that âdults of rûost of the

stored-producË insecls are nore susceptible chan other lífe sËages to

controlled alnospheres wíth high COZ and low O2, Based on Ehe

infornation obtained from thís daEabåse, it ís suggested that future

Lll

L6.

1_7 .
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research on conlrolled atmosphere storagê should be concenËrated mafnly

on ímnature stages.

C. TeEperature and Relative Hu.nidity

In most of the controlled atnosphere studíes, EeEperature in the

range of 15 to 38'C was used. In 50t of Ëhe studfes, teEperature \,ras

only ín the range of 20 to 30'C. Only three studfes (I.Ihite et al.,

i.988; Fredrick er al ., L970i Raneshbabu er al., 1989) used a

temperature below 15'C in their studies. It ls htghly advÍsåbIe to

continue Èhe research in the range of 20 to 30.C, because growth,

developnent and reproduction of nost of the insects occur at this range

of temperaLures. Hol¡ever nore research should be conducted in future at

Èenperatures lower than lO'G fn high CO2 and 1ow O2 almospheres for

better understanding of Èhe nortallty of insects over a wlde rangê of

tenperatures.

Though relatÍve hurnidity \,ras reported in nost of the scudies,

influence of relatlwe htlInidity on norËality was studied only Ín 25t of

thê sÈudíes. Even though iL \,ras reported by rnany researchers thaL lolt

hunidíty was hlghly unfavorable for survival of most of the lnsects, fn

648 of the studles relative hunfdity of 50t or more !¡as used. Datå. on

the effect of relatlve hunldity on the EortalÍty of E. cautêlla

(Navarro and Calderon, 1974, L980), I. cascaneum and O. surlnarnensis

(Jay et al ., 1971) are available for a wide range of relatíve humidity

The influence of relative humldity on rlortaliËy of Q. ferruglneus was

studíed by Snirh (1968) tn rhe range of 40 ro 609 ín arnospheric alr
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and in rhe range of 60 ro 84t by Raneshhbabu er a1., (f989) ín hfgh CO2

and 1ow 02 aÈmospheres. Influence of relative huroidiLy on nortality of

soEe inporLant ínsects Like Sirophllus, Rhyzopertha, Ej!p!-E-qgê and

other insecEs like TribolÍurn confusum should be glven attention ln
future research,

D. Gas couposi.tlon

From experinenls conducLed with dlfferent gas cornpositions,

ranglng fron 0 to 1008 of each gas (CO2, 02, N2 or He), the comblnation

of hfgh C02 (>60*) and ]or¡ 02 (<10C) åÈnospheres was nore lerhal rhan

other combinatlons in effective control of nost stored-product lnsects.

Therefore, future research for rapld insect control can be lilolted to

Lhis conbinatlon. However these condltions and problens assoclated ruith

fabrfcating sLorage structures that are relatlvely air-Elght involve

high operaulng cost ín real field sltuaËions.

E. Pressure end Flow rate

Calderon (1966), Nawarxo (L97 2) and Back and Cofton (1925) found

that pressure influenced the mortsllÈy of sone stored-product lnsects

considerably. Howevêr, the data base showed that 90t of the studles did

not report the pressure at whích laboratory experlnents r,¡ere conducted.

FloÌr rates were generally used ín the rânge of 10 to L00 cc/mln fn 60*

of che studies and ln the remafnlng 40*, 1t was not reported. SheJbal

er al. (1973) and Press eÈ al. (1967 ) feported rhar flow rare

consíderably influenced the nortâIity. lt is recommended that

considerable research in conÈrolled aLxûosphetes should be conducted to
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assess the exact influence of pressure and flo!¡ rate on the ¡nortality

of storèd-pfoduct insects.

F. Reference Detail-s

The references occupied 5 fields in Èhe database namely, the

auÈhor nane, journal of publication, volume, year and page nunber. This

ínfornation wíIl expedíte the searching process of the literature if
the researcher is interested in knowing nore than the operåtíng

condfEions and lnsects used, and the nortâlity obtalned fn a partlculâr

study.
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INSECT NA.¡,ÍE

A-T,fYEOLI S

TRANSITELLA
CRYPTOLESTES
FERRUGTNEUS
CRYPTOLESTES
FERRUGINEUS
TRIBOLIIIM
CAS TANEIJI.Í

TRIBOL]IJM
CASTANEUM
TRTBOLlUM
CASTANEUM
TRTBOLIUM
CASTANEUM
TRIBOL]UM
CASTANETJM

TRIBOLII,IM
CASTANEIJM
TRIBOLIIJl.f
CASTANEUM
TRIBOLIl'M
CASTANEI'M
TRIBOLIUM
CASTANEUM
TRIBOLII.IM
CASTANEI]M
TRTBOLIUM
CASTANEI'M
TRIBOLII'M
CASTANEIJM
TRTBOLIUM
CASTANEUM
TRIBOLIU]'f
CASTANEIIM
TRlBOLIUM
CASTANEUI.Í
TRIBOLIIJI'I
CAS TANEI'M
TRIBOLll'M
CASTANEUU
TRIBOLIuM
CASTANEIIM
TRIBOLlIJM
CASTANEI'H
TRIBOLTIIM
CASTANEUM
TRIBOLIIJI'Í
CASTANEIJM
TRIBOLIIJM
CASTANEI]M
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CONTROLLED ATMOSPHERE STORAGE DATA BASE

STAGE TEMP R.H. CO2 02 EXP MOR AUTHORcr?rhr

T,ARVA 27 .0 60.0 0.0

EGG 25.0 0.0 0.0

ECc 25 .0 0.0 0.0

ADULT Ls.6 38.0 0.0

ADULT 15.6 38,0 0.0

ADULT 15.6 38.0 0.0

AÐULT 15.6 38 .0 0.0

ADULT 15.6 38.0 0.0

ADULT ts.6 38.0 0.0

A-DULT 15.6 38.0 0.0

ADULT 15.6 38.0 0.0

ADULT 15.6 38.0 0.0

ADULT l-5.6 38.0 0.0

ADULT 15.6 38.0 0.0

ADULT 15. 6 38.0 0.0

ADULT 21. 1 38.0 0.0

ADULT 21".1 38.0 0.0

ADULT 2L.l- 38 .0 0.0

ADULT 21.1 38.0 0.0

ADULT 21.1 38.0 0.0

ADULT 2l_.1 38.0 0.0

ADULT 21.1 38.0 0.0

A_DULT 21.1 38.0 0.0

ADULT 21.1 38.0 0.0

ADULT 21.1 38,0 0.0

0.0 66 95 SODERSTORM 1983
ET AL.

0.0 480 16 BARKER, 1981
PHILIP

0.0 168 93 BARKER, 1981
PHILlP

O.O 8 20 ALINTAZEE T. L972

O.O L2 99 ALTNIAZEE T, 1972

O.O 21 96 ALINIAZEE T. L9]2

0.0 1_5 99 ALTNTAZEE T. t972

0.0 18 75 ALTNIAZEE T. 7972

O.O L2 15 ALIN]AZEE T. 1972

0.0 24 100 ALTNIAZEE 'r. 1972

O.O ].5 55 ALINIAZEE T. T972

O,O 6 12 ALINIAZEE T. L972

0.0 30 100 ALTNTAZEE 1. L972

O.O 9 61 ALINIAZEE T. 7972

O,O 10 82 ALINIAZEE 1. L972

0.0 t4 99 ALINIAZEE 1. L972

O.O 6 2 ALTNI"AZEE T. L972

O.O 10 83 ALINIAZEE T. L972

0.0 10 100 ALTNTAZEE T. L972

O.O 9 47 ALINIAZEE 1, T972

0.0 15 100 ALTNTAZEE T. 7972

O.O 6 78 ALINIAZEE 1. L972

0.0 3 7 ALINIAZEE 1. 1,97 2

O.O L2 84 ALINIAZEE 1. 1972

0.0 9 100 ALTNTAZEE T. 1.97 2



Page No.
08/rB/ 89

TNSECT NAME

TR]BOLIIiM
CASTANEIJM
TRIBOLIUM
CAS TANEI'M
TRIBOLIUM
CASTANEUM
TRIBOLllI},f
CAS TANEI]M
TRIBOLII'M
CASTANEIJI'{
TRIBOLIIIM
CASTANEI'M
TRIBOLTUM
CASTANEUM
TRfBOLIUM
CASlANEUM
TRIBOLII'M
CASTANEIJM
TRIBOLIlJI'f
CASTANEI'M
TRIBOLTUM
CASTANElJ}4
TRTBOLIIJM
CASTANEl]M
TRTBOLIUM
CASTANEUM
TRIBOL]UM
CASTANEIJM
TRIBOLIIJM
CAS TANEIIM
TRIBOLIUM
CASTANEUM
TRIBOLIU}f
CASTANEU]'f
TRIBOLII'M
CAS TANEITM

TRTBOLIUH
CASTANEIJM
TRIBOLII'M
CASTANEI]M
TR]BOLII'M
CASTANEUl'l
TRIBOLIUM
CASTANEI'M
TRIBOLIl]l'f
CASTANEIJM
TRIBOLIUM
CAS TANEUM
TRTBOLII]M
CASTANEUM

97

CONTROLLED ATMOSPHERE STORAGE DATA BASE

STAGE TEMP R.H. CO2 02 EXP MOR AUTHOR
c88th8

A_DULT 21.1 38.00.0 0.0

ADULT 21.1 38.0 0.0 0.0

ADULT 26.7 38.0 0.0 0.0

ADULT 26.7 38.0 0.0 0.0

ADULT 26.7 38.0 0.0 0.0

ADULT 26.7 38.0 0.0 0.0

ADULT 26.7 38.0 0.0 0.0

ADULT 26.7 38.0 0.0 0.0

A-DULT 26.7 38.0 0.0 0.0

ADULT 26.7 38.0 0.O 0.0

AÐULT 26.7 38.0 0.0 0.0

AÐULT 26.7 38.0 0.0 0.0

ADULT 26.7 38.0 0.0 0.0

ADULT 26.7 38.0 0.0 0.0

ADULT 26.7 100 0.0 0.0

ADULT 26.7 100 0.ó 0.0

ADULT 26.7 100 0.0 0.0

ADULT 26.7 100 0.0 0.0

ADnLT 26.7 100 0.0 0.0

ADULT 26.7 100 0.0 0.0

AÐULT 26.7 100 0.0 0.0

ADULT 26.7 100 0.0 0.0

A_DULT 26.7 100 0.0 0.0

ADULT 26.7 100 0.0 0.0

AÐULT 26.7 100 0.0 0.0

YEAR

8 95 ALINIAZEE T, L972

4 38 ALINIAZEE T. ]-972

5 92 ALTNIAZEE T. L972

7 47 
^LINT.AZEE 

1. L972

3 12 ALINIAZEE T. 1"972

4 88 ALINIAZEE T. T972

15 100 ALTNTAZEE 't. t972

6 5 ALINIAZEE T. L972

12 IOO ALINIAZEE 1. 1972

8 82 ALINTAZEE T. L972

6 1OO ALINIAZEE 'T. 1972

8 1OO ALTNIAZEE T. L972

4 79 ALINTAZEE T. 1972

9 94 ALINIAZEE T. L972

18 86 ALINIAZEE T. 1,972

9 8 ALINIAZEE 1. 1972

15 76 ALINTAZEE 1. L972

6 O ALINIAZEE T. 1972

].5 89 ALINIAZEE T. T972

24 1OO ALINIAZEE T. L972

18 97 ALINIAZEE T. L972

L2 39 ALINIAZEE 1. L972

24 1OO ALINIAZEE 1. L972

9 6 ALINIAZEE T, 7972

L2 30 ALINIAZEE 'T. 1972



Page No.
08 /L8 / 8e

TNSECT NAI'{E

TRTBOLIIJ¡{
CASTANEUM
TRIBOLIUM
CASTANEIJM
TRIBOLIIJ}f
CASTANEIJM
TRIBOLII'M
CASTANEUM
TRIBOLII'M
CASTANEIJ}Í
TRIBOLIIJM
CASTANEUM
TRIBOLII'M
CASTANEIJ}Î
TRIBOLTIIM
CASTANEUM
TRIBOLlI'M
CASTANEI'M
TRIBOLIUM
CASTANEIJM
TRTBOLIIIM
CASTANEUM
TRIBOLlI'M
CASTANEUU
TRIBOLIUM
CASTANEUM
TRTBOLIUI4
CASTANEU}f
TRIBOLIUI4
CASTANEIJM
TRIBOLIIJM
CAS TANEIJM

TRIBOLIUl.l
CASTANEU]'f
TRTBOLIUl'f
CAS lANEIJl'f
TR]BOLIII¡I
CASTANEII}T
TRIBOLIIJM
CASTANEI'M
TRIBOLII'M
CASTANEIJM
TRIBOLIIJM
CASTANEUM
TRIBOLTl'M
CAS TANEIJM

TRIBOLIUlf
CASTANEUM
TRTBOLIIJM
CASTANEIJM

98,

CONTROLLED ATMOSPHERE STORAGE DATA BASE

STAGE TEMP R.H. CO2 02 EXP HOR AUTHOR
cr8th*

ADULT 26.7 100 0.0

IÁRVA 15.6 38.0 0.0

rÁRvA L5.6 38.0 0.0

LARVA 15.6 38.0 0.0

r.ARvA 15.6 38.0 0.0

1ARVA 15.6 38.0 0.0

I"ARVA 15.6 38.0 0.0

r¿RvA 15.6 38 .0 0.0

I"ARVA 15.6 38.0 0.0

I.ARVA 15. 6 38.0 0.0

r¿RvA 15.6 38.0 0.0

raRvA 15.6 38.0 0.0

IaRVA 15 .6 38.0 0.0

IÁRVA 26.7 38.0 0.0

raRVA 26.7 38.0 0.0

I-ARVA 26.7 38 .0 0.0

raRvA 26.7 38.0 0.0

IARVA 26.7 38.0 0.0

I-ARVA 26.7 38,O 0.0

TARVA 26.7 38.0 0.O

I-ARVA 26.7 38.0 0.0

IARVA 26.7 38.0 0.0

LARVA 26.7 38.0 0.0

IÁRVA 26.7 38.0 0.0

TARVA 26.7 38.0 0.0

YEAR

O.O 6 O ALINIAZEE T. ]-972

0.0 72 100 ALTNTAZEE 1. L972

O.O 30 82 ALTNIAZEE T. L9]2

0.0 36 67 ALTNTAZEE 1. 1972

O.O 18 6 ALINIAZEE T. 1972

O.O 72 lOO ALINIAZEE T. 1972

O.O 848 85 ALINIAZEE T. 1972

O.O 30 46 ALINIAZEE 1. T972

O.O 48 97 ALINIAZEE T, 1972

0.0 L8 26 ALÌNTAZEE '.r. 1972

O,O 36 83 ALINIAZEE T. L972

O,O 24 24 ALINIAZEE T. L972

O.O 24 61 ALINIAZEE T. L972

O.O 30 97 ALINIAZEE T. 1972

0.0 42 100 ALTNTAZEE 1. L972

O.O 12 17 ALINTAZEE I. L972

O.O 18 94 ALINIAZEE T. L972

O.O 18 64 ALINIAZEE T. L972

O.O 42 ]"OO ALINIAZEE T. L972

0.0 24 91 ALTNTAZEE 1. 7972

O.O 6 4 ALINIAZEE T. L972

0.0 24 60 AL]NIAZEE T. t972

O.O 6 IO ALINIAZEE T, L972

O.O 15 85 ALINIAZEE T. T972

O,O 30 99 ALINIAZEE T. L972



Pâge No. 4

o8/L8/8e

INSECT NAI'Í E

99

CONTROLLED ATMOSPHERE STORAGE DATA BASE

STAGE TEMP R.H. CO2 02 EXP MOR AUTHOR
cr88hr

TRIBOLIIJM PUPA 15.6 38.0 O.O O.O 36 30 ALINIAZEE T. T972
CASTANEUM
TR]BOLITJM PUPA 15.6 38,0 O.O O.O 120 1OO ALINIAZEE 1. L972
CASTANEU}I
TRIBOLIU}Í PUPA 15.6 38.0 O.O O.O 96 56 ALINIAZEE T. 1912
CASTANEIJM
TRTBOLTIJM PUPA 15.6 38.0 O.O O.O 60 60 ALINIAZEE T,. L972
CASTANEIJM
TRIBOLIIJM PUPA ].5.6 38.0 O.O O.O 30 8 ALINTAZEE 1. 1,972
CASTANEIIM
TRIBOI,IUM PUPA 15.6 38.0 O.O O.O 84 76 ALINIAZEE T. 1972
CASTANEUI'Í
TRIBOLIUM PUPA 15.6 38.0 O.O O.O 120 lOO ALTNIAZEE T. L972
CASTANEI'M
TRIBOLIUM PUPA 15.6 38.0 O.O O.O 42 16 ALINIAZEE T. L972
CASTANEI'M
TRIBOLII]M PUPA 15.6 38.0 O.O O.O 96 85 ALINTAZEE T. L972
CASTANEI'M
TRIBOLIU},Í PUPA 15.6 38.0 O.O O.O 60 27 ALINIAZEE T. L972
CASTANEU}I
TRIBOLII'M PUPA 15.6 38.0 O.O O.O 84 40 ALINIAZEE T. L972
CASTANEI'M
TRTBOLII'M PUPA ].5.6 38.0 O.O O.O 30 8 ALINIAZEE T. L972
CASTANEIJM
TRIBOLIIJI'Í PUPA 26.7 38.0 O.O O.O 6 6 ALINIAZEE 1. L972
CASTANEI]I'I
TRIBOLII'M PUPA 26.7 38.0 O.O O,O L2 20 ALINIAZEE 1. L972
CASTANEUM
TRIBOLIIJM PUPA 26.7 38,0 O.O O.O 24 90 ALINTAZEE 1. L972
CASTANEI'M
TRTBOLIIJT.f PUPA 26.7 38.0 O.O O.O 42 82 ALINIAZEE T. L972
CASTANEUH
TRIBOLIUM PUPA 26.7 38.0 O.O O.O L2 17 ALTNIAZEE 1, T972
CASTANEI'M
TRIBOLIW PUPA 26.7 38.0 O,O O.O 60 1OO ALINIAZEE T,. L972
CASTANEI'M
TRIBOLII'M PUPA 26.7 38.0 O.O O.O 30 68 ALINIAZEE Î. L972
CASTANEIJM
TRTBOLIIIM PUPA 26.7 38.0 O.O O.O 72 1OO ALTNIAZEE 'T,. L972
CASTANEI'Itf
TRIBOLIIJM PUPA 26.7 38.0 O.O O.O 24 58 ALINTAZEE T,. T972
CASTANEIJM
TRIBOLIIJM PUPA 26.7 38.0 O.O O.O 42 93 ALINIAZEE T. 1972
CASTANEU}f
TR]BOLIUM PUPA 26.7 38.0 O,O O.O 18 48 ALINIAZEE T. T972
CAS TANEUM
TRIBOLIW PUPA 26,7 38.0 O.O O.O 36 91 ALINIAZEE T,, L972
CASTANEUM
TRIBOLII'M CONIUSUM A-DULT ].5.6 38.0 O.O O,O 36 1OO ALINIAZEE 1, 7972
TRIBOLIW CONFUSUM ADULT 15.6 38,0 O.O O.O 21 62 ALINIAZEE T. L972



Page No.
08/L8/8e

INSECT NAME

TRTBOLIUU CONFUSUM ADULT
TRIBOLIIJM CONFUSUM A.DULT

TRIBOLIUM CONT'IJSUM ADULT
TRIBOLIUM CON¡IJSUM A-DULT

TRÍBOLIUM CONzuSUM ADULT
TRIBOLIUM CONzuSUM ADULT
TRIBOLIUM CONzuSUM ADULT
TRTBOLIUM CONzuSUM ADULT
TRIBOLIUM CONF'IJSIJM ADULT
TRIBOLIUM CONFUSI,M ADULT
TRÏBOL]UM CONIUSUM ADULT
TRIBOLIUM CONIUSIJI,Í ADULT
TRIBOLIW CON¡'I'SIIM ADULT
TRIBOLIUM CON¡'USUM A-DULT
TRIBOÏ,TuM CONFIJSUM ADULT
TRIBOLIUM CONFIJSUM ADULT
TRTBOLIUM CONF'I'SUM ADULT
TRIBOLII'M CON¡USUM ADULT
TRIBOLIIJM CON¡'I'SÌJI'Í AÐULT
IRTBOLIIJI'f CON¡'I'SIIM ADULT
TRIBOLTW CON¡'IJSIJM ADULT
TRIBOL]UM CONFIJSUM ADULT
TRÏBOLIT'M CON F'IJSUI.{ ADULT
TR]BOLIIJM CONFT'SIJI'I A¡ULT
TRIBOLIW CON¡'I'SIIM ADULT
TRIBOLIW CONFIJSUM ADULT
TRIBOLII'M CONI'I'SIJM ADULT
TRTBOLIUM CONFUSUM ADULT
TRIBOLIW C ONI'I' SIJ}Í AÐULT
TRIBOLIW CONI'USIIM A-DULT
TRIBOLIIJM CONFUSUM ADULT
TRIBOLIW CONFUSI'M ADI'LT
TRTBOLII'M CONFUSI'M A¡ULT
TRIBOLIIJM CONFUSIJI.f AÐULT
TRIBOLIUI'f CONTUSUI.I AÐULT
TRIBOLIUI,Í CON¡'I'STJM A-DULT
TRIBOLIW CON¡'IJSIJM A-DULT

TRIBOLII]I'Í CON¡'IJSIIM AÐULT
TRIBOLÏW CONFI'SIJM A-DULT
TRTBOLIUM CONF'IJSIJM ADULT
TRIBOLIUM CONFUSUM ADULT
TRIBOLIW CONFUSIJM ADULT
TRTBOL]1'}f CONF'IJSIJM ADULT
TRIBOLIIJM CON F'I]SiJl'f ADULT
TRIBOLIIJI'I CONI'IJSIIM AÐULT
TRIBOLIIJM CON¡'IJSIIM A-DULT
TRIBOLIW CON¡'IJSIIM AÐULT

TRIBOLIUM CONF'IJSI]M ADULT

100

CONTROLLED ATMOSPHERE STORAGE DATA BASE

STAGE TEMP R. H. CO2

ct8
02 EXP MOR AUTHOR
ths

YEAR

15.6 38.0 0.0
15 .6 38.0 0.0
15.6 38.0 0.0
l-5.6 38.0 0.0
ts.6 38.0 0.0
15.6 38.0 0.0
l_s.6 38,0 0.0
15.6 38.0 0.0
1s. 6 38.0 0.0
ls. 6 38.0 0.0
21.1 38.0 0.0
21. t 38 .0 0.0
21.1 38.0 0.0
2l-.1 38.0 0.0
21.1 38.0 0.0
21.1 38.0 0.0
2t .l 38.0 0.0
21 .1 38 .0 0.0
21.1- 38.0 0.0
21. t 38.0 0.0
21.1 38.0 0.0
21.1 38.0 0.0
26.7 38 .0 0.0
26.7 38.0 0.0
26.7 38.0 0.0
26.7 38.0 0.0
26.7 38 .0 0.O
26 .7 38.0 0.0
26 .7 38.0 0.0
26.7 38.0 0.O
26.7 38 .ß 0.0
26.7 38.0 0.0
26.7 38 .0 0.0
26.7 38 .0 0.0
26.7 100 0.0
26.7 100 0.0
26.7 100 0.0
26.7 100 0.0
26.7 100 0.0
26 .7 100 0.0
26 .7 100 0.0
26.7 100 0.0
26.7 100 0.0
26.7 t-00 0.0
26 .7 100 0.0
26 .7 100 0.0
27 .0 0.0 0.0

27.6 o.O 0.0

O.O 15 10 ALINIAZEE T. L972
0.0 24 90 ALINIAZEE L t972
O,O 9 24 AL]NIAZEE 1. T972
O.O 15 99 ALINIAZEE T. L972
O.O 15 99 ALINTAZEE T. L972
O.O L2 97 ALTNIAZEE T. 1972
O.O 15 99 ALINTAZEE T. L972
O.O 30 98 ALINIAZEE T. L972
0.0 10 57 ALTNTAZEE 1. t972
O.O 18 22 ALINIAZEE T, L972
O.O 6 28 ALINIAZEE T,, L972
O.O 12 1OO ALTNIAZEE T. L972
O.O 10 44 ALTNIAZEE T. T972
0.0 8 78 ALINIAZEE 1. t972
0.0 15 100 ALINTAZEE 't. L972
0.0 9 100 ALINIAZEE ',t. 1972
0.0 18 100 ALINIAZEE T. L972
O.O 10 99 ALTNIAZEE 1. L972
0.0 9 13 ALTNTAZEE T. 1972
O.O 15 97 ALINIAZEE T. L972
O.O L4 95 ALINIAZEE T. 1972
O.O 12 52 ALINIAZEE T. L972
O.O 5 97 ALINIAZEE T. 1972
O.O 6 99 ALINIAZEE T, L972
O.O 18 86 ALINIAZEE T. L972
0.0 4 87 ALTNTAZEE 1. 1972
O.O 8 1OO ALINIAZEE T. 1972
O,O 9 8 ALINTAZEE T, L972
O,O 6 O ALINIAZEE 1. L972
O.O 4 79 ALINIAZEE T. 1972
O.O 3 24 ALINIAZEE 'T. 1972
O.O 15 76 ALINIAZEE T. 1972
O.O 24 lOO ALINIAZEE T. L972
0.0 t2 30 ALTNTAZEE 1. 1972
O.O 18 95 ALINTAZEE T. L972
0.0 24 100 ALTNTAZEE'1 . L972
O.O T2 55 ALINIAZEE T, 1972
O.O 24 lOO ALINIAZEE T, 1972
O,O 15 46 ALINIAZEE '1 , L972
O,O 9 19 ALINIAZEE T. 1972
O.O 18 91 ALINIAZEE T. ]-972
O.O L2 ].2 ALINTAZEE 1. 1972
O.O 6 O ALINTAZEE'T, L972
O.O 6 O ALINTAZEE 'T, L972
0.0 15 89 ALTNTAZEE 't. L972
O.O 9 2 ALÍNIAZEE T, 1972
O.O L22 lOO KNIPLING ET 1961

AL.
O.O 36 50 KNIPLING ET 1961

AL.



Page No.
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INSECT NAME STAGE TEI'fP R.H. CO2
c**

ls. 6 38.0 0.0
15.6 38.0 0.0
15.6 38.0 0.0
15.6 38 .0 0.0
15.6 38 .0 0.0
15.6 38.0 0.0
15.6 38 .0 0.0
15.6 38 .0 0.0
15.6 38 .0 0.0
15.6 38 .0 0.0
15 .6 38 .0 0.0
15 .6 38.0 0.0
15 .6 38.0 0.0
26.0 38.0 0.0
26.7 38.0 0.0
26.7 38 .O 0.0
26.7 38.0 0.0
26.7 38 .0 0.0
26 .7 38.0 0.0
26.7 38.O 0.0
26.7 38.0 0.0
26.7 38.0 0.0
26.7 38.0 0.0
26.7 38.0 0.0
1s. 6 38.0 0.0
15.6 38 .0 0.0
15 .6 38 .0 0.0
ls.6 38.0 0.0
15. 6 38.0 0.0
15. 6 38 .0 0.0
15 .6 38 .0 0.0
15. 6 38.0 0.0
15. 6 38 .0 0.0
ls .6 38 .0 0.0
15. 6 38.0 0.0
15. 6 38.0 0.0
Ls.6 38 .0 0.0
26 .0 38 .0 0.0
26.7 38.0 0.0
26.7 38.0 0.0
26.7 38.0 0.0
26.7 38.0 0.0
26.7 38.0 0.0
26.7 38.0 0.0
26.7 38.0 0.0
26.7 38.0 0.0
26.7 38.0 0.0
26.7 38.0 0.0
37,8 0.0 0.0

101

CONTROLLED ATMOSPHERE STORAGE DATA BASE

TRIBOLIUM CONzuSUM I.ARVA
TRIBOLIUM CONF'IJSU¡{ I,ÀRVA
TRIBOLTTJM CONFUSIJ}4 I¿RVA
TRIBOLIIJM CONTUSUH I.ARVA
TRIBOLTUM CONFUSInÍ IARVA
TRIBOLIUM CONFUSI]I'Í IARVA
TRTBOLIUM CONI'IJSTJM I^ARVA
TRIBOLIUM CONFUSIJM LARVA
TRIBOLIIJM CONFUSIIM I"ARVA
TRIBOLIUI'f CONF'I'SUM i-ARVA
TRIBOLIIJM CONTUSIIM LARVA
TRIBOLIUM CONFUSTJM IÁRVA
TRIBOLIUM CONI'I'SIJM I,ARVA
TRIBOLII'M CON¡'USI'M IARVA
TRIBOLTIJM CON¡'USI'M IA¡.VA
TRTBOLIIJM CONF'IJSI,M LARVA
TRIBOLII'M CONF'I'SIJM I-ARVA
TRIBOLIIJM CONFUSI'M LARVA
TRIBOLIUM CONI'I'SIJM I¡RVA
TRIBOLIT'M CONTUSUM I.ARVA
TRTBOLII,M CONFUSUM I.ARVA
TRIBOLII'M CONF'IJSUI.Í I¿RVA
TRIBOLII'M CONIUSIJM I.ARVA
TR]BOLIUM CON¡'I'SUM IARVA
TRIBOLIIJM CONFIJSUì,I PUPA
TRIBOLIIJM CONFIJSIJI'I PUPA
TRIBOLII'M CONF'IJSu}{ PUPA
TRTBOLII'M CONFUSUM PUPA
TR]BOLII'M CONFÎJSUM PUPA
TRIBOLIIIM CONI'IJSUI'Í PUPA
TRIBOLIUH CON¡'I'SIJM PUPA
TRTBOLIW CONF'USIJM PUPA
TRIBOLTTJ}4 CONFUSIIM PUPA
TRIBOLIi'M CONIVSUM PUPA
TRIBOLIUI,I CON¡'I'SUM PUPA
TRIBOLIIJI.Í 6ONFUSUI.Í PUPA
TRIBOLIIIM CONFI'SUM PUPA
TRIBOLIi'M CONIUSI'M PUPA
TRIBOLI1JM CON¡'IJSI]M PUPA
TRIBOLIUM CON!'IJSUM PUPA
TRTBOLII'M CONFUSIJM PUPA
TRIBOLII'M CONTUSUM PUPA
TRIBOLIIJM CONFI'SUI.Í PUPA
TRIBOLIW CONI'I'SI'M PUPA
TRIBOLIUM CON¡USI]M PUPA
TRIBOLTW CONFIJSUM PUPA
TRIBOLIUM CONFIJSI'M PUPA
TRIBOLIIIM CONFUSIJM PUPA
TROGODERMA I-ARVA
GLABARI'M

02 EXP MOR AUTHOR

thr

0.0 36 88 ALTNIAZEE 'r. 1972
0.0 l8 28 ALTNTAZEE !. t972
O.O 36 88 ALINIAZEE T. L972
O.O 24 20 ALINIAZEE T. L972
O.O 60 IOO ALINIAZEE T, L972
O.O 42 56 ALINIAZEE 'T, L972
O.O 18 9 ALINIAZEE î. L972
O.O 30 46 ALINIAZEE T, L972
O.O 24 61 ALTNIAZEE T. L972
O.O 30 77 ALTNIAZEE T. L972
O.O 42 92 ALTNIAZEE T. L972
O.O 72 99 ALTNIAZEE T. 1972
O.O 60 83 ALINIAZEE T. L972
O.O 18 96 ALINIAZEE T. L972
O.O 12 59 ALINIAZEE T. 1972
O.O 15 83 ALINIAZEE T. 1972
O.O 6 4 ALTNIAZEE T. 1972
0.0 30 99 ALTNTAZEE 1. t972
O.O 24 97 ALINIAZEE T. L972
0.0 42 100 ALTNTAZEE 1. 7972
O.O ].8 64 ALINIAZEE T, L972
O.O 6 4 ALINIAZEE T, L972
O.O L2 20 ALINIAZEE 1. 1972
O.O 24 94 ALINIAZEE 1, 1972
O.O 42 27 ALINIAZEE 1, L972
O.O 96 72 ALINIAZEE 'T. L972
O.O 96 93 ALINIAZEE 1. L972
O.O 46 60 ALINIAZEE T. !972
O.O 72 56 ALINIAZEE 'T. L972
O.O 36 32 ALINIAZEE T. L972
0.0 48 56 ALINIAZEE '1 . 7972
O.O 48 1OO ALINIAZEE T. 1972
O.O 72 82 ALINIAZEE T. L972
O.O 30 5 AI-INIAZEE T. T972
0.0 120 100 ALTNIAZEE 'r. 7972
O.O 30 IO ALINIAZEE Î, T972
O.O 120 lOO ALINIAZEE T, L972
0.0 24 84 ALTNTAZEE L t972
O.O 42 88 ALINIAZEE T. L972
O.O 6 l ALINIAZEE 'T. L972
O.O 24 69 ALINIAZEE T, L972
O.O 18 64 ALINIAZEE '1 , L972
O.O 72 1OO ALINTAZEE T, L972
O.O 48 93 ALTNIAZEE T, 1972
O.O 6 4 ALINIAZEE \, 1.972
O.O 12 16 ALINIAZEE T. L972
O.O L2 24 ALINIAZEE T. 1972
O.O 36 92 ALINTAZEE T, L972
O.O 72 27 FREDRICK ET I97O

AL.
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SIToPHILUS ZEAMAI S ADULT 26.5 0.0 0.0 0.1 72 100 WILLIAjÍS 1980
ET.AL

SIToPHTLUS ZEAt'fAr S Ecc 26.5 0.0 0.0 0.1 96 100 I,IrI,I,lAtf 1980
ET.AL

SIïoPHTLUS ZEAMATS ÌÁRVA 26.5 0.0 0.0 0.1 80 100 wrLLrAM 1980
ET.AL

SITOPHILUS ZEAMAIS PUPA 26.5 O.O O.O O.L L92 ].OO \¿ILLIAMS 1980
ET.AL

TROCoÐERMA LARVA 26.5 0.0 0.0 0,1 120 100 \¿rLLrAl,f 1980
GRANARIUM ET. AL
AMEYOLTS A-DULT 15.6 40.0 0.0 0,5 139 95 SODERSTOM 1986
TRANSITELI-A ET, AL
AMEYOLTS ADULT 15.6 60.0 0.0 0.5 171 95 SoDERSTOM 1986
TRANSITELI,A ET. AL
A.r.fEYOLrS AÐULT 2t.1 40.0 0.0 0.5 72 95 SoDERSTOT.f 1986
TRANSITELI,A ET. AL
AMEYOLTS ADULT 21.1 60.0 0.0 0.5 113 95 SODERSTOH 1986

ET.ALTRANSTTELL¿,
AMEYOLTS ADULT 26.7 40.O 0.0 0.5 50 95 SODERSTOM 1986
TRANSITELI¿, ET, AL
AMEYOLTS ADULT 26.7 60.0 0.0 0.5 78 95 SODERSTOì,Í 1986
TRANSITELI4, ET. AL
CRYPTOLESTES ADULT 2O.O 7O.O O.O 0.5 144 1OO KRI SNAMURTHY 1986
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 7O.O O.O 0.5 72 56 KRISNA.I.ÍI'RTHY 1986
¡.ERRUGTNEUS ET AL.
ORYZAEPHILUS ADULT 2O.O 7O.O O.O 0.5 72 1OO KRI SNAMI'RT}TY ].986
SI'RINAI,f ENSIS ET AL.
PLODTA ADULT 1"5.6 40.0 0.0 0.5 L22 95 SODERSTOM 1986
INTERPUNCTELI.A ET, AI
PLoDIA AÐULT L5.6 60.0 0.0 0.5 138 95 SODERSTOM 1986
]NTERPIJNCTELI,A ET. AL
PLoDIA ADULT 21.1 40.0 0.0 0.5 53 95 SODERSTOM 1986
TNTERPUNCTELIj, ET. AL
PLODTA ADULT 21.1 60.0 0.0 0.5 58 95 SODERSTOM 1986
INTERPI'NCTELI.A, ET. AL
PLoDTA ADULT 26.7 40.0 0.O 0.5 36 95 SODERSTOM 1986
]NTERPI'NCTEI&, ET . AL
PLODIA ADULT 26.7 60.0 O.O 0.5 4L 95 SODERSTOM L986
INTERPIJNCTELI"A ET, AL
SITOPHILUS ADULT 2O,O 7O.O O.O 0.5 144 73 KRI SNA}tIJRTTIY 1986
GRANARIUS ET AL.
SITOPHILUS ADULT 2O.O 7O.O O.O 0,5 24O 1OO KRISNAHURT$Y 1986
GRANARIUS ET AL,
SITOPHILUS AÐULT 26,7 O.O O.O 0,5 168 1OO FREDRICK ET 1970
GRANARIUS AL.
SITOPHILUS ADULT 26.7 O.O O.O 0.5 72 lOO FREDRTGK ET L97O
GRANARIUS AL.
SITOPHILUS ADULT 26,7 O,O O.O 0.5 72 90 FREDRICK ET 1970
GRANARIUS AL.



r03
Page No. I
08/L8/89

CONTROLLED ATMOSPHERE STORAGE DATA BASE

INSECT NA.I.ÍE STAGE TEMP R.H. CO2 02 EXP MOR AUTHOR YEAR
ctcrhs

TRIBOLIUM AÐULT 2O,O 7O.O O.O 0.5 96 lOO KRI SNAMURTHY 1986
CASTANEUH ET AL.
TRIBOLIIJM ADULT 2O.O 7O.O O.O 0.5 72 1OO KRT SNAMURTHY 1986
CASTANEUM ET AL.
TRIBOLTUM ADULT 2O.O 7O.O O.O 0.5 48 78 KRISNAMI'RTTTY 1986
CASTANEUM ET AL.
TROGODERMA ADULT 26.7 O.O O.O 0.5 168 83 FREDRTCK ET 1970
GI¿,BARUM AL.
TROGODERMA ADULT 26.7 O.O O.O 0.5 72 23 FREDRICK ET I97O
GI.A¡ARIJM AL.
TROGODERMA ADULT 26.7 O.O O.O 0.5 168 IOO !'REDRICK ET 1970
GI.A,BARUM AL.
TROGODERMA ADULT 26,7 O.O O.O 0.5 72 IOO FREDRICK ET r97O
GIÁTARUM AL.
TROGODERMA IÁRVA 26.7 O.O O.O 0.5 72 3I FREDRICK ET T97O
CI¿,BARIJM AL.
TROCODERMA I,ARVA 26,7 O.O O.O 0.5 72 lOO FREDRICK ET I97O
GIABARTJI'Í AL.
TROGODERMA lÁRVA 26,7 O.O O.O 0.5 168 1OO FREDRICK ET L97O
CI¿,BARUM AL.
STTOPHILUS A.DULT 15,6 O.O O.O 0.6 72 50 TREDRICK ET 1970
GR.ANARIUS AL.
SITOPHILUS ADULT 15.6 O.O O.O 0.6 ]-68 78 FREDRICK ET L97O
GRANARIUS AL.
TROGODERMA ADULT 15.6 O.O O.O 0.6 1-68 97 TREDRICK ET L97O
GIÁTARUM AL,
TROGODERMA ADULT 1.5.6 O.O O.O 0.6 72 89 FREDRICK ET L97O
GIABARUM AL,
TROGODERMA IARVA 15.6 O.O O.O 0.6 168 57 FREDRICK ET L97O
GI¡,BARUM AJ-.
TRoGODERMA TARVA 1"5.6 0.0 0.0 0.6 72 29 ¡REDRICK ET 1970
GI,ABARÌJI.Í AL.
ORYZAEPHILUS AÐULT 27,6 9.0 O.O 1.0 24 44 STOREY C.L. L97T
SURINA.!ÍENSIS
ORYZAEPHILUS ADULT 27.6 33.3 O.O I.O 24 30 STOREY C.L. L97L
SURlNAI'IENSIS
ORYZAEPHILÙS ADULT 27,6 54,0 O.O ]..0 24 18 STOREY C.L. T1TT
SURINAMENSIS
ORYZAEPHILUS ADULT 27,6 68,0 O.O 1.0 24 5 STOREY C.L. I97L
SURINAMENSlS
PLODTA I-ARVA 16.0 67.5 0.0 1.0 168 82 HARETN p.K. 1968
INTERPI'NCTELI.A & A. F. PRESS
PLODTA taRVA 16.0 67.5 0.0 1.0 336 99 HARETN p.K. 1968
INTERPUNCTELLA & A. F. PRESS
PLODTA rARVA 38.2 62.0 0.0 1.0 336 100 HAREIN p.K. t-968
INTERPIJNCTELIA & A. F. PRESS
PtoDIA I"ARVA 38.2 62.0 0.0 1.0 168 100 HAREIN p.K. 1968
INTERPI'NCTELIA & A, F. PRESS
SITOPHILUS ORYZAE ADULT 15.0 5O.O O,O L.O 298 95 BAILEY & 1971

BANKS
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S]TOPHILUS ORYZAE A-DULT 32.0 5O,O O.O 1.0 20 95 BAILEY & L975
BANKS

srTopHrlus oRyzAE pupA 21.0 50.0 0.0 1.0 648 95 SToREY C.L. 7975
TRIBOL]UM ADULT 16.0 67.5 O,O 1.0 168 69 HAREIN P.K. L968
CASTANEUM & A. F. PREss
TRTBOLIW AÐULT 16.0 67.5 O.O ]..0 336 94 HÀREIN P.K, 1968
CASTANEIIM & A. F. PREss
TR]BOLII'M ADULT 27,6 9.0 O.O I.O 24 99 JAY E.G. L97L
CAS TANEI'M
TRIBOLIiJM ADULT 27,6 33,3 O,O 1.0 24 96 JAY E.G. 797L
CASTANEIJM

TRIBOLIUM ADULT 27,6 54,O O.O 1.0 24 79 JAY E.G. L97L
CASTANEUM
TRIBOLII'M ADULT 27.6 68.0 O.O 1.0 24 4 JAY E.G. L971-
CAS TANEI,M
TRIBOLIIJM ADULT 38.2 62.0 O.O 1.0 168 ],OO HAREIN P.K. 1968
CASTANEIJI'Í & A. F. PRESS
TRIBOLIW A.ÐULT 38.2 62.0 0.0 1.0 336 100 HAREIN p.K. 1968
CASTANEUM & A. F. PREss
TRIBOLIIJM T,ARVA 16.0 67.5 O.O 1.0 168 14 }IAREIN P.K. 1968
CASTANEIJM & A. F. PRESS
TRTBoLTW I,ARVA 16.0 67.s 0.0 1.0 336 88 HARETN p.K. 1968
CASTANEUM & A. F. PRESS
TRIBOLIIiM IARVA 38.2 62.0 O.O 1.0 T68 lOO HAREIN P.K, 1968
CASTANEIIM & A. F. PRESS
TRIBOLTW LARVA 38.2 62.0 0.0 1.0 336 100 HARE]N p.K. 1968
CASTANEIJI'Í & A.f .PRESS
TR]BOLII'M CON¡USIJM ADULT 27.6 9.0 O.O I,O 24 98 JAY E.G. L97I
TR]BOLTIIM CONFUSUM ADULT 27.6 33.3 O,O 1.0 24 96 JAY E.G. I97L
TRIBOLIT'M CONFUSUM ADULT 27.6 54.0 O.O ]..0 24 43 JAY E.G, L97L
TRTBOLIIJM CONFUSIJU ADULT 27.6 68.0 O,O 1.0 24 8 JAY E.G. L97!
TROGoDERMA ADULT 25.3 62.0 0,0 1.0 168 44 PRESS L967
GR.ANARIIJM

TRoGODERMA ADULT 25.3 62.0 0.0 1.0 168 65 PRESS L967
GRANARIUI{
AÌ,!EYoLI S ADTJLT 15.6 40.0 0.0 1.5 141 95 SODERSTOM 1986
TRANSITELI.A, ET. AL
AMEYOLIS ADULT 15.6 60.0 O.O I,5 2L3 95 SODERSTOM 1986
TRANSITEIJ.A ET.AL
AMEYoLïS ADULT 21.1 40.0 0.0 1.5 76 95 SODERSTOM 1986
TRANSTTELI,A ET. AL
AMEYOLIS ADULT 21.1 60.0 0.0 L.5 L26 95 SoDERSTOM 1986
TRANSITELT"A, ET. AL
A¡,tEYoLr S ADULT 26.7 40.0 0.0 1.5 57 95 SODERSTOM 1986
TRANSITELI4, ET.AL
Aì,ÍEYoLI S ADULT 26.7 60.0 0.0 1.5 90 95 SoDERSTOM 1986
TRANSITELI,A ET. AL
CRYPTOLESTES ADULT 2O.O 7O.O O.O 1.5 96 12 KRI SNAMURTHY 1986
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 2O,O 7O.O O,O L.5 L92 60 KRISNAMURTI{Y 1986
FERRUGTNEUS ET AL.
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ORYZAEPHILUS A-DULT 2O.O 7O.O O.O 1.5 96 15 KRT SNAMURTHY 1986
SURTNA.I'{ENS]S ET AL.
ORYZAEPHILUS ADULT 2O.O 7O.O O.O 1.,5 240 1OO KRISNA.I'ÍURTTTY 1986
SURINA},fENSÏS ET AL.
PLODIA ADULT 1s.6 60.0 0.0 L.5 170 95 SODERSToH 1986
INTERPUNCTELI.A ET. AL
PLODTA ADULT 15.7 40.0 0.0 l.s 163 95 SODERSTOM 1986
INTERPUNCTELLA ET. AL
PLoDTA A_DULT 21.1 60.0 0.0 1.s 88 95 SoDERSToM 1986
INTERPUNCTELI,A ET. AL
PLODIA ADULT 26,7 2L,L O,O 1.5 80 95 SODERSTOM 1986
INTERPIJNCTELI,A ET. AL
PLoDIA A_DULT 26.7 40.O 0.0 1.5 57 95 SoDERSTOM 1986
INTERPUNCTELLA ET. AL
PLODTA ADULT 26.7 60.0 0.0 1.5 60 95 SODERSîoM 1986
TNTERPIJNCTELI¡, ET. AL
SITOPH]LUS ADULT 2O.O 7O.O O.O 1.5 96 8 KRISNA¡ÍURTHY 1986
GRANARIUS ET AL.
SITOPHILUS A-DULT 2O.O 7O.O O.O T.5 I92 57 KRISNAMIJRTHY 1986
GRANARIUS ET AI.
TRIBOLIIJ}Í A-DULT 20. O 70. O O. O L,5 240 ]-OO KRI SNAI.fIJRTHY 1986
CASTANEUI'I ET AL.
TRIBOLII'M ADULT 2O.O 7O.O O.O 1.5 48 7 KRT SNAMURTI{Y ].986
CASTANEIJM ET AL.
TRIBOLII]M ADULT 27.0 38.0 O.O 2.0 96 lOO ALINTAZEE '1. L97L
CASTANEUM
TRTBOLIUM CONF'I'SI'M AÐULT 27.0 38.0 O.O 2.0 96 lOO ALINIAZEE T. L97L
TROGODERMA ADULT 25,3 62.0 O,O 2.0 48 10 PRESS 1967
GRANARIUM
TROGODERMA A-DULT 25,3 62,0 O,O 2.O 96 29 PRESS 1967
GRANARIU}4
TROGODERMA A-DuLT 25 ,3 62,0 O ,O 2.O 96 23 PRESS 1967
GRANARIIJI'Í
TROGoDERMA ADULT 25.3 62.0 0.0 2.0 L68 I PRESS 1967
GRANARIIJI'Í
TRoGoDERUA ADULT 25.3 62.0 0.0 2.0 48 I PRESS t967
GRANARIl]l,f
TRoGODERIíA ADULT 25.3 62.0 0.0 2.0 96 2 PRESS L967
GRÁNARIIJM
TROGODERMÀ ADULT 25.3 62.0 O.O 2.0 48 2 PRESS L967
CR¡NARIIJM
PLoDTA I"ARVA 27.L 64.0 0.0 2.5 336 100 HARETN p.K. l-968
INTERPIJNCTELI¡, & A. F. PRESS
PLODTA IARVA 27.L 64.0 0.0 2.5 1,68 100 HARETN p.K. 1968
INTERPUNCTELI,A & A. F. PRESS
TRIBOLII,H ADULT 27,L 64.0 O,O 2,5 168 IOO HARETN P,K, ].968
CASTANEUM & A. F. PRESS
TRTBoLIITM I"ARVA 27.7 64.0 0.O 2.s 336 100 HAREIN p.K. 1968
CASTANEIIM & A. F, PRESS
TRIBoLTUM LA,RVA 27.L 64.0 0.0 2.5 L68 97 HARETN p.K. 1968
CASTANEUM & A. F. PRESS
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S]TOPHILUS A.DULT 4,4 O.O O.O 3.4 72 ]. FREDRICK ET L97O
GRANARIUS AL.
SITOPHILUS ADULT 4.4 O.O O.O 3.4 168 32 FREDRICK ET Lg]O
GRANARIUS AL.
TROGODERMA A.DULT 4.4 O.O O.O 3.4 72 27 IREDRTCK ET L97O
GI.ABARI'M AL.
TROGODERI'ÍA A-DULT 4.4 O.O O,O 3.4 168 9 FREDRICK ET ]-97O
GI^ASARUM AL.
TROGODERMA IÁRVA 4,4 O.O O,O 3.4 72 3 FREDRTCK ET L97O
GI.ABARIJM AL.
TROGODERMA I.ARVA 4,4 O.O O.O 3.4 L68 17 FREDRICK ET L97O
GT,ABARIJM AL.
SITOPHILUS A-DULT 26.] O.O O,O 3.5 ].68 90 FREDRICK ET T97O
GRANARIUS AL.
TROGODERMA IARVA 26,7 O.O O.O 3.5 168 52 IREDRICK ET Lg]O
GLABART]M AL.pLoDrA TARVA 16.0 67.5 0.0 4.0 t-68 24 HARETN p.K. 1968
INTERPIJNCTELI"A, & A. F. PRESS
PLODIA IARVA 16.0 67.5 0.0 4.0 336 81 H.A,REIN p.K. 1968
INTERP1JNCTELLA & A. F, PRESSpLoDrA I.ARVA 38.2 62.0 O.0 4.0 336 100 HARETN p.K. 1968
INîERPI'NCTELLA & A. F. PRESSpLoDrA I"ARVA 38,2 62.0 0.0 4.0 336 100 ITARETN p.K. 1968
INTERPUNCTELI,A & A. F. PRESS
TRIBOLII'M AÐULT 16.0 67.5 O.O 4.0 ]-68 O HAREIN P,K. 1968
CASTANEIJ}{ & A. F. PRESS
TRIBOLIIIM ADULT 16.0 67.5 O.O 4.0 336 2 }IAREIN P.K. 1968
CASTANEI'M & A. F. PRESS
TRTBOL TM ADULT 38.2 62.0 0.0 4.0 168 100 ITARETN p.K. 1968
CASTANEUM & A. F, PRESS
ÎRIBOLIUM AÐULT 38.2 62,0 O.O 4.O 336 lOO HÁ,REIN P.K. L968
CASTANEiJM & A. F. PRESS
TRIBOLIW IARVA 16.0 67.5 O.O 4.0 336 ].6 HAREIN P.K. 1968
CASTANEIJì'f & A. F. PRESS
TRIBoLTUM LARVA 16.0 67.5 0.0 4.0 168 6 HARETN p.K. 1968
CASTANEIIM & A. F. PRESS
TRIBoLTUM I^ARVA 38.2 62.0 0.0 4.0 336 100 HARETN p.K. 1968
CASTANEIJM & A. F. PRESS
TRIBOLIIJM IARVA 38,2 62,0 O.O 4.0 168 lOO HAREIN P.K. 1968
CASTANEUM & A. F. PRESS
AIÍEYoLI S ADULT 15.6 60.0 0.0 5.0 242 95 SODERSToM 1986
TRÁNSTTELI.A, ET. AL
AMEYOLTS ADULT 21.1 60.0 0.0 5.0 166 95 SoDERSToM 1986
TRÁNSITELI,A ET. AL
A-Ì'ÍEYoLI S ADULT 21.1 60.0 0.0 5.0 166 95 SODERSToM 1986
TRANSITELLA ET. AL
AIIEYOLTS ADULT 26.7 40.0 0.0 5.0 68 95 SODERSToM 1986
TRANSITELI¿, ET. AL
AMEYOLTS A_DULT 26.7 40.0 0.0 5.0 68 95 SoDERSTOM 1986
TRANSITELLA ET.AL
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A-Ì'IEYOLI S ADULT 26.7 60.0 0.0 5.0 150 95 SODERSToM 1986
TRANSITELI^A ET. AL
PLODIA ADULT 15.6 40.0 0.0 5.0 319 95 SODERSToM 1986
INTERPUNCTELLA ET. AL
PLODTA ADULT 15.6 60.0 0.0 5.0 491 95 SODERSToH 1986

ET.ALÏNTERPUNCTELT¿,
pLoDIA ADULT 21.1 40.0 0.0 5.0 401 95 SODERSToM 1986
INTERPUNCTELI"A, ET. AL
PLoDIA A_DULT 21.1 60.0 0.0 5.0 166 95 SoDERSTOM 1986
INTERPIJNCTELIA ET. AL
PLODTA ADULT 26.7 40.0 0.0 5.0 128 95 SODERSTOM 1986
INTERPIJNCTELI.A ET. AL
PLODTA ADULT 26.7 60.0 0.0 5.0 290 95 SODERSToM 1986
INTERPUNCTELLA ET. AL
SITOPHILUS ADULT 37,8 O.O O.O 5.0 72 lOO FREDRICK ET 1970
GR.ANARIUS AL,
TROGODERMA AÐULT 37,8 O.O O.O 5.0 72 1OO FREDRICK ET L97O
GI^A.BARI'M AL.
PLODTA T ARVA 27.L 64.0 0.0 5.6 168 38 HAREIN p.K. 1968
INTERPIJNCTELI.A & A. F. PRESS
PLODIA LARVA 27.L 64,0 O,O 5.6 336 93 HAREIN P.K. 1968
INTERPUNCTELI.A & A. F. PRESS
ÎRIBOLIIJM ADULT 27.T 64.0 O.O 5.6 336 22 HAREIN P.K. 1968
CASTANEI'M & A. F, PRESS
TRIBOLIUM ADULT 27,L 64,0 O.O 5.6 168 O HAREIN P.K. 1968
CASTANEUM & A. F. PRESS
TRIBOLIIIM I.ARVA 27,L 64.0 O.O 5.6 168 2 HAREIN P.K, 1968
CASTANEUM & A. F. PRESS
TRIBOLII'M LARVA 27,L 64.0 O,O 5.6 336 22 HAREIN P.K. 1968
CASTANEUM & A. F. PRESS
PLoD]A LARVA 38.2 62.0 0.0 6.0 336 100 HARETN p.K. 1968
INTERPIJNCTELIA & A. F, PRESS
PLODTA TARVA 38.2 62.0 0.0 6.0 168 100 HARETN p.K. 1968
]NTERPIJNCTELI,A & A. F. PRESS
TRrBoLltM ADULT 38.2 62.0 0,0 6.0 168 100 HARETN p.K. 1968
CASTANEUM & A. F. PRESS
TRTBoLIUI.{ A_DULT 38.2 62.0 0.0 6.0 336 100 HARETN p.K. 1968
CASTANEIJI.f & A. F. PRESS
TRrBOLrrJr.f taRvA 38.2 62.0 0.0 6.0 336 100 HAREIN p.K. 1968
CASTANEIJM & A. T. PRESS
TRIBOLTW IARVA 38.2 62,0 O.O 6.0 168 lOO HAREIN P.K. 1968
CASTANEIn,Í & A. F. PRESS
PLoDTA IARVA 16.0 67.5 0.0 6.5 168 19 HÀREIN p.K. 1968
TNTERPIJNCTELI.A & A, F. PRESS
PLoDIA T ARVA 16.0 67.5 0.0 6.5 336 64 HAREIN p.K. 1968
INTERPIJNCTELI¿, & A. F, PRESS
TRIBOLIUM A-DULT 16,0 67.5 O.O 6.5 ]-68 O HAREIN P.K. T968
CASTANEIJI't & A. F. PRESS
TR]BOLIIIM ADULT ]-6.0 67.5 O.O 6.5 336 O HARETN P.K. 1968
CASTANEI'M & A. F, PRESS
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TRIBOLIUM IARVA ].6.0 67.5 O.O 6.5 336 12 HAREIN P.K. 1968
CASTANEUM & A. F. PRESS
TRIBOLIUM I¿RVA 16.0 67.5 O.O 6.5 ].68 2 HARETN P.K. 1968
CASTANEIJM & A. F. PRESS
TRIBOLIUM LARVA 27,L 64.0 O.O 1O.O 336 4 HAREIN P.K, 1968
CASTANEUM & A. F. PRESS
TRIBOLTIJ}{ I,ARVA 27,L 64,0 O.O IO.O 168 2 HAREIN P.K. 1968
CASTANEUM & A. F. PRESSpLoDrA r-ARVA 2l .L 64.0 0.0 lo.s 336 20 HARETN p.K. 1968
INTERPIJNCTELI,A & A. F. PRESS
PLoDTA taRVA 27.7 64.0 0.0 10.5 168 10 HARETN p.K. 1968
TNTERPIJNCTELI.A & A. F, PRESS
TRIBOLIUM A-DULT 27,L 64,0 O.O 10.5 168 O HAREIN P.K. 1968
CASTANEI,M & A. F, PREsspLoDrA tÁRvA 38.2 62.0 0.0 11.0 168 100 HARETN p.K. 1968
TNTERPUNCTELLA & A. F. PRESS
PLODTA I-ARVA 38.2 62.0 0.0 11 .0 336 100 HARETN p.K. 1968
INTERPIJNCTELI.A & A. F. PRESS
TRTBOLTUM ADULT 38.2 62.0 0.0 1t-.0 168 97 HARETN p.K. 1968
CASTANEUM & A. tr" PRESS
TRIBOLIUM ADULT 38.2 62,0 O.O ].I.0 336 1OO HARETN P.K. 1968
CASTANEUM & A. F. PRESS
TRTBOLIIJM I4RVA 38.2 62.0 O.O 1]..0 336 1OO IIAREIN P.K. L968
CASTANEIJM & A. F. PRESS
TRIBoLTU¡,f taRVA 38.2 62.0 0.0 tr.O l-68 44 HAREIN p.K. 1968
CASTANEIJM & A. F. PRESS
PLODIA LARVA L6.O 67.5 0.0 12.0 336 31 ÌrARErN p.K. 1968
INTERPUNCTELIA & A. F. PRESS
PLODIA raRvA 16.0 67.5 0.0 12.0 168 14 HAREIN p.K. 1968
INTERPI'NCTELIA & A. F. PRESS
TRIBOLIUM ADULT 16.0 67.5 O.O 12.0 ].68 1 }TAREIN P.K, 1968
CASTANEUM & A. F. PREss
TRIBOLTW ADULT T6.0 67.5 O.O 12.0 336 O HAREIN P.K. 1968
CASTANEUI'Í & A. F. PRESS
TRIBOLII'M LARVA L6.O 67,5 O,O 12.0 336 4 HAREIN P.K, 1968
CASTANEUM & A. F. PRESS
TRTBOLIUIÍ taRVA 76.0 67.5 0.0 12.0 168 4 HARETN p.K. 1968
CASTANEITM & A. F. PRESS
PLODTA LARVA 16.0 67.5 0.0 21.0 336 26 HAREIN p.K. 1968
INTERPIJNCTELIA & A. F. PRESS
PLODTA I3RVA L6.0 67.5 0.0 21.0 168 6 HARETN p.K. 1968
TNTERPIJNCTELL.A & A. F. PRESS
PLoDTA I^ARVA 27.L 64.0 0.0 21.0 336 I HARETN p.K. 1968
INTERPUNCTELIÁ, & A. F, PRESS
PLODTA LARVA 27.I 64.0 0.0 21.0 168 9 ITARETN p.K. 1968
INTERPUNCTELIA & A. F, PRESS
PLoDTA rÁRVA 38.2 62.0 0.0 21.0 336 1,00 HAREIN p.K. 1968
INTERPUNCTELI¿, & A. F. PRESS
PLoD]A LARVA 38.2 62.0 0.0 21.0 168 99 HARETN p.K. 1968
INTERPUNCTELIA & A. F. PRESS
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TRIBOLIIiM ADULT L5,6 67,5 O.O 21.0 168 O P,K.HARETN & 1968
CASTANEIIM A. F. PRESS
TRIBOLIW A¡ULT 16.0 67.5 O.O 21.0 336 1 HAREIN P.K. 1968
CASTANEUM & A. F. PRESS
TRIBOLIIJM A-DULT 27.L 64,0 O.O 21.0 336 I HAREIN P.K. 1968
CASTANEU}Í & A. F. PRESS
TRIBOLTUM A-DULT 27.I 64,0 O.O 2I.O 168 O HAREÍN P.K. 1968
CASTANEUM & A. F, PRESS
TRTBOLIUM ADULT 38.2 62.0 0.0 21.0 168 5 P.K.HAREIN & 1968
CASTANET,M A. F- PREss
TRIBOLIIJM ADULT 38,2 62.0 O.O 2T.O 336 99 P.K.HAREIN & 1968
oASTANEUM A. F. PREss
TRIBOLIIJM I^ARVA 16.0 67.5 O.O 2]-.0 336 7 HAREIN P.K. 1968
CASTANEW & A. !'. PRESS
TRTBOLIW rsRVA L6.O 67.5 0.0 2t-.0 168 4 HAREIN p.K. t-968
CASTANEUM & A. F. PRESS
TRTBoLIW TARVA 27.I 64.0 0.0 21.0 336 L HAREIN p.K. 1968
CASTANEUM & A. F. PRESS
TRIBOLIUM IÁRVA 27,L 64.0 O.O 21.0 ].68 O H¡,REIN P.K. 1968
CASTANEIJM & A. F. pREss
TRTBoLflJM I"ARVA 38.2 62.0 0.0 21.0 336 50 HARETN p.K. 1968
CASTANEUM & A. F. PRESS
TRIBOLTUM I,ARVA 38.2 62.0 O.O 21.0 ].68 5 }IAREIN P.K. 1968
CASTANEUM & A, F. PRESS
FRANRLINIELIA ADULT 25,0 O.O 1.0 1.0 48 94 YAIR AKARONT 1981
oCCIDENTALI ET. AL
RHYZOPERT}IA EGG 26,0 57.0 5.0 2,0 96 90 CALDERON & 1980
DoMINÌcA NAVARRo
TRIBOLTW Ecc 26.0 57.0 5.0 2.0 96 L00 CALDERON & 1980
CASTANEIIH NAVARRo
Rr{YZoPERTHA EGc 26.0 57.0 7.5 4.0 96 85 CALDERON & t98o
DOMINICA NAVARRO
STTOPHILUS ORYZAE EGG 2I.O 57.0 9.2 L.O L62 95 STOREY C.L. 1980
AMEyOLTS AÐULT 27.0 52.5 9.5 1.0 L7 98 STOREy C.L. i9S0
TRANSITEI,I.A
A¡,fEYoLIS Ecc 27.0 52.5 9.5 1.0 28 98 sToREy c.L. 1980
TRANS T TELLA
AI'IEYOLTS LARVA 27.0 52.5 9.5 1.0 27 98 STOREY C.L. 1980
TRANSITELI.A
AMEYoLI S pupA 27.0 52.5 9.5 1.0 38 98 sToREy c.L. 1980
TRANS I TELI"A
oALLOSOBRUCHUS EGC 27.O 52.5 9.5 1.0 96 98 STOREy C.L. 1980
MACULTAUSE
GALLOSOBRUCHUS raRVA 27.0 52.5 9.5 L.0 L92 98 STOREY C.L. 1980
MACULTUS
CALLOSOBRUCHUS pUpA 27.0 52.5 9.5 t.O L92 98 STOREY C.L. 1980
MACULTUS
CALLoSOBRUCHUS ADULT 27.0 50.0 9.5 1.0 48 100 sToREy c.L. L978
MACULUTUS
cALLOSoBRUCHUS Ecc 27.0 50.0 9.5 1.0 96 100 sToREy c.L. 1978
MACULUTUS
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CALLoSOBRUCHUS I-ARVA 27.0 50.0 9.5 1.0 120 100 STOREY C.L. L978
MACULUTUS
CALLoSoBRUCHUS PUPA 27.0 50.0 9.5 7.0 L92 100 STOREY C.L. L978
MACULUTUS
CALOSOBRUCHUS ADULT 27.0 52.5 9.5 1.0 48 98 sroREy c_L. 1980
MACULTUS
EPHESTIA CAUTELLA ADULT 27,O 52.5 9.5 1.0 8 98 STOREY C.L. 1980
EPHESTIA CAUTELI.A ECG 27.0 52,5 9,5 1.0 48 98 STOREY C.L. 1980
EPHESTIA CAUTELTA I"ARVA 27.0 52.5 9.5 1.0 8 98 sToREy c.L. 1980
EPHESTIA CAUTELI}, PUPA 27,0 52,5 9,5 I.O 24 98 STOREY C.L, 1980
oRyzAEpHrLUS ADULT 15.0 57.0 9.5 1.0 47 95 SToREy C.L. t-980
SURINAMENS]S
ORYZAEPHILUS ADULT 2L.O 57,0 9,5 1.0 18 95 STOREY C,L. 1980
SURINAMENSlS
oRYZAEPHTLUS ADULT 27.O 57.0 9.5 1.0 11 95 SToREY C.L. 1980
SURINAMENSIS
oRYZAEPHILUS AÐULT 32.0 57.0 9.5 1.0 4 95 SToREy C.L. 1980
SI'RINAMENSIS
PLoDTA A_DULT 27.0 52.5 9.5 1.0 8 98 sToREy c.L. 1980
INTERPlJNCTELI^A'
PLoDTA Ecc 27.0 52.5 9.5 1.0 24 98 sToREy c.L. 1980
INTERPUNCTELI,A
PLODTA LARVA 27.0 52.5 9.5 1.0 I 98 STOREY C.L. 1980
INTERPI]NCTELLA
PLODTA pUpA 27.0 52.5 9.s 1.0 24 98 STOREY C.L. 1980
TNTERPIJNCTELLA
RHYZOPERTHA A-DULT 15.0 57.0 9.5 1.0 175 95 STOREY C.L. 1980
DOMINlCA
RIIYZoPERTHA ADULT 2L.0 57.0 9.5 1.0 79 95 STOREy C.L. 1980
DOMINICA
RIIYZoPERT}rA ADULT 27.0 57.0 9.5 1.0 31 95 STOREY C.L. 1980
DOHINÏCA
RHYZOPERTHA ADULT 32.0 57.0 9,5 1.0 L7 95 STOREY C.L. 1980
DOMINICA
RTTYZoPERTHA Ecc 27.O 52.5 9.5 1.0 72 98 SToREY C.L. 1980
DOMINICA
RI{YZoPERÎHA Ij'RVA 27.0 52.5 9.5 L0 L92 98 STOREY C.L. 1980
DOMINICA
RIIYZOPERTHA PUPA 27,O 52.5 9.5 I.O 2L6 98 STOREY C.L. 1980
DOMINTCA
STToPHILUS ADULT 15.0 57.0 9.5 1.0 228 95 STOREY C.L. 1980
GRÁNARI S

SITOPHTLUS ADULT 2I.0 57.0 9.5 1.0 145 95 SToREY C.L. 1980
GRANART S

STToPHTLUS ADULT 27.0 57.0 9.5 1.0 55 95 STOREY C.L. 1980
GRANARIS
STToPHILUS ADITLT 32.0 57.0 9.5 1.0 20 95 STOREY C.L. 1980
GRANARI S

STToPHTLUS ECc 27.0 52.5 9.5 1.0 85 98 STOREY C.L. 1980
GRÀNARIUS
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SITOPH]LUS
GRANARIUS
SITOPHILUS
GRANARIUS
SITOPHILUS ORYZAE ADULT
SITOPHILUS ORYZAE ADULT
SIÎOPHILUS ORYZAE ADULT
SITOPHILUS ORYZAE A¡ULT
STTOPHILUS ORYZAE EGG

SITOPHI],US ORYZAE LARVA
SITOPHILUS ORYZAE I^ARVA
S]TOPHILUS ORYZAE PUPA
SITOPH]LUS ORYZAE PUPA
SITOTROGA ADULT
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YEAR

I¿RVA

PUPA

CEREALELI.A
SITOTROGA
CEREALELLA
SITOTROGA
CEREALELI^A
SITOTROGA
CREEALLEA
TRTBOLllj}f
CASTANEI.IM

TRIBOLII,IM
CASTANEln,I
TRIBOL]UM
CASTANEUM
TRTBOLIlJM
CASTANEUH
TRIBOLIUM
CASTANEI]M
TRIBOLII'M
CASTANEI,M
TRIBOLIIJH
CASTANEtJl{
TRIBOLTW CONFIJSI'M EGG

TRIBOLII]M CONFIJSIJM I.ARVA
îRIBOLIUM CONF'I'SU¡I PUPA

27 .0 s2.5 9 .5

27 .0 52.5 9 .5

15.0 57.0 9.5
2L.0 57 .0 9.s
27 .0 57 .0 9.5
32.0 57 .O 9 .5
27 .O 52.5 9.5
2L.0 57.0 9.s
27 .0 52 .5 9.5
2L.0 57 .0 9.5
27 .0 s2.5 9 .5
27 .0 52.5 9 .5

27 .O 52.5 9.s

27 .O s2.5 9.5

27.O 52 .5 9.5

ls .0 57 .0 9.5

2L.O 57 .0 9.5

2t .0 57 .0 9.s

32.0 57 ,0 9.5

27 .O 52 .5 9.5

27 .0 52 .5 9.5

27 .0 52.5 9 .5

27 .O 52.5 9.5
27 .O 52.5 9 .5
27 .0 52 .5 9.5
20.0 70.0 10

20.0 70 .0 t-0

20.0 70.0 10

20.0 70.0 10

27 .0 60 .0 10

27.0 s0 .0 10
27 .0 50.0 10

GRANARIUS
TRTBOLII]I'Í ADULT
CASTANEUM
A}IEYOLIS IARVA
TRANS I TELI¡,
CA.DRA CAUTELT¿, A¡ULT
CADRA CAUTELI¿, EGC

1.0 137 98 SToREY C.L. 1980

1.0 148 98 SToREY C.L. 1980

L.0 297 95 SToREY C.L. 1980
1.0 200 95 SToREY C.L. 1980
1.0 48 95 STOREY C.L. 1980
1.0 L9 95 SToREY C.L. 1980
1.0 70 98 SToREY C.L. 1980
L.0 562 95 STOREY c.L. 1980
LO 246 98 SToREY C. L. 1-980
1.0 653 9s SToREY C.L. 1980
L.O 24L 98 STOREY C.L. 1980
1.0 24 98 STOREY C.L. 1980

1.0 120 98 SToREY C.L. 1980

1.0 120 98 SToREY C.L. 1980

1.0 48 98 STOREY C.L. 1980

1.0 67 95 STOREY C.L. 1980

1.0 32 95 STOREY C.L. 1980

1.0 L7 95 STOREY C.L. 1980

1.0 8 95 STOREY C.L. 1980

1.0 40 98 SToREY C.L. 1980

1.0 23 98 SToREY C.L. 1980

1.0 47 97 SToREY C.L. 1980

1.0 40 975 STOREY C.L. 1980
1.0 20 98 SToREY C.L. L980
1.0 53 98 SToREY C.L. 1980
0.5 144 100 KRI SNA.ì,ÍIJRTHY 1986

ET AL.
0.5 72 ].OO KRTSNAMURÎHY 1986

ET AL.
0.5 192 1OO KRI SNAMURTHY 1986

ET AL.
0.5 48 1OO KRISNAMURTI{Y 1986

ET AL.
1.0 88 95 BRANDL ET.AL 1983

1.0 8100 SToREY C,L. L975
1.0 48 100 SToREY C.L. 1975

I,ARVA

PUPA

EGC

ADULT

ADULT

ADULT

ADULT

EGG

LARVA

PUPA

CRYPTOLESTES
FERRUGINEUS
ORYZAEPHILUS
SIJRTNAMENSlS
SITOPHILUS

ADULT

ADULT

ADULT
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CADRA CAUTELI.A LARVA 27,O 5O,O 10 1.0 8 1OO STOREY C.L. 1975
CADRA CAUTELI.A, PUPA 27,0 5O.O 10 I.O 24 lOO STOREY C.L. 1975
CRYPTOLESTES A-DULT 2O,O 7O,O 10 L,O L44 lOO KRI SNAMI'RTHY 1986
FERRUGINEUS ET AL.
oRYZAEPHILUS ADULT 15.0 50.0 t0 1.0 47 96 STOREY C.L. 1975
SI'RINAMENSIS
oRYZAEPHILUS A_DULT 21.0 50.0 10 1.0 L8 95 SToREY C.L. L975
SIJRTNAI,IENSIS
ORYZAEPHILUS ADULT 27.O 5O.O 10 1.0 11 95 STOREY C.L. L975
SURINAì,f ENSlS
ORYZAEPHILUS ADULT 32.0 5O.O 10 I.O 4 95 STOREY C,L- 1915
SURINAMENSIS
pLoDrA A_DULT 27.0 50.0 10 1.0 8 t-00 sToREy c.L. 7975
TNTERPI'NCTELIA
PLODTA Ecc 27.0 50.0 10 1.0 24 96 SToREY C.L. L975
TNTERPUNCTELI¡'
pLoDrA I"ARVA 27.0 50.0 10 1.0 8100 sToREy c.L. 1975
INTERPIJNCTELI-A
PLODTA pUpA 27.0 50.0 t0 1.0 24 100 sToREy c.L. 1,975
INTERPI'NCTELI,A
RHYZOPERTHA ADULT 15.0 5O.O 10 ]..0 ].75 96 STOREY C.L. L975
DOI'IINTCA
RHYZoPERT}TA ADULT 21.0 50.0 L0 1.0 80 95 SToREy C.L. 1975
DOMINICA
RtfYzoPERlHA ADULT 27.0 50.O 10 1.0 31 95 STOREY C.L. L975
DOMINTCA
RITYZOPERTHA ADULT 32.0 5O.O IO 1.0 L7 95 STOREY C.L. 7975
DOMTNICA
STToPHTLUS A_DULT 27.0 53.0 t0 1.0 55 98 STOREY C.L. 1980
GRANARI S

SITOPHTLUS Ecc 27.O 53.0 10 1.0 85 98 STOREY C.L. 1980
GRANART S

SIToPHILUS IARVA 27.0 53.0 10 1-.0 138 98 sToREy c.L. 1980
GRANAR] S

srToPHrtus pupA 27.0 53.0 10 1.0 148 98 sToREy c.L. 1980
GRANARI S

SITOPHILUS ADULT 15,0 5O.O 10 T,O 228 96 STOREY C.L. L975
GRANARIUS
SITOPHILUS ADULT 2O.O 7O.O 10 1.0 144 1OO KRISNAMIJRT}TY 1986
GRANARIUS ET AI..
STToPHTLUS ADULT 21.0 50.0 10 1.0 145 95 STOREY C.L. 1975
GRANARIUS
SIToPHILUS ADULT 27.0 50.0 t0 1.0 55 95 SToREY C.L. L975
GRANARIUS
SIToPHTLUS ADULT 27.0 52.s 10 1.0 56 95 SToREY C.L. 7975
GRANARIUS
STToPHILUS ADULT 32.0 50.0 10 1.0 20 95 SToREY C.L. L975
GRANARIUS
SITOPHTLUS Ecc 28.0 52.5 10 1.0 86 95 STOREY C.L. L975
GRANARIUS
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SITOPHlLUS
GRANARIUS
SlTOPHILUS
CRANARIUS
SITOPHILUS ORYZAE
SITOPHILUS ORYZAE
SITOPHILUS ORYZAE
SITOPHILUS ORYZAE
SITOPHILUS ORYZAE
SITOPHILUS ORYZAE
SITOPHTLUS ORYZAE
SITOPHILUS ORYZAE
SITOPHILUS ORYZAE
STTOPHILUS ORYZAE
SITOPHILUS ORYZAE
SITOPHILUS ORYZAE
SITOPHILUS ORYZAE
SITOPH]LUS ORYZAE
SITOPHILUS ORYZAE
SIÎOPHILUS ORYZAE
SITOPHILUS ORYZAE
STTOPHILUS ORYZAE
SITOPHILUS ORYZAE
S]TOPHILUS ORYZAE
SITOPHTTUS ORYZAE
SITOPHILUS ORYZAE
SITOPHILUS ORYZAE
SITOPHILUS ORYZAE
SITOTROGA
CEREATELIA
SITOTROGA
CEREATELI4,
SITOTROGA
CEREATELI,A
TRIBOLIUI.f
CASTANEI]I'Í
TRIBOLIIJl'f
CASTANEI]M
TRTBOLIlJ},f
CASTANEUM
TRTBOLII]M
CASTANEUM
TRIBOLTUM
CASTANEIJI{
lRIBOLIlJM
CASTANEUM
TRIBOLIUH
CASTANEIJM
TRIBOLIUM
CASTANEUM

28.0 52 .5 10

27.0 52 .5 10

15.0 50.0 10
21.0 50.0 10
22.0 52.s 10
22.0 52 .5 10
27 .0 50.0 L0
27.0 52 .5 t0
27.0 s2.s 10
27 .0 53.0 10
32.0 50.0 10
22.0 s2 .5 l-0
22.0 52.5 t0
27.0 52 .5 10
27.O 52 .5 10
27 .0 53.0 10
22.0 52 .5 10
22.0 52 .5 10
27.0 s2 .5 10
27.0 52.5 10
27 .0 53.O 10
22.0 52 .5 t0
22,0 52 .5 L0
27 .0 52 .5 10
27.0 52,5 l0
27 .0 53.0 10
27.0 s0.0 10

27.0 50.0 10

27.0 50.0 t0

15 .0 50.0 l0

18 .0 50.0 10

20.0 70.0 t_0

20.0 70.0 10

2r..0 50.0 10

27,0 50.0 10

27.0 s0.0 10

27.O 50.O 10

LARVA

PUPA

ADULT
ADULT
ADULT
AÐULT
ADULT
ADULT
ADULT
ADULT
ADULT
EGG

EGG

EGG

EGG

EGG

IARVA
LARVA
I,ARVA
I.ARVA
IARVA
PUPA
PUPA
PUPA
PUPA
PUPA
EGG

LARVA

PUPA

A.DULT

A.DULT

ADULT

ADULT

AÐULT

ADULT

ADULT

ADULT

1.0 137 95 STOREY C.L. L975

1".0 156 95 STOREY C.L. L975

1.0 297 96 SToREY C.L. L975
1.0 200 9s SToREY C.L. L975
1.0 140 50 SToREY C.L. 1,975
1.0 200 95 SToREY C.L. L975
1.0 48 95 STOREY C.L. L975
1-.0 30 50 SToREY C.L. 1975
1.0 48 95 STOREY C.L. 1975
L.0 48 98 SToREY C.L. 1980
1.0 79 95 SToREY C.L. L975
L.0 L62 95 STOREY C.L. L975
1.0 102 50 STOREY C.L. L975
1.0 70 95 STOREY C.L. L975
1.0 2 50 STOREY C.L. L975
1.0 70 98 STOREY C.L. 1980
1.0 328 50 SToREY C.L. L97s
L.0 562 95 STOREY C.L. L975
L.0 247 95 STOREY C.L. t975
1.0 167 50 STOREY C.L. 1975
L.0 246 98 SToREY C.L. 1980
1.0 390 95 STOREY C.L. t975
1.0 653 95 STOREY C.L. L975
1.0 167 50 STOREY C.L. L975
L.0 245 95 STOREY C.L. L975
L.0 24L 98 SToREY C.L. 1980
1.0 48 100 SToREY C.L. 1975

1.0 120 100 SToREY C.L. 1975

1.0 120 100 SToREY C.L. 1975

1.0 67 96 SToREY C.L. L975

1.0 39 95 SToREY C.L. L977

L,O I44 1OO KRISNAMURT¡IY 1986
ET AL.

1.0 96 100 KRTSNAMURTT{Y 1986
ET AL.

1.0 32 95 SToREY C.L. L975

1.0 17 95 SToREY C.L. L975

1.0 t4 95 STOREY C.L. L977

1.0 L4 95 SToREY C.L. L977
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TRIBOLIITM A-DULI 32.0 5O.O 10 1.0 8 95 STOREY C.L. L975
CASTANETJM

TRrBoLlttH EcC 18.0 50.0 10 1.0 55 95 STOREY C.L. t977
CASTANEIJM
TRrBoLllJr't EGc 27.0 50.0 1-0 1.0 22 95 SToREY C.L. 1977
CASTANEIDÍ
TRIBOLIUM LARVA I8.O 5O.O 10 1,0 50 95 STOREY C.L. 1977
CASTANEUM
lRIBoLllJM IARVA 27.0 50.0 t0 1.0 t5 95 STOREY C.L. t977
CASTANEI]M
TRTBOLTW pUpA 27.0 50.0 10 1.0 46 95 STOREY C.L. L977
CASTANEIJM
TRTBOLIIJM CONT'USUM ADULT 18.0 5O.O 10 1.0 38 95 STOREY C.L. 7977
TRTBOLIIJM CONFIJSUM A-DULT 27.0 5O.O 10 1.0 L2 95 STOREY C.L. T977
TRIBoLIUT'f CoNFTJSTTM Ecc 18.0 50.0 10 1.0 200 95 STOREY C.L. L977
TRIBoLIUT'! CoNFTJSTJT'Í EGc 27 .0 50.0 10 1 .0 31 95 STOREY C. L. L977
TRTBOLIUIÍ CONTUSUM r-ARVA 18.0 50.0 10 1.0 4L 95 STOREY C.L. L977
TRIBOLÌITM CON¡USUM LARVA 27.0 50.0 10 1.0 15 95 STOREY C.L. 7977
TRIBOLII'M CON¡USUM PUPA 27,0 5O.O 10 1.0 53 95 STOREY C.L. L977
CRYPTOLESTES AÐULT 2O.O 7O.O 10 L,2 72 50 KRISNAMURTHY 1986
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 7O.O 10 L.2 L68 1OO KRT SNAI'ÍURTHY 1986
FERRUGINEUS ET AL.
ORYZAEPHILUS A¡ULT 2O.O 7O.O 10 L.2 72 83 KRISNAMURT}ÍY 1986
SURINAMENSIS ET AL.
ORYZAEPHILUS AÐULT 2O.O 7O.O 10 L.2 I2O 99 KRI SNAMURTHY ].986
SURTNA.IIENSIS ET AL.
STTOPHILUS A-DULT 2O.O 7O.O 10 L,2 L44 1OO KRISNAMIJRTHY 1986
GRANARIUS ET AL,
SITOPHILUS A-DULT 2O.O 7O.O 10 L.2 96 57 KRI SNAMURTIÌY 1986
GRANARIUS ET AL,
TRIBOLIUM ADULT 2O.O 7O.O ].0 L.2 48 40 KRISNAMT'RTHY ].986
CASTANEiJM EÎ AL.
TRTBOLIIJM ADULT 2O,O 7O.O IO L.2 96 1OO KRISNAMURTITY 1986
CASTANEIJÌI1 ET AL.
CRYPTOLESTES AÐULT 2O.O 7O.O IO 1.5 168 1OO KRI SNAMIJRTTTY ].986
FERRUGINEUS ET AL,
CRYPTOLESTES AÐULT 2O.O 7O.O IO 1.5 96 80 KRI SNAì,ÍI'RTI{Y 1986
FERRUGTNEUS ET AL,
ORYZAEPHILUS ADULT 2O.O 7O.O 10 1.5 48 44 KRI SNAMURTHY 1986
SURINAI'ÍENS I S ET AL.
ORYZAEPHILUS AÐULT 2O.O 7O.O ]-O 1.5 96 98 KRT SNAMIJRT¡TY ].986
SI'RINAI,IENSIS ET AI-.
SITOPHILUS ADULT 2O,O 7O.O 10 L.5 ].44 1OO KRI SNAI{IJRT}TY 1986
CRÁNARIUS ET AL.
SITOPHILUS A-DULT 2O.O 7O.O 10 ]..5 96 86 KRISNAMURTHY 1986
GRANARIUS ET AL.
TRIBOLTW ADULT 2O.O 7O.O ].0 1.5 48 7 KRISNAIÍIJRTTTY 1986
CASTANEI]M ET AL.
TRIBOLIUM ADULT 2O,O 7O.O IO 1.5 96 1OO KRISNAI,ÍIJRTHY 1986
CASTANEUM ET AL.
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CRYPTOLESTES ADULT 2O.O 7O.O 10 2.0 48 O KRI SNAMURTHY 1986
FERRUCINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 7O.O 10 2.O L92 16 KRI SNAI,IURT}I{ 1986
FERRUGINEUS ET AL.
CRYPTOLESTES A¡ULT 2O.O 7O.O LO 2.0 288 50 KRT SNAMURT}IY 1986
FERRUGINEUS ET AL.
CRYPTOLESTES A¡ULT 2O.O 7O.O 10 2.0 I44 IO KRI SNAMURTIÌY 1986
FERRUGINEUS ET AL.
ORYZAEPHILUS ADULT 2O.O 7O.O 10 2,0 96 46 KRI SNA}ÍI]RTIÍY 1.986
SURTNAMENSIS ET AL,
ORYZAEPHILUS A-DULT 2O,O 7O,O IO 2.0 264 lOO KRI SNAMI'RTHY 1986
SURINAMENSIS ET AL.
ORYZAEPHILUS A-DULT 2O.O 7O.O 10 2.0 I92 83 KRI SNAMURTITY 1986
SIJRINAMENSTS ET AL.
ORYZAEPHILUS ADULT 2O.O 7O.O 10 2.0 48 3 KRISNAMURTHY 1986
SI'RINA.I,ÍENS I S ET AL.
RI{YZOPERTHA ADULT 26,0 57.0 10 2,0 96 1OO CALDERON & I98O
DOMINICA NAVARRO
SITOPHILUS ADULT 2O.O 7O.O 10 2.0 96 13 KRI SNAMURTITY 1986
CR.ANARIUS ET AL,
SITOPH]LUS ADULT 2O.O 7O.O IO 2.0 L92 49 KRISNAI,ÍURTHY 1986
GRANARIUS ET AL.
SITOPHILUS ADULT 2O,O 7O.O 10 2.0 I44 26 KRI SNA}fI'RT}TY 1986
GRANARIUS ET AL,
STToPHTLUS ADULT 20.0 70.0 t0 2.0 240 96 KRISNA.ùÍIJRTHY 1986
GRANARIUS EÎ AL.
TRIBOLIW ADULT 2O.O 7O.O 10 2.O 48 40 KRI SNAI{URTITY 1986
CASTANETJI'I ET AL.
TRIBOLII'M ADULT 2O.O 7O,O 10 2.0 L92 98 KRISNAI,ÍI'RT}IY 1986
CASTANEUM ET AL.
TRIBOLIW ADULT 2O.O 7O.O 10 2.0 264 lOO KRI SNAMURTI{Y ].986
CASTANEUM ET AL.
TRIBOLIUM ADULT 2O,O 7O.O 10 2.0 96 87 KRISNA.I'ÍURTHY 1986
CASTANEUM ET AL.
CRYPTOLESTES ADULT 2O.O 7O.O IO 2.3 T92 68 KRISNAI.ÍURT¡IY ].986
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 2O.O 7O,O 10 2,3 72 O KRI SNAMI'RTHY 1986
FERRUGINEUS ET AL.
ORYZAEPHILUS ADI'LT 2O,O 7O.O 10 2.3 72 TO KRI SNA$URTTIY ].986
SURINAMENSIS ET AL.
ORYZAEPHILUS ADULT 2O.O 7O,O 10 2.3 216 lOO KRTSNAMI'RTT{Y 1986
SI'RINAI'IENSIS ET AL,
SITOPHTLUS ADULT 2O.O 7O.O 10 2,3 2L6 77 KRI SNA.MI'RTHY 1986
GRÁNARIUS ET AL.
SITOPHTLUS ADULT 2O.O 7O.O 10 2.3 1.20 26 KRT SNAMURTI{Y ].986
GRANARIUS ET AL,
TRIBOLIIJM ADULT 2O.O 7O.O 10 2.3 72 36 KRISNAMURTHY ].986
CASTANEIJI'I ET AL.
TRIBOLTI'},I ADULT 2O.O 7O.O 10 2,3 L44 1OO KRISNAMIJRTHY 1986
CASTANEUM ET AL,
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TRIBOLIIJM ECc 26.0 57,0 10 6.0 96 100 CALDERoN & 1980
CASTANEIJU NAVARRO
AMEYOLIS I.ARVA 27,O 60,0 11. O.O 57 1OO BRANDL ET.AL 1983
TRANSlTELI.A
Ar,fEYoLlS IÁRVA 27.0 60.0 11 0.3 57 95 BRANDL ET.AL 1983
TRANSITELI.A
TRIBOLIIJM A-DULT 26.0 57.O L2 2.0 96 98 CALDERON 1980
CASTANEUM &NAVARRO
CRYPTOLESTES AÐULT 2O.O 7O.O 15 0.5 96 99 KRISNAMURTHY 1986
FERRUGINEUS ET AL.
ORYZAEPHILUS A-DULT 2O,O 7O.O 15 0.5 48 99 KRISNAMI'RTI{Y 1986
SURINA.I'{ENSIS ET AL,
SITOPHILUS ADULT 2O.O 7O.O 15 0,5 L92 ].OO KRI SNAMIJRTHY 1986
GRANAR]US ET AL.
TRTBOLIUM A-DULT 2O,O ]O.O 15 0.5 48 lOO KRI SNAI'ÍURTI{Y 1986
CASTANEU}{ ET AL.
CRYPTOLESTES ADULT 2O.O 7O.O 1.5 1.0 96 ].OO KRT SNAMURTITY 1986
FERRUGINEUS ET AL.
ORYZAEPHILUS ADULT 2O.O 7O.O ]-5 1.0 96 1OO KRT SNAMURTHY ].986

ET AL.SURINAI'IENSIS
SITOPHILUS ADULT 2O.O 7O.O 15 I.O L44 lOO KRISNAMURTI{Y 1986
GRANARIUS ET AL,
TRIBOLIIJM ADULT 2O.O 7O,O 15 1.0 72 lOO KRI SNAMURTHY 1986
CASTANEIIM ET AL.
CRYPTOLESTES ADULT 2O.O 7O.O ].5 L,2 96 75 KRISNAMIJRTHY 1986
FERRUGINEUS ET AL,
CRYPTOLESTES AÐULT 2O.O 7O.O 15 L.2 1.44 98 KRISNAI,{IJRTI{Y 1986
FERRUGINEUS ET AL.
ORYZAEPHILUS ADULT 2O.O 7O.O 15 L,2 96 1OO KRISNAMURTHY ].986
SI'RINAMENSIS ET AL.
ORYZAEPHILUS ADULT 2O.O 7O.O 15 L.2 48 23 KRI SNA.ì{IJRTTTY 1986
SIiRINA},Í ENSIS ET AL.
SITOPHILUS ADULÎ 20.0 70.0 15 L.2 t44 100 KRrSNAtfURTrry 1986
GRANARIUS ET AL.
SITOPHILUS ADULT 2O.O 7O,O 15 L.2 96 85 KRT SNAI'ÍURTI{Y 1986
GRANARIUS ET AL.
TRÏBOLII'M ADULT 2O.O 7O.O 15 I,2 48 50 KRISNAMURTI{Y 1986
CASTANEIJM ET AL,
TRTBOLIUM ADULT 2O,O 7O.O 15 L,2 96 1OO KRT SNAMURI}ÌY 1986
CASTANEIJM ET AL.
CRYPTOLESTES ADULT 2O.O 7O.O 15 1.5 96 87 KRI SNAI'ÍIJRTHY 1986
FERRUGINEUS ET AL.
CRYPTOLESTES ADLLT 20.0 70.0 ls 1.5 168 100 KRISNAIÍURTTTY L986
FERRUCTNEUS ET AL.
ORYZAEPHILUS AÐULT 2O.O 7O,O 15 1.5 120 lOO KRT SNAì,fIJRT}IY 1986
SI'RINAI'ÍENSIS ET AL.
SITOPHILUS ADULT 2O.O 7O.O 15 I.5 L44 1OO KRI SNAI,ÍURTITY 1986
GRANARIUS ET AL.
SITOPHILUS AÐULT 2O,O 7O.O ].5 1.5 72 56 KRI SNA}IURTTTY 1986
GRANARIUS ET AL.
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TRIBOLIUM A-DULT 2O.O 7O.O 15 1.5 72 ].OO KRI S NAMURT}TY 1986
CASTANEUM ET AL.
CRYPTOLESTES ADULT 2O.O 7O.O ].5 2.0 288 97 KRISNAI'ÍIJRTHY 1986
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 2O.O 7O.O ].5 2,0 L44 66 KRI SNAMI,RTTTY 1986
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 7O.O 15 2,0 L92 79 KRISNAI4IJRT}TY 1986
FERRUG]NEUS ET AL.
ORYZAEPHTLUS ADULT 2O.O 7O.O 1.5 2.0 I44 lOO KRISNAMURTI{Y 1986
SURINAMENSIS ET AL.
ORYZAEPHILUS ADULT 2O.O 7O.O 15 2.0 48 28 KRISNAMIJRTHY 1986
STJRINAMENSIS ET AL.
ORYZAEPHILUS A-DULT 2O.O 7O.O 15 2,O 96 86 KRISNA.¡fI'RTTIY 1986
SURINAMENSTS ET AL.
SÏTOPHILUS A-DULT 2O.O 7O.O 15 2,O L44 89 KRISNAI,IURTTIY 1986
GRANARIUS ET AL.
SITOPHILUS ADULT 2O.O 7O.O 15 2,0 L92 92 KRI SNAI'ÍURTHY 1986
GRANARIUS ET AL.
STToPHTLUS ADULT 20.0 70.0 15 2.0 240 1-00 KRT SNAI'lURTrry 1986
GRANARIUS ET AL.
TRIBOLII'M ADULT 2O.O 7O.O 15 2,0 96 92 KRISNA¡,ÍURTHY 1986
CASTANEIJM ET AL.
TR]BOLIIJM AÐULT 2O.O 7O.O ].5 2.0 48 40 KRISNAMURTHY 1986
CASTANEUM ET AL.
TRIBOLIW ADULT 2O.O 7O.O 15 2.0 L44 lOO KRISNAMURTI{Y 1986
CASTANEIIM ET AL.
RHYZOPERTHA A-DULT 26.0 57,0 15 4,0 96 65 CALDERON & 1980
DOMINICA NAVARRO
RTIYZOPERTHA EGG 26,0 57.O 15 6.0 96 70 CALDERON E 1980
DOM]NICA NAVARRO
CRYPTOLESTES ADULT 2O.O 7O.O 20 0.5 96 1OO KRISNA.IITJRTHY 1986
FERRUGINEUS ET AL.
ORYZAEPHILUS ADULT 2O.O 7O.O 20 0.5 48 IOO KRISNA},ÍI]RTITY 1986
SURINAMENSTS ET AL.
SITOPHILUS ADULT 2O.O 7O,O 20 0,5 L92 93 KRT SNA}ÍURT}TY 1986
GRANARIUS ET AL.
TRIBOLI1TM ADULT 2O.O 7O.O 20 0,5 48 1OO KRISNAMIJRTHY 1986
CASTANEI'M ET AL.
CRYPTOLESTES A-DULT 2O.O 7O.O 20 1.0 144 ]"OO KRI SNAI'ÍURTHY 1986
FERRUGINEUS ET AL.
ORYZAEPHTLUS ADULT 20. O 70. O 20 1.0 48 lOO KRI SNAI'ÍURT}TY ]-986
SI'RINAMENSIS ET AL.
SITOPHILUS ADULT 20. O 70. O 20 1.0 120 1OO KRISNAMIJRTIIY ].986
GRANARIUS ET AL.
TRIBOLIUM ADULT 2O.O 7O.O 20 I.O 72 lOO KRI SNAI.ÍURTHY ]-986
CASTANEIJM ET AL.
cRYPToLESTES ADULT 20.0 70.0 20 1.5 168 1-00 KRISNAI*frrRTt{y 1986
FERRUGINEUS ET AL.
ORYZAEPHILUS ADI,LT 2O.O 7O,O 20 L,5 LzO ].OO KRI SNAMI'RTHY 1986
SIJRINA}IENSIS ET AL.
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SITOPHILUS A.DULT 2O.O 7O,O 20 1.5 96 lOO KRISNAMI'RTHY ].986
GRANARIUS ET AL.
TRIBOLIUM ADULT 2O.O 7O.O 20 1.5 72 1OO KRISNAMIJRTHY ].986
CASTANEUM ET AL.
CRYPTOLESTES A-DULT 2O.O 7O.O 20 2,0 I44 85 KRI SNAMURTHY 1986
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20. O 70. O 20 2,O 96 66 KRISNA.I,{T'RTI{Y 1986
FERRUGINEUS ET AL.
ORYZAEPHILUS ADULT 2O.O 7O.O 20 2,0 48 ].6 KRT SNAì,fURTHY 1986
SURTNA.I'ÍENSIS ET AL.
ORYZAEPHILUS ADULT 2O.O 7O.O 20 2,0 288 95 KRISNAMURTTTY 1986
S1JRINAMENSIS ET AL.
ORYZAEPHILUS A-DULT 2O.O 7O.O 20 2,O 96 36 KRI SNAMURTHY 1986
SIJRINAMENSIS ET AL.
ORYZAEPHILUS ADULT 2O.O 7O.O 20 2,0 1.44 ]-OO KRI SNAMURTTÍY 1986
SURÏNA¡ÍENSIS ET AL.
SITOPHILUS ADULT 2O.O 7O.O 20 2.0 72 30 KRI SNA}4IJRTI{Y 1986
GRANARIUS ET AL,
SITOPHTLUS A-DULT 20, O 70. O 20 2.O L92 1OO KRISNA.I,ÍI'RTTTY ]"986
GRÁNARIUS ET AL,
SITOPHILUS ADULT 2O.O 7O.O 20 2.0 L44 93 KRISNAMIJRTI{Y 1986
GRANARIUS ET AL.
TRIBOL]UM ADULT 2O.O 7O.O 20 2.O 96 92 KRI SNAMIJRTI{Y 1986
CASTANEUM ET AL.
TRIBOLIUM ADULT 2O.O 7O.O 20 2.O 48 40 KRT SNAMURTI{Y 1986
CASTANEIJM ET AL.
TRTBOLTüM ADULT 20.0 70.0 20 2.0 144 100 KRl SNAtfURTrry 1986
CASTANEUM ET AL.
CRYPTOLESTES ADULT 2O.O 7O.O 20 2,6 48 9 KRI SHNAMI'RTH ].986
FERRUGINEUS Y ET. AL
CRYPTOLESTES ADULT 2O.O 7O.O 20 2.6 288 50 KRISNAMURTTTY 1986
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 2O.O 7O.O 20 2,6 96 7 KRISNA],fIJRTI{Y ]-986
FERRUGINEUS ET AL.
ORYZAEPHILUS AÐULT 2O,O 7O.O 20 2.6 48 69 KRISHNA}ÍURTH ].986
SIJRINAI'ÍENS I S Y ET.AL
ORYZAEPHTLUS ADULT 2O,O 7O.O 20 2.6 792 lOO KRI SNAI.ÍURTITY 1986
ST,IRINAüENSIS ET AL.
ORYZAEPHILUS AÐULT 2O.O 7O.O 20 2.6 96 72 KRISNAI,ÍI'RTHY 1986
SIJRINAMENSIS ET AL.
SITOPHILUS A-DULT 2O.O 7O.O 20 2.6 96 29 KRISHNAMURTH 1986
GRANARIUS Y ET, AL
SITOPHTLUS ADULT 2O,O 7O,O 20 2.6 L44 75 KRI SNAMI,RTITY 1986
GR.ANARIUS ET AL.
SITOPHILUS ADULT 2O.O 7O.O 20 2.6 240 1OO KRI SNAI'fIJRTHY 1986
GRANARIUS ET AL.
TRIBOLIUM ADULT 2O.O 7O.O 20 2,6 48 75 KRISHNA}ÍI'RTH 1986
CASTANEUM Y ET. AL
TRIBOLIW ADULT 2O,O 7O.O 20 2.6 96 98 KRISNAMT'RTHY 1986
CASTANEIJM ET AL.
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TRIBoLTUM A_DULT 20.0 70.0 20 2.6 144 100 KRI SNAÌ,fiJRTlry 1986
CASTANEI,M ET AL.
R}TYZOPERTHA EGG 26,0 57,0 20 8.0 96 30 CALDERON & 1980
DOMINICA NAVARRO
srToPHlI.US A_DULT 20.0 0.0 20 10.0 468 100 SToREY C.L. L976
GRANARI S

RHYZOPERTHA A-DULT 26.0 57,0 25 4.0 96 1OO CALDERON & 1980
DOMINICA NAVARRO
RHYZOPERTHA ADULT 26.0 57.0 25 4.0 96 lOO CALDERON & ].980
DOMINICA NAVARRO
SITOPHILUS PUPA 19.0 7O.O 25 5,0 2L7 50 DESMARCHELTE 1983
GRANARIS R ET. AL
TRIBOLIIIM ADULT 26.0 5].0 28 4.0 96 98 CALDERON E 1980
CASTANEIJ}Í NAVARRo
cRypToLEsTES AÐULT 20.0 70.0 30 2.3 t20 80 KRI SNAt'fitRTlry 1986
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 7O.O 30 2,3 288 9I KRISNAMT'RTITY 1986
FERRUGINEUS ET AL.
ORÏZAEPHILUS A-DULT 2O.O 7O.O 30 2.3 L2O 1OO KRI SNAI'ÍI'RTITY 1986
SIJRINAMENSÏS ET AL.
ORYZAEPHILUS ADULT 2O.O 7O.O 30 2.3 72 48 KRISNAMI'RTHY 1986
SIJRINAMENSTS ET AL.
SITOPHILUS ADULT 2O.O 7O.O 30 2.3 48 4 KRISNAT,ÍIJRTI{Y 1986
GRANARIUS ET AT.
SITOPHILUS AÐULT 2O.O 7O.O 30 2.3 I44 1OO KRI SNAMURTIIY 1986
GRANARTUS ET AL.
TRIBOLIUM ADULT 2O.O 7O.O 30 2.3 72 85 KRl SNAT,IURTHY 1986
CASTANEUM ET AL.
TRIBOLII'M ADULT 2O.O 7O.O 30 2.3 120 1OO KRISNAMURTHY 1986
CASTANEÌJI'! ET AL,
RITYZOPERTHA ADULT 26,0 57,O 30 8.0 96 1OO CALDERON AND 1980
DOMINICA NAVARRo
TRIBOLII'M EGG 26,0 57.0 30 8.0 96 1OO CALDERON & 1980
CASTANEIJM NAVARRO
TRTBOLTTJM SATGE 26.0 57.0 30 8.0 96 40 CAr.DERoN e 1980
CASTANEIJI'Í NAVARRO
SITOPHILUS ADULT 15.6 O.O 34 L5.4 168 lOO FREDRTCK ET 1970
GRANARTUS AL.
SITOPHILUS A-DULT 15.6 O.O 34 L5.4 72 IOO FREDRICK ET I97O
GRANARIUS AL,
TROGODERMA A-DULT 15.6 O.O 34 ].5.4 ]-68 97 FREDRICK ET L97O
GI.ABARIJM AL.
TROGODERMA ADULT 15.6 O.O 34 L5.4 72 93 FREDRICK ET 7970
GIABARTJI.Í AL.
TROGODERMA LARVA 15.6 O,O 34 T5.4 72 4 ¡REDRICK ET L97O
GIj,BARlJ}f AL.
TROGODERMA IARVA 15.6 O.O 34 L5.4 L68 5 !'REDRICK ET ]-970
GI,ABARIJM AL.
BIÁ,TELI^A' GERMAN]CA ADULT 32.0 O.O 35 I3.O 8 1OO CANTÍ,¡ELL 6r L976

NEIDHART
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PLoDTA r-ARVA 16,0 67.5 36 ts.o 336 100 HARETN p.K. 1968
INTERPUNCTELI.A & A. F. PRESSpLoDrA LARVA 16.0 67.5 36 15.0 168 100 HARETN p.K. 1968
TNTERPIJNCTELI.A, & A. F. PRESS
PLODIA T.ARVA 16.0 67,s 36 1s.0 336 100 HARETN p.K. 1968
INTERPI'NCTELLA & A, F. PRESS
TRIBOLIIJM ADULT 16.0 67.5 36 ]-5.0 168 78 H¡,REIN P.K. 1968
CASTANEI]M & A. F. PRESS
TRIBOL]IJM A-DULT L6.O 67.5 36 15.0 336 99 HARETN P.K. 1968
CASTANEUM & A. T. PRESS
TRTBOLIUH LARVA L6.O 67.5 36 15.0 336 93 HAREIN P.K. 1968
CASTANEUM & A. F- PRESS
TRIBoLIW IÁRVA L6.O 67.5 36 15.0 168 26 HAREIN p.K. 1968
CASTANEIJI.Í & A, F. PRESS
PLODIA I.ARVA 27,L 64,0 37 L4.8 336 lOO H¡,REIN P.K. 1968
INTERPIJNCTELIA & A. F. PRESS
PLoDTA Ì-ARVA 27.L 64.0 37 t4.8 168 100 IiARETN p.K. 1968
INTERPIJNCTELI,A & A, F. PRESS
TRIBOLII'M ADULT 27,L 64,5 37 L4,8 336 91 P.K.HARE]N & 1968
CASTANEIJI'f A. F. PRESS
TRIBOLII'M AÐULT 27,L 64.5 37 I4.8 L68 37 P.K.HAREIN & 1968
CASTANEI'M A. F. PRESS
TRTBOLIW TARVA 27.L 64.0 37 14.8 168 37 HARETN p.K, 1968
CASTANEIJI'f & A. F. PRESS
TRTBOLIW I"ARVA 27.L 64,0 37 T4.8 336 86 HAREIN P.K. 1968
CASTANEI'M & A. F. PRESS
ORYZAEPHILUS ADULT 27,6 7.0 38 13.]. 72 96 STOREY C.L. L97L
SIJRINA},fENSIS
ORYZAEP¡iILUS AÐULT 27,6 3O.O 38 13.1 72 88 STOREY C.L. L97L
ST'RINAI,ÍENSIS
ORYZAEPHÏLUS AÐULT 27.6 53,0 38 13,T 72 6I STOREY C.L. L97L
SIJRTNA}ÍENSIS
ORYZAEPHTIUS ADULT 27.6 72.0 38 13.1 72 18 STOREY C.L. T97L
SIJRINAMENSTS
TRIBOLIW ADULT 27,6 7,0 38 13.1 72 69 JAY E.G. I97L
CASTANEIJI.f
TRIBOLII'M ADIJLT 27.6 3O.O 38 13.1 72 46 JAY E.G. L97L
CASTANEU}f
TRIBOLIIJ}Í ADULT 27.6 53.O 38 13.1 72 21 JAY E.G. L97L
CASTANEIJ}Í
TRTBOLTI]ÞI AÐULT 27.6 72.0 38 1"3.]. 72 4 JAY E.C. L97L
CASTANÐUM
TRIBOLIUM CONFUSUM ADULT 27,6 7.0 38 I3.1 72 44 JAY E.G. L97L
TRTBOLTUM CONFUSUM ADULT 27.6 3O.O 38 13.1 72 30 JAY E.G. T97L
TRIBOLIW CON¡'I'SUM A.DULT 27,6 53.O 38 ].3.1 72 8 JAY E.C. I97L
TRIBOLIW CONFIJSUM ADULT 27,6 72,0 38 13.1 72 1 JAY E.C. L97L
SITOPHILUS ADULT 4,4 O.O 3ó 15.7 16S 96 FREDRICK ET ]-970
GRANAT,TUS AL.
SITOPHITUS ADULT 4.4 O,O 38 15.7 72 42 FREDRICK ET 1970
GRANARTUS AL.
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TROGODERMA A-DULT 4,4 O.O 38 15.7 168 98 FREDRTCK ET 7970
GI¿,BARUM AL.
TROGODERMA ADULT 4,4 O.O 38 I5,7 72 46 FREDRICK ET I97O
GI-{BARW AL.
TROGODERMA I.ARVA 4,4 O.O 38 15.7 168 54 FREDRICK ET L97O
GI,ABARIJM AL.
TROGODERMA IÁRVA 4,4 O.O 38 15.7 72 3 ¡REDRTCK ET L97O
GI.ABARUM AL.
pLoDrA r¿RvA 38.2 62.0 38 15.0 168 100 HARETN p.K. 1968
INTERPUNCTELI,A & A. F. PRESS
PLODTA LARVA 38.2 62.0 38 1s.0 336 100 HARETN p.K. 1968
INTERPI]NCTELLA & A. F. PRESS
TRIBOLIUM ADULT 38,2 62.0 38 ].5.0 336 lOO HARETN P.K. 1968
CASTANEUI.I & A. F. PRESS
TRIBOLII'M ADULT 38,2 62,0 38 ].5.0 168 76 HAREIN P.K, 1968
CASTANEIJM & A. F, PRESS
TRIBOLIIJM I.ARVA 38,2 62,0 38 15.0 336 IOO HAREIN P.K. ].968
CASTANEIJM & A. F. PRESS
TRIBOLTIJM I¿RVA 38.2 62,0 38 15.0 168 52 HARETN P.K. 1968
CASTANEUM & A. F. PRESS
SITOPHILUS ADULT 26,7 O.O 39 16.0 168 ].OO FREDRICK ET I97O
GRANARIUS AL.
STTOPHILUS ADULT 26,7 O.O 39 16.0 72 1OO FR.EDRTCK ET L97O
GRANARIUS AL.
TROGODERMA ADULT 26,7 O.O 39 16.0 168 ]-OO FREDRICK ET 1,970
GLABARUM AL.
TROGODERMA ADULT 26,7 O.O 39 16.0 72 1.OO FREDRICK ET L97O
GLASARW AL,
TROGODERMA I"ARVA 26,7 O.O 39 1"6.0 72 14 FREDRICK ET T97O
GLABARI'M AL,
TROGODERM¡, I^ARVA 26,7 O.O 39 16.0 168 ].4 FB,EDRICK ET L97O
GI¿.BARIIM AL.
SITOPHILUS ADIiLT 26,6 O,O 40 47.0 360 95 LTNDGREN & 1970
GRANARIS VINCENT
SITPHILUS ORYZAE A-DULT 26,6 O.O 40 41 ,O 72 95 LINDGREN & 1970

VINCENT
EPHESTIA KUHENILI.A EGG 15.0 O.O 40 48.0 120 90 BELL C,H. 1983
srTopHlLUS ADULT 25.0 100 42 12.0 300 99 BOND E.J & L979
GRANARIUS BUCKI,AND

c.T.
PLoDIA T ARVA 38.2 62.0 42 t3.0 336 L00 HAREIN p.K. 1968
INTERPUNCTELIA & A. T. PRESS
PLoDIA TARVA 38.2 62.0 42 13.0 168 100 HAREIN p.K. 1968
INTERPIJNCTELI,A & A. F. PRESS
TRIBOLIW ADULT 38,2 62,0 42 I3.O 336 1OO HAREIN P.K. 1968
CASTANEI'U & A. F. PRESS
TRIBoLIUI'Í ADULT 38.2 62.0 42 t3.0 168 100 HAREIN p.K. 1968
CASTANEI'M & A. F. PRESS
TRrBOLrrJlf rÀRvA 38.2 62.0 42 L3.0 336 100 HARETN p.K. 1968
CASTANEI]M & A, F. PRESS
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TRIBOLIUM I"ARVA 38,2 62,0 42 L3,O L68 89 }IAREIN P.K. 1968
CASTANEUM & A. F. PRES S

TR]BOLIW ADULT 26.7 4L.O 45 IL.O L92 95 ALINIAZEE T. 1971
CASTANEUM
TRIBOLTIJM CONFUSUM ADULT 26.7 47,0 45 LL,O 271 95 ALINIAZEE T. 1971
SITOPHILUS ADULT 26,7 O.O 48 13.5 72 1OO FREDRICK ET 1970
GB.ANARIUS AL.
SITOPHILUS ADULT 26,7 O.O 48 I3,5 168 1OO FREDRICK ET L97O
CR¡NARIUS AL,
TROGODERMA ADULT 26,7 O.O 48 I3.5 168 1OO FREDRICK ET I97O
GI.TARUU AL.
TROGODERMA A-DULT 26.] O.O 48 13.5 72 ].OO FREDRTCK ET I97O
GLA¡ARI,M AL.
TROGODERMA I.ARVA 26.7 O.O 48 13.5 72 35 FREDRICK ET L97O
GIABARU}Í AL.
TROGODERMA I"ARVA 26.7 O.O 48 ].3.5 168 55 FREDRICK ET L97O
GI.ABARI'M AI.
SITOPHILUS ADULT 15,6 O.O 48 I2,7 72 ].OO FREDRTCK ET L97O
CRANARIUS AL.
SITOPHILUS A-DULT 15.6 O.O 48 L2.7 168 lOO FREDRICK ET L97O
GRANARÏUS AL.
TROGODERMA ADULT 15.6 O.O 48 L2.7 72 99 IR.EDRICK ET I97O
GI.A.BARIJM AL.
TROGODERMA ADULT 15.6 O.O 48 L2.7 168 IOO TREDRICK ET L97O
CI¡.BARUM AI..
TROGODERMA IARVA 15.6 O,O 48 L2.7 72 ].2 FREDRICK ET ]-97O
GI¿.BARW AL,
TROCODERMA IÁRVA ]"5.6 O.O 48 L2.7 L68 23 FREDRICK ET L97O
GI¿'BARUM AL.
PLoDIA IARVA L6.0 67.5 48 13.5 t-68 100 HAREIN p.K. L968
TNTERPUNCTELI.A & A, F. PRESS
PLODIA I.ARVA 16.0 67.5 48 I3.5 336 1OO IIAREIN P.K. 1968
TNTERPIJNCTELI.A, & A. F. PRESS
TRTBOLIUM ADULT L6.O 67,5 48 ]-3.5 336 1OO HAREIN P.K. ].968
CASTANEIJI'f & A, F. PRESS
TRIBOLIIJ}Í A-DULT L6,O 67.5 48 13,5 168 92 HAREIN P.K. 1968
CASTANEI'M & A. F. PRESS
TRTBOLTI,M IARVA 16.0 67.5 48 13.5 336 100 HARETN p.K. 1968
CASTANEII}( & A. F. PRESS
TRIBOLIIIM IARVA ].6,0 67.5 48 ].3.5 168 67 HARETN P.K. 1968
CASTANEI]M & A. F. PRESSpLoDrA r-ARVA 27.L 64.0 50 !2.7 168 100 HARETN p.K. 1968
INTERPI'NCTELI"A & A. F. PRESS
PLODIA IARVA 27,L 64.0 50 L2.7 336 IOO HAREIN P.K. ].968
INTERPUNCTELI.A & A, F. PRESS
TRIBOLÏUM IARVA 27,L 64.0 50 L2.7 336 98 HAREIN P.K. 1968
CASTANEIJM & A. F. PRESS
TRIBOLIIJM IARVA 27.7 64.0 50 1.2.7 168 80 HÄRETN P,K, 1968
CASTANEIJI.Í & A.F.PRESS
TRIBOLIIJM ADULT 27.L 64.0 50 L2,9 336 1OO HAREIN P.K. 1968
CASTANEIJM & A, F. PRESS
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TRIBOLIUM ADULÎ 27.I 64.0 50 L2,9 168 1OO HAREIN P.K. 1968
CASTANEIJM & A. F. PRESS
STTOPHILUS A-DULT 26,6 O.O 50 4O.O I92 95 LINDGREN & 1970
GRANARIS VINCENT
SITPHILUS ORYZAE ADULT 26,6 O.O 50 4O.O 44 95 LINDGREN & 1970

VTNCENT
S]TOPHTLUS A-DULT 4,4 O.O 53 I2.5 168 96 FREDRICK ET L97O
GRANARIUS AL.
SITOPHILUS ADULT 4.4 O.O 53 12.5 72 46 FREDRICK ET L91O
GRANARIUS AL.
TROGODERMA AÐULT 4.4 O.O 53 12.5 72 38 FREDRICK ET L91O
GI,ABARIJ}Í AL.
TROGODERMA ADULT 4.4 O.O 53 12.5 168 98 FREDRICK ET I97O
GIÂBARUM AL.
TROGODERMA IARVA 4.4 O.O 53 L2,5 72 7 FREDRICK ET I97O
GI^A.BARUM AL.
TROGODERMA I¿RVA 4.4 O.O 53 12.5 168 6]- FREDRICK ET I97O
Gi^A.BARIJM AL.
CRYPTOLESTES ADULT 2.5 60.0 54 15.5 168 66 LIHITE ET AL. 1987
FERRUGINEUS
CRYPTOLESTES ADULT 1-O.O 60,0 56 14.0 ].68 64 WHTTE ET AL. 1987
FERRUGINEUS
SITOPHILUS ADULT 4.4 O.O 57 7.8 168 lOO ¡R,EDRICK ET L97O
GRANARIUS AL.
SITOPHILUS ADULT 4,4 O.O 57 7,8 72 67 FREDR]CK ET 1970
GR¿NARIUS AL.
TROGODERMA A-DULT 4.4 O.O 57 7,8 72 22 FREDRICK ET L97O
GI,ABARIJT'Í AL.
TROGODERMA ADULT 4.4 O,O 57 7.8 ].68 1OO IR.EDRICK ET ].970
GI.A,BARUM AL.
TROGODERMA I.ARVA 4.4 O,O 57 7,8 72 25 ¡ts,EDRICK ET T97O
GI.ABARIJM AL.
TROGODERMA I.ARVA 4,4 O.O 57 7.8 168 61 trts.EDRICK ET L97O
GIÁBARIIM AL.
TRIBOLIUM ADULT 27,O 5O.O 58 8.0 24 28 JAY E.G. 1983
CASTANEIJI.Í
TRIBOLIIJI.f A.DULT 27.6 9.3 60 9.8 72 lOO JAY E.G. L97L
CASTANEIJM
TRIBOLII'M ADULT 27,6 33,3 60 9.8 72 IOO JAY E.C. L97T
CASTANEIJI.f
TRIBOLII'M ADULT 27,6 60,0 60 9.8 72 99 STOREY C.L. T97T
CASTANEUM
TRlBOLllJM ADULT 27,6 73,O 60 9.8 72 99 JAY E.G. L97L
CASTANEIJl'f
TRIBOLTIJI'Í CONFIJSUM A-DULT 27,6 9.3 60 9.8 72 1OO JAY E.G, L97L
TRIBOLIUM CONFUSIJM A-DULT 27.6 33,0 60 9.8 72 1OO STOREY C.L. L97L
TRlBoLlt M CON¡'rrSUlf AÐULT 27.6 60.0 60 9.8 72 95 JAy E.c. L97L
TRIBOLIIJM CONFUSI'M ADULT 27,6 73.0 60 9.8 72 92 JAY E.C. T97T
TRIBoL TM ADULT 27.0 50.0 60 8.0 48 96 JAy E.c. 1981
CASTANEUM
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TRIBOLII'M ADULT 27 .O 5O,O 60 8.0 72 99 JAY E.G. 1981
CASTANEUM
lRtBOLrrrM ADULT 27.O 66.0 60 8.0 72 98 JAy E.c. 1981
CASTANEuM
TRÌBOLrUlt A.DULT 27.0 66.0 60 8.0 48 94 JAy E.c. 1983
CASTANEUM
TRTBOLIW r-ARVA 21 .0 50.0 60 8.0 72 80 JAy E.C. 1981
CASTANEI'M
TRTBOL M LARVA 27.0 50.0 60 8.0 48 48 JAy E.c. 198r
CASTANEljl'f
TRTBOLTUU taRVA 27.0 66.0 60 8.0 48 20 JAy E.C. 1983
CASTANEUM
TRTBOLIUM r-ARVA 27.0 66.0 60 8.0 72 53 JAy E.c. 1983
CASTANEUH
TRTBOLII'M PUPA 27.0 5O,O 60 8.0 72 99 JAY E.G. 1981
CASTANEI'M
TRIBOLII'M PUPA 27.0 5O.O 60 8.0 48 89 JAY E.G. 1981
CAS TANEIJM
TRIBOLnTM pUpA 27.0 66.0 60 8.0 48 46 JAy E.c. 1983
CASTANEUM
TRTBOLIUH pUpA 27.O 66.0 60 8.0 72 81 JAy E.c. 1983
CASTANEUM
TRTBOLIUH A_DULT 20.0 60.0 60 8.0 144 100 SPRATT 1985
GRANARIUH
TRTBOLTW ECG 20.0 60.0 60 8.0 144 100 s PRATT 1985
GRANARTI'M
TRTBOLTUM pUpA 20.0 60.0 50 8.0 144 100 SPRATT 1985
GRANARIT'M
TRIBOLTUM PUPA 3O.O 60.0 60 8.0 144 1OO SPRATT 1985
GRANARIIJM
CRPTOLESTES ADULT 2O,O O,O 60 13.5 168 lOO IùHITE ET.AL 1988
FERRUCINEUS
EPHESTTA CAUTELI,A EGG 25.O O.O 60 2O,O 18 lOO BELL C.H 1983
EPHESTIA CAUTELLA EGG 25.0 O.O 60 2O,O 24 1OO BEI¿ C.H. 1983
EPHESTIA Ecc 25.0 0.0 60 20.0 t8 100 BELL C.H. 1983
KUEHN I ELT,A
EPHESTTA Ecc 25.0 0.0 60 20.0 24 100 BELL C.H. 1983
KUEHNIELI.A
SITOPHILUS ADULT 26.6 O.O 60 31,0 74 95 LINDGREN & 1970
GRANARIS VINCENT
SITPHILUS ORYZAE ADULT 26,6 O.O 60 3]..0 40 95 LINDGREN & I97O

VINCENT
SITOPHILUS ADULT ].5.6 O,O 61 7.3 72 1OO TREDRICK ET L97O
GRANARIUS AL.
SITOPHILUS AÐULT 15.6 O.O 6L 7,3 L68 lOO FREDRICK ET L97O
GRANARIUS AL.
TROGODERMA ADI'LT 15.6 O.O 61 7.3 72 1OO FREDRTCK ET L97O
GI.A,BARIIM AL.
TROGODERMA A.DULT 15.6 O.O 6L 7.3 168 lOO ¡REDRICK ET L97O
CI.A,BARI'M AL.
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TROGODERMA I.ARVA 15.6 O.O 61 7.3 1.68 98 FREDRICK ET 1.970
GI.A,BARI'M AL.
TROGODERMA I¿RVA 15.6 O.O 6L 1.3 72 63 FREDRICK ET I97O
GiABARUM AL.
TRTBOLflJM rARvA 33.0 50.0 61 s.0 48 25 JAy E,c. 1983
GRANARITJM

TRTBoL TM LARVA 33.0 50.0 6L s.0 24 22 JAy E.C, 1983
GRANARIUM
TRIBOLTW LARVA 33.0 s0.0 61 5.0 48 32 JAy E.C. 1983
GRANARIUM
TRrBOLrlJlf LARVA 38.0 50.0 61 5.0 24 21 JAy E.c. 1983
GRANA.R.lUM

TRTBOLIUM T,ARVA 33.0 s0.0 61 5.0 48 15 JAy E.c. 1983
VARIABILTE
TRTBOLTTJT'f IÁRVA 38.0 50.0 61 5.0 48 31 JAy E.c. 1983
VARIA¡ILIE
TRIBOLII'M IARVA 3.0 5O.O 61 8.0 24 21 JAY E.G. 1983
GRANARTU¡T

TRIBOLIIJM pUpA 36.0 50.0 61 8.0 24 44 JAy E.c. 1983
GRANARTUM

TRTBOLTW T ARVA 36.0 50.0 61 8.0 24 16 JAy E.c. 1983
VARIAB]LIE
TRIBOLIUM PUPA 36.0 5O.O 61 8.0 24 31. JAY E.G. 1983
VARIAS]LIE
TRIBOLIUM A-DULT 26,7 4L,O 62 7.6 60 95 ALINIAZEE T. ].97].
CASTANEUl.f
TRIBOLIIJM CONFUSUM ADULT 26.7 4L,O 62 7.6 58 95 ALTNIAZEE T. 1971
oRYZAEPHTLUS pUpA 16.0 50.0 62 8.0 240 100 JAy E.c. 1983
SI'RTNAMENSTS
oRYZAEPHILUS pUpA 16.0 50.0 62 8.0 240 100 JAy E.c. 1983
SIJRINAMENSIS
ORYZAEPHILUS PUPA 27.0 5O.O 62 8.0 96 IOO JAY E.G. 1983
Sl'RlNAMENSIS
oRYZAEPHTLUS pUpA 32.0 50.0 62 8.0 96 100 JAy E.c. 1983
SI'R INAI.IENS I S

CRYPTOLESTES ADULT 2.5 60.0 62 L6.O 24 10 I,IHITE ET AL. 1987
FERRUGINEUS
SITOPHILUS ADULT 26,7 O.O 62 7.0 168 1OO FREDRICK ET 1970
GRANARIUS AL.
SITOPHILUS ADULT 26,7 O.O 62 7,0 72 1OO ¡REDR]CK ET L97O
GR.ANARIUS AL.
TROCODERMA ADULT 26.7 O.O 62 7.0 168 ].OO FREDRTCK ET L97O
GI.A.BARiIM AL.
TROGODERMA ADULT 26,7 O.O 62 7,0 72 1OO FREDRICK ET L97O
GI¿.BARUM AL.
TROGODERMA IARVA 26.7 O.O 62 7.0 72 64 ¡T,EÐRICK ET I97O
GI¿,BARUM AL,
TROGODERHA T.ARVA 26,7 O.O 62 7.O L68 96 FREDRICK ET L97O
GI,ABARIJI'Í AL.
PLODIA IARVA L6.O 67.5 63 7.5 L68 ].OO HAREIN P.K. 1968
INTERPUNCTELi"A, & A. F, PRESS
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PLODIA IÁRVA L6,O 67,5 63 7.5 336 1OO HAREIN P.K. 1968
INTERPIJNCTELLA & A. F. PRESS
PLoDTA IÁRVA 16.0 67.s 63 7.5 336 t-00 HARETN p.K. 1968
INTERPUNCTELI,A & A. F. PRESS
TRIBOLII'M A-DULT 16,0 67,5 63 7.5 336 lOO HÀREIN P.K. 1968
CASTANEUM & A, F. PREss
TRIBOLIIJM AÐULT L6,O 67,5 63 7.5 ].68 IOO HAREIN P.K, 1968
CASTANEUM & A. F- PRESS
TRIBOLIUM IÁRVA L6.O 67,5 63 7.5 336 1.OO HAREIN P.K. 1968
CASTANEUM & A. F. PRESS
TRIBoLIUM raRVA 76.0 67.5 63 7.5 168 89 HAREIN p.K. 1968
CASTANEI'M & A. F. PRESS
EPHESTIA CAUTELI.A A-DULT 27,0 6.0 63 8.0 48 IOO JAY E.G. 1983
EPHESTIA CAUTELIÁ, EGG 27,O 66,6 63 8.0 48 ]-OO JAY E.G. 1983
EPHESTIA CAUTELLA IARVA 27,0 66.0 63 8.0 120 1OO JAY E.G. 1983
EPHESTIA CAUTELI¿. PUPA 27,0 66.0 63 8.0 72 lOO JAY E.G. 1983
TRTBOLIUM ADULT 27.0 66.0 63 8.0 96 100 JAy E.c. 1983
CAS TANET'M

TRTBOLflTM Ecc 27.0 66.0 63 8.0 48 100 JAy E.c. 1983
CASTANEUM
TRTBOLTTTM I"ARVA 27.0 66.0 63 8.0 150 100 JAy E.c. 1983
CASTANEUM
TRTBOLIITM pUpA 27.0 66.0 63 8.0 120 100 JAy E.c. 1983
CASTANEI]M
TRTBoLIUU pUpA 33.0 50.0 63 8.0 48 96 JAy E.c. 1983
GRANARllIM
TRIBOLIW PUPA 33.0 5O.O 63 8.0 24 30 JAY E,G. 1983
GRANARlUM
TRIBOLIUM PUPA 38.0 5O.O 63 8.0 24 44 JAY E,G. 1983
GRANARII'M
TRIBOL]I'M PUPA 38.0 5O,O 63 8.0 16 T3 JAY E.G, 1983
GRANARII'M
TRTBOLIIJU pUpA 33.0 50.0 63 8.0 48 64 JAy E.c. 1983
VAR]ASILIE
TRIBOLTUU pUpA 33.0 50.0 63 8.0 24 22 JAy E.G. 1983
VARIABILIE
TRTBOLIIJI.Í pUpA 38.0 50.0 63 8.0 24 3L JAy E.c. 1983
VARIABILIE
TRTBOL JIf pUpA 38.0 50.0 63 8.0 16 9 JAy E.C. 1983
VARIABILIE
CRYPTOLESTES ADULT 1O.O 60.0 65 L2.O 24 ].0 I1'HITE ET AL. ].987
FERRUG]NEUS
TRIBOLTI'M ADULT 38.2 62.0 66 7.0 336 1OO }IAREIN P.K. 1968
CASTANEIJM & A. F, PRESS
TRIBOLIW ADULT 38.2 62.0 66 7.0 168 lOO HARETN P.K. ]-968
CASTANEUM & A. F. PRESS
TRIBOLTUM LARVA 38.2 62.0 66 7,0 L68 1OO HAREIN P,K. 1968
CASTANEIJM & A. F. PRESS
TRIBOLTUIÍ LARVA 38.2 62.0 66 7.0 336 100 HARETN p.K. 1968
CASTANEUM & A. F. PRESS
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pLoDrA I-ARVA 38.2 62.0 66 7.0 168 100 HARETN p.K. 1968
INTERPUNCTELT,A & A. F. PRESSpLoDrA T,ARVA 38.2 62.0 66 7.0 336 100 HARETN p.K. 1968
]NTERPUNCTELLA & A. F. PRESS
PLODTA I¿RVA 27.T 64,0 68 6,7 336 1OO HAREIN P,K. ].968
INTERPUNCTELT,A & A, F. PRESS
PLoDïA LARVA 27.L 64.0 68 6.1 L68 100 HARETN p.K. 1968
TNTERPIJNCTELIA & A. F. PRESS
TRIBOLIUM A-DULT 27.7 64.5 68 6.7 336 lOO HAREIN P.K. ].968
CASTANEUM & A. F. PRESS
TRTBOLIUM ADULT 27,L 64.5 68 6,7 168 1OO HAREIN P.K. 1968
CASTANEUM & A. F. PRESS
TRIBOLIW I.ARVA 27.L 64,0 68 6,7 336 1OO HAREIN P,K. 1968
CASTANEIIM & A. F. PRESS
TRTBOLIUH r-ARVA 27.7 64.0 68 6.7 168 100 HARETN p.K. 1968
CASTANEUM & A. F. PRESS
CRYPTOLESTES ADULT 1O.O 62.0 7O O.O 48 11 R.A}IESHBA3U 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 1O.O 62.0 70 O.O 24 2 R.AMESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 62.0 7O O.O 96 39 RAMESHBA3U 1989
FERRUGTNEUS ET AL,
CRYPTOLESTES A-DULT 1O.O 74.0 70 O.O 24 1 RÁMESHBA¡U 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 1O.O 74.0 70 O.O 96 39 RA¡IESHBA3U ].989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 74.0 70 O.O 48 12 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 1O.O 83.0 70 O.O 48 2 RA}IESHBA3U 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 10.O 83.0 70 O.O 96 31 RAì,fESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 10.O 83.0 70 O.O 24 O RAHESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 62.0 70 O.O 60 7 RAI,ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTO],ESTES ADULT 15.0 62.0 7O O.O 48 7 RAMESHBA.BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 62.0 7O O.O 24 3 RAMESHBA-BU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES AÐI'LT 15.0 62.0 70 O.O 24 8 RÁI'IESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES A-DULT 15.0 62.0 70 O.O 96 45 RA¡,IESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.O 62.0 70 O.O 84 45 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 15,0 62.0 70 O.O 72 34 R.AMESHBABU 1989
FERRUGINEUS Eî AL,
CRYPTOLESTES ADULT I5.O 74.0 70 O.O 84 37 RAMESHBABU 1989
FERRUGINEUS ET AL.
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CRYPTOLESTES ADULT 15.0 74.0 70 O.O 96 40 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A¡ULT 15.O 74.0 70 O,O 60 17 RAMESHBABU ].989
FERRUGINEUS ET AL.
CRYPTOTESTES ADULT 15.O 74.0 70 O.O 24 O RAMESHBA.BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 74.0 ]O O.O 48 3 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.O 74.0 70 O.O 72 19 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 70 O.O 48 5 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 70 O.O 72 37 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 70 O.O 24 O RAMESHBA3U ].989
FERRUGINEUS ET AL,
CRYPTOLESTES A-DULT ].5. O 83.0 70 O. O 84 28 RA.¡,ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ]-5.0 83.0 70 O,O 60 14 RAMESHBASU ].989
FERRUCINEUS ET AL.
CRYPîOLESTES AÐULT 15.0 83.0 7O O.O 96 38 RAMESHBA.BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 62.0 70 O.O 48 12 RAI'ÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 62,0 70 O.O 72 20 RAI.ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 2O,O 62.0 70 O.O 84 58 RAI'fESHBABU ].989
FERRUGTNEUS ET AL.
GRYPTOLESTES ADULT 20.0 62.0 70 0.0 60 l-s R-AIÍESHBASU L989
FERRUGINEUS ET AL,
CRYPTOLESTES AÐULT 2O,O 62.0 70 O.O 24 4 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 62,0 70 O.O 96 49 RÁMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20.O 74.0 7O O,O 84 30 RAMESHBASU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 2O.O 74.0 7O O.O 60 12 RA},IESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐIJLT 20,O 74,0 70 O.O 96 44 RAT'ÍESHBABU 1989
FERRUCINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 74,0 70 O.O 24 5 R¡IIÍESHBASU ].989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20,O 74,0 70 O,O 48 5 RAI.IESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 2O,O 74,0 70 O.O 72 17 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20.O 83.0 70 O.O 72 20 R.A.IÍESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 2O,O 83.0 70 O.O 48 6 RAMESHBABU 1989
FERRUGINEUS ET AL,
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CRYPTOLESTES ADULT 2O.O 83.0 70 O,O 84 23 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 70 O.O 24 6 RA.I'ÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 2O.O 83.0 ]O O.O 60 7 RAMESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPToLESTES A_DULT 20.0 83.0 70 0.0 96 28 RÀ.r,fEsHBA3U 1989
FERRUGINEUS ET AL.
oRYPTOLESTES EcC 10.0 62.0 70 0.0 48 25 RA¡IíESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 1O.O 62.0 70 O.O 96 60 RAMESHBABU 1989
FERRUGINEUS ET AL.
cRypToLEsTES Ecc 10.0 62.0 70 0.0 24 t5 RAÌ4ESHBA3U 1989
FERRUGINEUS ET AL.
CRYPToLESTES EcG 10.0 74.0 70 0.0 24 15 RA}ÍESHBASU 1989
FERRUCINEUS ET AL.
cRypToLEsTES Ecc 10.0 74.0 70 0.0 96 50 R.AI,fESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 1O.O 74.0 70 O.O 48 30 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 10.O 83.0 70 O.O 48 20 RAMESHBA-BU 1989
FERRUGTNEUS ET AI.
CRYPToLESTES Ecc 10.0 83.0 70 0.0 96 40 R.AÌfESHBASU L989
FERRUCINEUS ET AL.
CRYPToLESTES Ecc 10.0 83.0 70 0.0 24 t-5 RATÍESHBABU 1989
FERRUGINEUS ET AL,
GRYPTOLESTES Ecc 20.O 62.0 70 0.0 24 30 RÁüESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 2O,O 62,0 70 O.O 96 75 RAI'ÍESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES EGG 20,O 14,0 70 O,O 24 20 RAMESHBABU 1989
FERRUGINEUS ET AL.
oRYPTOLESTES EGc 20.0 74.0 70 0.0 48 30 R¡l'fEsHBAsU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 20.O 83.0 70 O.O 48 30 R.AMESHBABU 1989
FERRUGINEUS ET AI..
CRYPTOLESTES Ecc 20.0 83.0 70 0.0 24 20 RAÌ'ÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ECG 2O.O 83.0 70 O.O 96 55 RAMESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOTESTES EcC 20.0 74.0 70 0.0 96 60 RÁtrEsHBAsU L989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 1O,O 62.0 7O 4.O 48 9 RAMESHBASU 1989
FERRUGÏNEUS ET AL.
CRYPTOLESTES ADIJLT 1O.O 62.0 70 4.0 84 39 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 62.0 70 4.0 24 3 R.AI,IESHBASU 1989
FERRUGTNEUS ET AL,
CRYPTOLESTES ADULT 1O.O 62.0 70 4.0 60 17 R.AI,ÍESHBABU 1989
FERRUGINEUS ET AL,
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CRYPTOLESTES ADULT 1O.O 62.0 70 4.0 72 32 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O,O 62.0 ]O 4.0 96 58 R¡.MESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 10.O 74.0 70 4.0 60 13 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ]"0.0 74.0 70 4.0 96 63 RAMESHBABU 1989
FERRUG]NEUS ET AL.
CRYPTOLESTES ADULT 1O.O 74.0 70 4.0 24 4 R.AI.ÍESHBASU T989
FERRUGINEUS ET AL.
oRYPIoLESTES ADULT 10.0 74.0 70 4.0 72 26 RAT.TESHBA3U 1989
FERRUGINEUS ET AL,
oRYPTOLESTES ADULT 1"0.0 74.0 70 4.0 84 34 RAUESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 74.0 70 4.0 48 5 RAMESHBASU ]-989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 83,0 70 4.0 48 4 RAMESHBABU 1989
FERRUGTNEUS ET AL,
CRYPTOLESTES ADULT 10.0 83.0 70 4.0 84 29 RA.I'ÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 1O.O 83.0 70 4.0 24 O RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 83.0 70 4.0 72 24 R.AI'IESHBABU 1989
FERRUCINEUS ET AL,
CRYPTOLESTES ADULT 1O.O 83.0 70 4,O 60 11 RAMESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 83.0 70 4.0 96 50 RÁMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT I5.O 62,0 70 4,0 84 50 R.AMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT I5.O 62.0 70 4.0 48 15 RAI.IESHBA¡U 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 15.0 62.0 70 4,0 72 30 RAT'ÍESHBASU 1989
FERRUGÏNEUS ET AL.
CRYPTOLESTES ADULT I5.O 62.0 70 4.0 60 2]- RAMESHBA3U ].989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 15.0 62.0 70 4.0 96 75 RAI{ESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 15.0 74.0 70 4,0 96 48 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 74.0 70 4,0 60 15 RÁMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ].5.0 74.0 70 4.0 24 O RAMESHBASU 1989
FERRUGÏNEUS ET AL.
CRYPTOLESTES ADULT I5.O 74.0 70 4.0 72 22 RA}ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT ].5.0 74.0 ]O 4.0 84 22 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 15,0 74.0 70 4.0 48 8 RAMESHBABU 1989
FERRUGINEUS ET AL.
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CRYPTOLESTES ADULT 15.0 83.0 70 4,0 84 18 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 70 4.0 48 4 RAMESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.O 83,0 70 4,0 72 13 RAI'IESHBABU 1989
FERRUCTNEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 70 4.0 60 8 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1.5.0 83.0 70 4.0 24 5 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 15.0 83.0 7O 4.0 96 46 RA},IESHBA-BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A_DULT 20.0 62.0 70 4.0 84 46 RâÌ'fESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A.DULT 2O,O 62,0 70 4.0 48 7 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 2O,O 62,0 10 4,0 96 73 RÁMESHBABU 1.989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 62,0 70 4,0 24 4 RAMESHBA3U 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 20,O 62.0 70 4,0 72 24 RA.ÈIESHBA3U 1989
FERRUGINEUS EÎ AL.
CRYPTOLESTES ADULT 20,O 62,0 70 4.0 60 20 RAMESHBABU 1.989
FERRUGINEUS ET AI.
CRYPTOLESTES ADULT 2O.O 14.O 70 4,O 72 24 RA}TESHBABU ]-989
FERRUGINEUS ET AT.
CRYPTOLESTES A-DULT 2O,O 74,0 70 4.O 60 19 R.AMESHBA3U 1-989
FERRUG]NEUS ET AL.
CRYPTOLESTES A-DI'LT 2O.O 74,0 70 4,O 24 5 RAMESHBA3U 1989
FERRUCINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 74,0 70 4,O 96 48 RAMESHBA3U 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 2O.O 74,0 70 4.0 48 11 RA},TESHBA3U 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADI'LT 2O,O 74,0 70 4.0 84 38 RAMESHBABU ].989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 70 4.0 84 35 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 2O.O 83.0 70 4,O 48 9 RAMESHBA-BU 1989
FERRUCINEUS ET AL.
CRYPÎOLESTES A-DULT 20.O 83.0 70 4.0 96 60 RAMESHBA¡U 1989
FERRUGTNEUS ET AL.
CRYPToLESTES ADULT 20.0 83.0 70 4.0 24 l- RAÌ{ESH3A3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 70 4,0 72 19 RAMESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 70 4.0 60 11 RA.ITIESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG ].0.0 62.0 70 4.0 48 15 RAMESHBABU ].989
FERRUGINEUS ET AL.
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CRYPTOLESTES EGG 1O.O 62.0 70 4.0 96 60 RAMESHBA-BU 1989
FERRUGINEUS ET AL.
oRYPTOLESTES EcC 10.0 62.0 70 4.0 24 t0 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 10.O 74.0 70 4.0 24 ].0 RAMESHBABU 1989
FERRUGINEUS EÎ AL.
CRYPTOLESTES EGG 1O.O 74.0 70 4,0 96 60 RAMESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 1O.O 74.0 70 4.0 48 20 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 1O.O 83.0 70 4.0 48 15 RAMESHBASU ]-989
FERRUGINEUS ET AL,
cRypToLEsTES EGc 10.0 83.0 70 4.0 96 50 RAüESHBABU 1989
FERRUGINEUS ET AL.
CRYPIoLESTES EGc 10.0 83.0 70 4.0 24 s RAÌÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ECG 2O.O 62,0 70 4.0 48 20 RAMESHBASU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES Ecc 20.0 62.0 70 4.0 24 1"0 RAÌ{ESHBASU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES EGG 2O.O 62,0 70 4.0 96 45 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 2O,O 74.0 70 4.0 24 O RAMESHBABU 1989
FERRUG]NEUS ET AL.
CRYPTOLESTES EGG 2O,O 74.0 70 4,0 96 40 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 2O,O 74.O 70 4.0 48 15 RAMESHBA-BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 2O.O 83.0 70 4.0 48 40 RAMESHBA3U ].989
FERRUGINEUS ET AL.
CRYPTOI,ESTES EGG 2O.O 83.0 70 4,0 24 20 RA}ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 2O.O 83.0 70 4.0 96 40 RAMESHBABU ].989
FERRUGINEUS ET AL.
I'RANKLINIELLA A¡ULT 2,5 O.O 70 4.0 48 lOO YATR ARARONI 1981
OCCTDENTATI ET. AL
CRYPTOLESTES A-DULT 1O.O 62.0 70 8.0 48 1I RAMESHBATU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 1O.O 62.0 70 8.0 84 48 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT IO.O 62.0 70 8.0 96 70 RÀ.ì{ESHBA3U 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 1O.O 62.0 70 8.0 72 40 RAMESHBABU ].989
¡'ERRUGINEUS ET AL.
CRYPTOLESTES ADULT 10.O 62.0 70 8,0 60 ].9 RAI'IESHBA¡U ].989
FERRUGINEUS ET AL.
oRYPToLESTES A_DULT 10.0 62.0 70 8.0 24 0 R3.MESHBASU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT ].0,0 74.0 70 8.0 24 2 RA$ESHBASU 1989
FERRUGINEUS ET AL.
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CRYPTOLESTES ADULT 1O.O 74.0 70 8.0 60 15 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 1O.O 74.0 7O 8.0 72 27 R.A¡ÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1.0.0 74.0 70 8.0 96 73 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 74.0 70 8.0 84 31 RAMESHBA-BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 1O.O 74.0 70 8.0 48 9 RAMESHBA.BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 10.O 83.0 7O 8.0 48 5 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 1O.O 83.0 70 8.0 84 32 R¡I'ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A_DULT 10.0 83.0 70 8.0 60 L3 RAI,ÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 10.O 83.0 70 8.0 96 54 RAI4ESHEA3U L989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ].0.0 83.0 70 8.0 24 O RAI'ÍESHBASU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 10.O 83.0 70 8.0 72 23 RAMESHBABU 1.989
FERRUCTNEUS ET AI,.
CRYPTOLESTES A¡ULT ].5.0 62.0 70 8.0 48 16 RÁMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 15.0 62.0 70 8.0 84 65 RÁI,ÍESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 15.0 62.0 70 8.0 24 3 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT ].5.0 62.0 70 8.0 60 26 RAMESHBA-BU 1989
FERRUGINEUS ET AL.
oRYPToLESTES AÐlttT 15.0 62.0 70 8.0 72 34 RA.I'TESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT ].5.0 62.0 70 8.0 96 74 RÁMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ].5.0 74.0 70 8.0 24 O RAMESHBABU 1,989
FERRUGINEUS ET AL.
CRYPTOLESTES AIULT ].5.0 74.0 70 8.0 60 14 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ]-5.0 74.0 70 8.0 96 63 RAüESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 74.0 70 8.0 72 38 RAMESHBABU ]-989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 74.0 70 8,0 48 4 RAI.ÍESHBA¡U 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES AÐULT 15.0 74.0 70 8.0 84 54 R.AHESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15,0 83.0 70 8.0 84 34 RA¡'ÍESHBASU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES A¡ULT I5.O 83,0 70 8.0 48 6 RAMESHBABU ].989
FERRUCTNEUS ET AL.
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CRYPTOLESTES ADULT 15.O 83.0 70 8.0 60 11 RAMESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES A-DULT 15.0 83.0 70 8.0 72 39 RA¡4ESHBABU 1989

ET AL.FERRUGINEUS
CRYPTOLESTES ADULT 15.0 83.0 70 8.0 96 58 RAMESHBA.BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 70 8.0 24 2 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 62.0 70 8.0 84 66 RAMESHBA3U 1989
FERRUCÏNEUS ET AL.
CRYPTOLESTES AÐULT 2O.O 62,0 70 8.0 48 10 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20.O 62.0 70 8.0 96 73 RAMESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 2O,O 62.0 70 8.0 72 58 RAMESHBABU ]-989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 62,0 70 8.0 60 31 RAMESHBA3U 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES A-DULT 2O.O 62,0 70 8.0 24 O RAMESHBA.BU ]-989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 2O,O 74,O 70 8.0 96 65 R3T'ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20.O 74,0 70 8.0 24 O RÁMESHBABU ]-989
FERRUGTNEUS ET AL.
CRYPTOLESTES AÐULT 20,O 74.O 70 8.0 60 24 RA}{ESH3A3U 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 2O.O 74,0 70 8.0 72 44 R¡I,IESHBAAU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 74,0 70 8.0 48 9 R.AIIÍESHBASU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 2O,O 74,0 70 8.0 84 53 RÁMESHBA3U ].989
FERRUGINEUS ET AL.
GRYPTOLESTES ADULT 20.0 83.0 70 8.0 84 53 R.AI,ÍESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 70 8.0 48 4IiAI.fESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 70 8.0 72 44 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 70 8.0 60 32 RAMESHBABU 1989
FERRUGÏNEUS ET AL.
CRYPTOLESTES AÐULT 2O.O 83.0 70 8.0 96 71 RAMESHBATU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES A-DULT 20.O 83.0 7O 8.0 24 O RAMESHBA¡U 1989
FERRUGINEUS ET AT.
CRYPTOLESTES EGG 2O.O 62,0 70 8.0 48 40 R.AMESHBA.BU 1989
FERRUGINEUS ET AL.
SITOPHILUS ADULT 26,6 O.O 70 23.0 72 95 LTNDGREN & 1970
GRANARTS VINCENT
SIÎPHTLUS ORYZAE AÐULT 26,6 O.O 70 23,0 36 95 LINDGREN & 1970

VINCENT
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CRYPTOLESTES ADULT 2O,O O.O 72 9.5 168 lOO I,IHITE ET.AL 1988
FERRUGINEUS
RIÍYZOPERTHA ADULT 19.0 7O,O 75 5.0 27 50 DESMERCHELIE 1983
DOMTNICA R ET. AL
RI{YZOPERTHA EGG 19.0 7O.O 75 5.0 94 50 DESMERCHELIE 1983
DOMINICA R ET, AL
RHYZOPERTHA I.ARVA 19.0 7O.O 75 5.0 31 50 DESMERCHELIE 1983
DOMINTCA R ET.AL
RT{YZOPERT}IA PUPA 19.0 7O.O 75 5.0 50 50 DESMERCHELIE 1983
DOMTNICA R ET. AL
SITOPHILUS ADULT 19.0 7O.O ]5 5.0 63 50 DESMARCHELIE 1983
GRANARIS R ET, AL
SITOPHILUS EGG ].9.0 7O.O ]5 5.0 56 50 DESMERCHELIE 1983
GRANARIS R ET.AL
STToPHTLUS Í¿RVA 19.0 70.0 75 5.0 68 50 DESMERCHELTE 1983
GRANARIS R ET. AL
SITOPHILUS ADULT 25,0 100 75 5.0 199 99 BOND E.J & L979
CRANARIUS BUCKIAND

c.T.
SITOPHILUS ORYZAE ADULT ]-9.0 7O.O 75 5.0 15 50 DESHERCHELIE 1983

R ET, AL
SITOPHILUS ORYZAE EGG 19.0 7O.O 75 5.0 73 50 DESMERCHELIE 1983

R ET.AL
SITOPHILUS ORYZAE I.ARVA 19.0 7O.O 75 5,0 48 50 DESMERCHELIE 1983

R ET. AL
S ITOPHILUS , ORYZAE PUPA 19.0 70.O 75 5.0 63 50 DESMERCHELIE 1983

R ET. AL
TR]BOLIW A-DULT 19.0 7O.O 75 5.0 39 50 DESMERCHELIE 1983
CASTANEUM R ET. AL
TRÏBOLIUM EGG 19.0 7O.O 75 5.0 28 50 DESMERCHELIE 1983
CASTANEUM R ET.AL
TRTBOLIUM I.ARVA 19.0 7O,O 75 5.0 51 50 DESMERCHELIE 1983
CASTANEuM R ET. AL
TRIBOL]UM PUPA 19.0 7O.O 75 5.0 99 50 DESHERCHELIE 1983
CASTANEUM R ET. AL
TRTBOLII'M CONt'ttSIJl'l ADULT 19.0 70.0 75 5.0 45 50 DESMERCHELTE l-983

R ET. AL
TRIBOLIW CONI'IJSIJM EGG 19.0 7O.O 75 5.0 15 50 DESMERCHELIE 1983

R ET.AL
TRIBOLIIJM CONT'USUM TARVA 19.0 7O.O 75 5.0 47 50 DES}IERCHELTE 1983

R ET.AL
TR]BOLIW CONT'IJSUM PUPA 19.0 7O.O 75 5.0 75 50 DESMERCHELIE 1983

R ET. AL
TRTBOLII'M AÐULT 19.0 7O.O 75 5.0 40 50 DESMERCHELIE 1983
GRANARIIJ}Í R ET. AL
TRIBOL]W EGG 19.0 7O.O 75 5.0 115 50 DESMERCHELIE ].983
GR¡NARIUM R ET.AL
TRIBOLIUM I.ARVA 19.0 7O.O 75 5.0 312 50 DESMERCHELTE ]-983
GRANARTIJ},I R ET,AL
TRIBOL]UM PUPA 19.0 7O.O 75 5.0 238 50 DESMERCHELIE 1983
GRANARIUM R ET.AL
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TRTBOL IM LARVA 36.0 50.0 76 5.0 24 37 JAy E.c. 1983
GRANARIl'M
TRIBOLIUM PUPA 36.0 5O.O 76 5.0 24 49 JAY E.G. 1983
GRANARIlJM
TRTBOLTüM IÁRVA 36.0 s0.0 76 s.0 24 23 JAy E.c. 1983
VARIAsILTE
TRIBOLllrM PUPA 36.0 50.0 76 s.0 24 4s JAY E.c. 1983
VARÏABlLÏE
CRYPTOLESTES ADULT 1O.O 60.0 76 9.0 168 47 WHITE ET AL. 1987
FERRUGINEUS
ORYZAEPHILUS ADULT 16.0 5O.O 77 5.0 72 1OO JAY E.G. 1983
SUR]NAMENSIS
ORYZAEPHILUS ADULT 27.0 5O.O 77 5.0 48 1OO JAY E.G. 1983
SURINAMENSIS
oRYZAEPHTLUS A_DULT 32.0 50.0 77 5.0 24 100 JAY E.G. L983
SI'RTNAMENSIS
oRYZAEPHTLUS raRVA 16.0 50.0 77 5.0 72 100 JAY E.G. 1983
SURTNAMENSIS
oRYZAEPHTLUS TARVA 21.0 50.0 77 5.0 48 100 JAY E.G. 1983
ST'RTNAMENSIS
oRYZAEPHTLUS raRVA 31.0 s0.0 77 5.0 24 100 JAY E.G. 1983
SI'RlNAMENSTS
oRYZAEPHTLUS pUpA 16.0 50.0 77 5.0 240 100 JAy E.c. 1983
SI'RINAI'ÍENSIS
ORYZAEPHTLUS PUPA 27.0 5O.O 77 5.0 72 lOO JAY E,G. 1983
ST'RINAMENSTS
ORYZAEPHILUS PUPA 31,0 5O.O 77 5.0 72 lOO JAY E.G, 1983
SI'RlNAMENSTS
CRYPTOLESTES A.DIJLT 2.5 60.0 77 6.0 24 8 WHITE ET AL. 1987
FERRUGINEUS
CRYPTOLESTES ADULT ].0,0 60.0 77 9.0 24 12 I{HITE ET AL. 1987
FERRUCINEUS
CRYPTOLESTES ADULT 2.5 60.0 79 8.0 168 32 I,THITE ET AL. 1987
FERRUGINEUS
CRYPTOLESTES A-DULT LO.O 62,0 80 O.O 48 7 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADI'LT 10.O 62,0 80 O.O 96 52 RA}4ESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES A-DULT 1O.O 62.0 80 O.O 24 1 RAMESHBASU 1989
FERRUCINEUS ET AL.
CRYPTOLESTES ADULT 10.O 74.0 80 O.O 24 O RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 74.0 80 O.O 96 34 RAITÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 74,0 80 O.O 48 3 RAMESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ]-O.O 83.0 80 O.O 48 4 RÂMESHBASU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 10.0 83.0 80 0.0 24 4 R.AT,ÍESHBASU 1989
FERRUGINEUS ET AL.
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CRYPTOLESTES A-DULT 1O.O 83,0 80 O.O 96 31 RAMESHBA.BU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 15.0 62.0 80 O.O 84 55 RA.I'ÍESHBABU 1989
FERRUCTNEUS ET AL.
CRYPTOLESTES A-DULT 15.0 62.0 80 O.O 48 8 RAI'fESHBABU 1989
FERRUCTNEUS ET AL.
CRYPTOLESTES ADULT 1-5.0 62.0 80 O.O 72 32 RAMESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 15.0 62.0 80 O.O 24 O RAT,IESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 62.0 80 O.O 96 76 RAMESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 74.0 80 O.O 24 3 RAMESH-BA3U ],989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 15.0 74.0 80 O.O 60 18 RAMESHBA3U 1989
FERRUGINEUS ET AL,
CRYPTOLESTES A-DULT 15.0 74.0 80 O.O 96 75 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 15.0 74.0 80 O.O 72 25 RA¡IESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 74.0 80 O.O 48 6 R.A.IIESHBABU 1989
FERRUGINEUS ET AL,
GRYPTOLESTES A_DULT 15.0 74.0 80 0.0 84 54 RSÌÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 80 O.O 84 46 RAMESHBABU 1989
FERRUGÏNEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 80 O.O 48 18 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 80 O.O 24 5 R.AÌ,TESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 80 O.O 72 20 RÁMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15,0 83.0 80 O.O 96 75 RÁ.ITESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ].5.0 83,0 80 O.O 60 18 RAI'ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 62,0 80 O.O 84 75 RAHESHBA.BU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES A-DULT 2O.O 62.0 80 O.O 48 3 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 2O,O 62.0 80 O.O 72 35 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 2O.O 62,0 80 O.O 96 77 R¡.I{ESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES AÐULT 2O,O 62.0 80 O.O 24 8 RAI,ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 74,O 80 O, O 24 O RA.I.IESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20.O 74,0 80 O,O 96 79 RAMESHBASU 1989
FERRUGINEUS ET AL.
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CRYPTOLESTES ADULT 20,O 74,0 80 O.O 60 ].6 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 20,O 74,0 80 O.O 72 23 RA}4ESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20,O 74,0 80 O.O 48 3 RA}ÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 74,0 80 O.O 84 69 RAMESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20.O 83.0 80 O.O 48 I RAMESHBASU ].989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 80 O.O 84 65 RAMESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 2O.O 83.0 80 O.O 96 31 RAI'ÍESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 80 O.O 72 22 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 83.0 80 O.O 24 ]. RA}IESHBABU ]-989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20.O 83.0 80 O.O 96 75 RAMESHBASU 1989
FERRUCTNEUS ET AL.
CRYPÎOLESTES ADULT 2O.O 83,0 80 O.O 60 11 RAMESHBA-BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 1O.O 62.0 80 O.O 24 20 RÁMESHBA-BU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES EGG 1O.O 74.0 80 O.O 24 15 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 1O.O 74.0 80 O.O 96 50 RÁMESHBABU 1989
FERRUGINEUS ET AL.
oRYPToLESTES Ecc 10.0 74.0 80 0.0 48 45 RAì,fESHBASU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES EGG 1O.O 83.0 80 O,O 48 35 Fé]'TESHBABU 1989
FERRUGINEUS ET AL.
CRYPToLESTES Ecc 10.0 83.0 80 0.0 96 40 RAUESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGc 10.0 83.0 80 0.0 24 L5 RAMESHEASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 20,O 62.0 80 O.O 48 50 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EcG 20.0 62.0 80 0.0 24 35 R.AüESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 20.O 62.0 80 O.O 96 80 RAMESHBABU 1989
FERRUGINEUS ET AI..
CRYPTOLESTES EGG 20,O 74,0 80 O.O 96 65 RAMESHBAAU 1989
FERRUGTNEUS ET AL.
GRYPToLESTES EGc 20.0 74.0 80 0.0 24 30 RAÌ'IESHBASU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES EGC 2O.O 74,0 80 O.O 48 35 RAMESHBA¡U 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES EGG 20.O 83.0 80 O,O 48 30 RAMESHBASU 1989
FERRUGINEUS ET AL.
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CRYPToLESTES EGc 20.0 83.0 80 0.0 24 20 RAüESHBASU 1"989
FERRUGINEUS ET AL.
EPHESTIA KIJHENILLA EGG 15.0 O.O 80 O.O 120 90 BELL C.H. 1983
CRYPTOLESTES ADULT 1O.O 62.0 80 4.0 84 53 RAI.ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT IO.O 62.0 80 4,0 48 12 RAMESHBA8U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 62,0 80 4.0 60 20 RA},IESHBABU 1989
FERRUGÏNEUS ET AL.
CRYPTOLESTES ADULT IO.O 62.0 80 4.0 96 66 RAMESHBA3U 1-989
FERRUGINEUS EÎ AL.
CRYPTOLESTES AÐULT 1O.O 62.0 80 4.0 24 1 RAMESHBABU 1989
¡.ERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 62.0 80 4.0 72 39 RÁI'ÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 74.0 80 4.0 24 3 RAíESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O,O 74.0 80 4.0 60 14 R.AMESHBA¡U L989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 74.0 80 4.0 96 56 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 74.0 80 4.0 72 23 RÁMESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 1O.O 74.0 80 4.0 48 8 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 1O.O 74.0 80 4.O 84 19 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 1O.O 83,0 80 4.O 84 26 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT TO.O 83,0 80 4.0 48 2 RAI,ÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ].0.0 83,0 80 4,0 24 4 RAT.ÍESHBABU ]-989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 1O.O 83.0 80 4.0 96 55 RA},IESHBABU 1989
FERRUCINEUS ET AL.
CRYPTOLESTES A-DULT 1O.O 83.0 80 4.0 72 19 RÁMESHBATU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 62.0 80 4.O 48 27 RÁMESHBA.BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 15.0 62.0 80 4.0 84 27 RJMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 62.0 80 4.0 60 25 RAMESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES AÐULT 15.0 62.0 80 4.0 24 6 RÁMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT I5.O 62.0 80 4.0 72 27 RA.I,IESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 62.0 80 4.0 96 69 RAMESHBA¡U 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES AÐULT 15,0 74,0 80 4.0 72 26 RAMESHBABU 7989
FERRUGTNEUS ET AL,
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CRYPTOLESTES ADULT 15.0 74.0 80 4.0 24 6 R.AMESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES A-DULT 75,0 74,0 80 4.0 60 25 RÁ}ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 74.0 80 4.0 96 68 RAMESHBABU ].989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT L5,O 74,O 80 4.0 48 19 R¡MESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ].5.0 74.0 80 4.0 84 31 RAMESHBA-BU 1989
FERRUGINEUS ÐT AL.
CRYPTOLESTES ADULT ].5.0 83.0 80 4.0 84 29 RA.ItIESHBASU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 80 4.0 48 ].0 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 80 4.0 24 2 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 80 4.0 60 20 RÁMESHBA3U ].989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 15.0 83,0 80 4.0 72 29 RAMESHBABU 1989
FERRUGTNEUS ET AT,.
CRYPTOLESTES ADULT 15.0 83,0 80 4.0 96 60 RA}TESHBA.BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 2O.O 62.0 80 4,0 48 12 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A.DULT 2O.O 62.0 80 4.0 84 66 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20.O 62.0 80 4.0 72 34 RAI'IESHBABU 1989
FERRUCINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 62.0 80 4.0 24 1 RAMESHBABU 1989
FERRUGTNEUS ET AL,
CRYPTOLESTES ADULT 2O.O 62.0 80 4.0 60 25 RAMESHBA.BU 1989
FERRUGTNEUS ET AL,
CRYPTOLESTES ADULT 2O.O 62.0 80 4.0 96 73 RAMESHBA-BU ].989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 74,0 80 4.0 72 31 RA.I{ESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 74.0 80 4.0 60 T4 RAI,fESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 74.O 80 4.0 24 2 RAMESHBASU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 2O,O 74.0 80 4.0 96 80 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 74.0 80 4.0 48 6 RAMESHBAAU ].989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 74.O 80 4.0 84 69 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 80 4.0 48 7 RAI,fESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 2O.O 83.0 80 4.0 84 43 RAMESHBA3U 1989
FERRUGINEUS ET AL.
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CRYPTOLESTES A.DULT 2O.O 83.0 80 4.0 72 29 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 80 4.0 24 3 RA}ÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPToLESTES A-DULT 20 . 0 83 . 0 80 4. 0 96 50 RA.Ì'íESHBA_BU t-989
FERRUGINEUS EÎ AL.
CRYPTOLESTES EGG 1O.O 62.0 80 4.0 48 IO RAMESHBASU 1989
FERRUCTNEUS ET AL.
CRYPTOLESTES Ecc 10.0 62.0 80 4.0 96 60 RA¡4ESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 1O.O 62.0 80 4.0 24 O RAMESHBA.BU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES EGG ].0,0 74.0 80 4.0 24 15 RAMESHBABU 1989
FERRUGINEUS ET AL.
GRYPToLESTES Ecc 10.0 74.0 80 4.0 96 40 RAÌ'IESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 1O.O 74.0 80 4.0 48 30 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 1O.O 83.0 80 4.0 48 25 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG ].0,0 83.0 80 4.0 96 30 RAMESHBABU 1989
FERRUGINEUS Eî AL.
CRYPTOLESTES EGG 1O,O 83.0 80 4,0 24 15 RAMESHBA-BU 1989
FERRUGINEUS ET A],.
CRYPTOLESTES ECG 2O,O 62,0 80 4.0 48 20 RAMESHBABU L989
FERRUGINEUS ET AL.
CRYPTOLESTES EGC 2O,O 62.0 80 4,0 24 20 R.AMESHBABU 1989
FERRUGINEUS ET AL.
cRYPTOLESTES EcG 20.0 74.0 80 4.0 96 60 RAÌÍESHBASU L989
FERRUGTNEUS ET AL.
CRYPTOLESTES Ecc 20.0 74.0 80 4.0 24 15 RÁ.r'fEsHBAtu 1989
FERRUGINEUS ET AL,
GRYPTOLESTES Ecc 20.0 74.0 80 4.0 48 15 Rj.I'TESHBABU 1989
FERRUGINEUS ET AL.
0RYPToLESTES Ecc 20,0 83.0 80 4.0 48 20 R3.ì{ESHBA_BU 1989
FERRUGINEUS ET AL.
CRYPToLESTES EGc 20.0 83.0 80 4.0 24 5 R.AÌ'ÍESHBABU 1989
FERRUGINEUS ET AL.
TRIBOLIUI'Í ADULT 26,7 4I ,O 80 4.0 44 95 ALINIAZEE T. 1971
CASTANEUM
TRTBOLII'M CONzuSUM ADULT 26,7 4I ,O 80 4,0 48 95 ALINIAZEE T. 1971
CRYPTOLESTES EGG 20.O 62.0 '80 4.0 96 60 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 1O.O 62.0 80 8.0 84 59 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 10.0 62.0 80 8.0 48 18 R3.Ì'ÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT ].0.0 62.0 80 8.0 24 3 RAMESHBA.BU ].989
FERRUGINEUS EÎ AL.
CRYPTOLESTES ADULT 1O.O 62.0 80 8.0 72 43 RA.ì,IESHBABU 1989
FERRUGINEUS ET AL,
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CRYPTOLESTES ADULT 1O.O 62.0 80 8.0 60 33 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 62.0 80 8.0 96 77 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT IO.O 74.0 80 8.0 ]2 39 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 74.0 80 8.0 24 I RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 1O.O 74.0 80 8.0 96 70 RÁMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULJ 1O.O 74.0 80 8.0 60 30 RÁMESHBABU L989

ET AL.FERRUGÏNEUS
CRYPTOLESTES ADULT ]-O.O 74.0 80 8.0 48 16 RAMESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT ]-O.O 74.0 80 8.0 84 5I RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT IO.O 83.0 80 8.0 48 5 R}.I4ESHBABU 1989
FERRUGINEUS ET AL.
oRYPIoLESTES ADULT 10.0 83.0 80 8.0 84 45 RAI'fESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1.0.0 83.0 80 8.0 72 29 R}¡IESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADTJLT 1O.O 83.0 80 8.0 24 O RAMESHBABU 1989
FERRUCINEUS ET AL.
CRYPTOLESTES ADULT 10.O 83.0 80 8.0 96 61 RAMESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 15.0 62.0 80 8.0 84 52 RAI'IESHBABU 1989
FERRUGTNEUS Eî AL,
CRYPTOLESTES A-DULT 15.O 62.0 80 8.0 48 9 RA¡,ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ]"5.0 62,0 80 8.0 24 O RAMESHBABU 1989
TERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 15.0 62.0 80 8.0 96 70 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTÐS ADULT 15.0 62,0 80 8.0 60 26 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 62.0 80 8,0 72 29 RAMESHBABU ].989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 15.0 74.0 80 8.0 60 23 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 74.0 80 8.0 72 30 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 74.0 80 8,0 24 O RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 15.0 74.0 80 8.0 96 64 RAI'fESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES AÐULT 15,0 74.0 80 8.0 48 11 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 74,0 80 8.0 84 49 RA¡.{ESHBA-BU 1989
FERRUGINEUS ET AL,
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CRYPTOLESTES A-DULT 15.0 83.0 80 8.0 84 38 RAMESHBABU ].989
FERRUGINEUS ET AL.
cRYPloLEsTEs ADULT 15.0 83.0 80 8.0 48 9 RA.Ì'íESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 80 8.0 72 34 RAMESHBA.BU 1989
FERRUGINEUS ET AL.
CRYPToLESTES ADULT L5.0 83.0 80 8.0 96 48 R.A"tÍESHBAAU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ]-5.0 83.0 80 8.0 24 O RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 62,0 80 8.0 48 13 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 62,0 80 8.0 84 55 RAMESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 62.0 80 8.0 60 23 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 62,0 80 8.0 24 8 RA}ÍESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 62,0 80 8.0 96 60 RAMESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 2O.O 62,0 80 8.0 72 45 RA.IÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 74,0 80 8.0 96 53 R.A.I,ÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 74.0 80 8.0 24 3 RAIiÍESHBASU ]-989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20.O 74.0 80 8.0 72 40 R.AI,IESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20,O 74.0 80 8.0 60 2]. RA.I,{ESHBAsU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 20.O 74.0 80 8.0 84 49 RAI,IESHBA3U ].989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20.O 74.0 80 8.0 48 9 RÁ.T{ESHBASU ]-989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 80 8.0 84 45 RA},IESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 80 8.0 48 4 RAMESHBA¡U 1989
FERRUGINEUS EÎ AL.
CRYPToLESTES ADULT 20.0 83.0 80 8.0 96 49 RSÌIÍESHBABU 1989
FERRUGINE1JS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 80 8.0 72 36 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 83.0 80 8.0 24 O R.åMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG ].0.0 62,0 80 8,0 48 45 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPToLESTES Ecc 10.0 62.0 80 8.0 96 60 RAIÍESHBASU 1989
FERRUGINEUS ET AL.
EPHESTIA CAUTELIA EGG ].5,0 O.O 80 16,0 96 90 BELL C.H. 1983
SITOPHILUS AÐULT 26.6 O.O 80 16.0 48 95 LTNDGREN & 1970
GRANARIS VINCENT
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SITPHILUS ORYZAE ADULT 26.6 O.O 80 16,0 20 95 LINDGREN & 1970
V]NCENT

CRYPTOLESTES ADULT 2.5 60.0 81 5.5 168 44 WHITE ET AL. 1987
FERRUGINEUS
SITOPHILUS ADULT 4,4 O.O 83 4.]. 168 91 ¡REDRICK ET Lg]O
GR¡NARIUS AL.
SITOPHILUS A-DULT 4,4 O.O 83 4,I 72 71 FREDRICK ET L97O
GRÁNARIUS AL,
TROGODERMA ADULT 4,4 O.O 83 4,T 72 53 ¡REDRICK ET L97O
GLABARUM AL.
TROGODERMA ADULT 4,4 O.O 83 4.1- 168 98 FREDRICK ET 1970
GLABARUM AL.
TROGODERMA I"ARVA 4.4 O.O 83 4.1 ]-68 56 FREDRICK ET 1970
GI^A,BARI]M AL.
TROGODERMA LARVA 4.4 O.O 83 4,L 72 22 FREDRTCK ET 1970
GI,ABARUM AL.
SITOPHILUS ADULT ].5.6 O.O 84 4.2 72 1OO FREDRICK ET L97O
GRANARIUS AL.
STTOPHILUS ADULT 15.6 O.O 84 4,2 168 1OO FREDRICK ET 7970
GRANARIUS AL.
TROGODERMA ADULT ].5.6 O.O 84 4.2 72 1OO FREDRICK ET I97O
GI,ABARUM AL.
TROGODERMA AÐULT ].5.6 O.O 84 4.2 T68 1OO FREDRICK ET 1970
GLABARUM AL.
TROGODERMA I^ARVA 15.6 O.O 84 4.2 L68 98 FREDRICK ET 7970
GI.ABARUM AL.
TROGODERMÀ I¿RVA 15,6 O,O 84 4,2 72 63 FREDRICK ET T97O
GIA,BARU}Í AL.
PLODIA I^ARVA 38.2 62.0 85 3.5 168 100 HARETN p.K. 1968
INTERPI'NCTELT¿, & A. F. PRESS
PLODIA IARVA 38.2 62.0 85 3.5 336 100 HÁ,REIN p.K. 1968
ÍNTERPi'NCTELI,A & A. F. PRESS
TRIBOLIUM A-DULT 38.2 62.0 85 3.5 336 ].OO HARETN P.K. 1968
CASTANEI'}4 & A. F. PRESS
TRIEoLIul.f AÐULT 38.2 62.0 85 3.5 168 100 HAREIN p.K. 1968
CASTANEIJI{ & A. F. PRESS
TRTBOT,IIJÌ{ T"ARVA 38.2 62.0 85 3.5 336 100 HAREIN p.K. 1968
CASTANEIJ}I & A. F. PRESS
TRTBOLIW IARVA 38.2 62.0 85 3.5 168 100 HAREIN p.K. 1968
CASTANEUM & A. F. PRESS
SITOPHILUS ADULT ].5.6 O,O 86 2,9 L68 ].OO TR.EDRTCK ET 1970
GRANARTUS AL.
SITOPHIIUS ADULT 15.6 O.O 86 2.9 72 1OO FREDRICK ET I97O
GRANARIUS AL.
TROGODER¡IA ADULT 15.6 O.O 86 2,9 72 72 FREDRICK ET L97O
GI.A.BARUI'I AL.
TROGODERMA ADULT ].5.6 O.O 86 2.9 L68 ].OO ¡'REDRTCK ET L97O
GI^A.BARUI'Í AL.
TROGODERMA I.ARVA 15.6 O.O 86 2.9 72 36 FREDRICK ET T97O
CI.ABARIJM AL.
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TROGODERMA ]-ARVA 15.6 O.O 86 2,9 L68 94 ¡REDRICK ET L97O
CLABARÌJM AL.
PLODIA IARVA 27,T 64,0 86 3.7 T68 1OO HAREIN P.K. 1968
INTERPUNCTELI.A & A. F. PRESS
PLODIA I.ARVA 27,L 64,0 86 3,7 336 lOO HAREIN P.K. 1968
ÏNTERPUNCTELI.A & A. F. PRESS
TRIBOLIIJM ADULT 27,I 64,0 86 3,7 L68 1OO HARETN P.K. 1968
CASTANEIJM & A. F. PRESS
TRIBOLIT'M A-DULT 27.I 64.0 86 3,7 336 1OO HAREIN P.K. 1968
CASTANEUM & A. F. PRESS
TRIBOLTIjÌ'{ I.ARVA 27.L 64.0 86 3,7 168 lOO HARETN P.K. 1968
CASTANEIJM & A. F. PRESS
TRIBOLII'M IARVA 27.1 64,0 86 3,7 336 1OO HAREIN P.K. 1968
CASTANEI'M & A, F. PRESS
PLoDTA IARVA 16.0 67.5 86 3.5 336 100 HARETN p.K. 1968
INTERPIJNCTELI^A & A. ¡'. PRESS
PLODIA IARVA L6.O 67.5 86 3.5 ].68 lOO HAREIN P.K. 1968
INTERPUNCTELLA & A. F. PRESS
TRIBOLTUI.Í ADULT 16.0 67.5 86 3.5 336 lOO HAREIN P.K. 1968
CASTANEIJM & A. F. PRESS
TRIBOLTW ADULT L6.O 67.5 86 3.5 168 IOO HAREIN P.K. 1968
CASTANEUM & A. F. PRESS
TRIBOLTUM I.ARVA L6.O 67,5 86 3.5 336 1OO HAREIN P.K. 1968
CASTANEIJI'Í & A. F. PRESS
TRIBOLIW IARVA L6,O 67.5 86 3.5 336 1OO HAREIN P.K. 1968
CASTANEÌJI'Í & A, F. PRESS
TRTBOL JM IaRVA 16.0 67.5 86 3.5 168 88 I|ARETN p.K. 1968
CASTANEI'M & A. F. PRESS
SITOPHILUS ADULT 26.7 O.O 87 3.5 72 IOO FREDRICK ET L97O
GRANARIUS AL,
SITOPHILUS AIULT 26.7 O.O 87 3.5 168 lOO FREDRICK ET L97O
GRANARIUS AL.
TROGODERMA ADI,LT 26.7 O.O 87 3.5 72 lOO FREDRICK ET L97O
GIÁ.BARUM AL,
TROGODERMA ADULT 26.7 O.O 87 3.5 168 1OO FREDRICK ET L97O
GI.A.BARUM AL.
TROGODER},ÍA IARVA 26,7 O.O 87 3.5 72 99 FREDRICK ET L97O
GIASARIJ]IÍ AL.
TROGODERMA I,ARVA 26,7 O.O 87 3.5 168 lOO FREDRICK ET 1970
GI.A,BARW AL.
TROGODERMA ADULT 25,3 62.0 88 2,0 L68 1OO PRESS L967
GRANARIIJM
TRoGoDERIÍA ADULT 25.3 62.0 88 2.0 L68 89 PRESS 1967
GRANARIi'M
TROGODERHA ADULT 25.3 62,0 88 2.0 168 1OO PRESS L967
GRANARlUM
TRïBoLrUM IARVA 36.0 50.0 89 2.0 24 42 JAy E.c. 1983
GRANARIIJI.Í
TRrBoLlltM pUpA 36.0 50.0 89 2.0 24 61 JAy E.c. 1983
GRANARII'M
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TRÌBOLIUM rARVA 36.0 50.0 89 2.0 24 20 JAy E.c. 1983
VARIABTLIE
TR]BOLIUM PUPA 36.0 5O,O 89 2.0 24 67 JAY E.G. 1983
VAR]A3]LIE
TROGODERMA A-DULT 25,3 62,0 89 2.0 48 67 PRESS T967
GRANARII]M
TROGODERMA ADULT 25,3 62.0 89 2,0 48 30 PRESS L967
GRANARII'I'I
TROGODERMA AÐULT 25.3 62,0 89 2,0 48 4I PRESS L967
GRANARlT'M
CRYPTOLESTES A-DULT 10.O 62.0 90 O.O 48 8 RAMESHBATU T989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 1O.O 62.0 90 O.O 96 57 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 62.0 90 O.O 24 8 R.A}ÍESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT IO.O 74.0 90 O.O 96 35 RÁ},ÍESHBASU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 1O.O 74.0 90 O.O 24 4 RAT.ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPÎOLESTES ADULT 1O.O 74.0 90 O.O 48 5 RÁHESHBA3U 1.989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 83.0 90 O.O 48 7 RAI'ÍESHBA¡U ].989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 1O.O 83.0 90 O,O 24 3 RAI'ÍESHBA.BU 1989
FERRUGÏNEUS ET AL.
CRYPTOLESTES AÐULT 10.O 83.0 90 O.O 96 31 RA}4ESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 15.0 62.0 90 O.O 48 8 RJMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT ].5.0 62,0 90 O.O 84 66 RA]'ÍESHBABU ].989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 15.0 62,0 90 O.O 60 21 RAMESHBASU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 15.0 62.0 90 O,O 96 86 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPToLESTES A_DULT 15.0 62.0 90 0.0 72 41 RA.I{ESHBA3U 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 15.0 62.0 90 O.O 24 4 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 62.0 90 O.O 60 27 RAì'ÍESHBABU ].989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.O 74,0 90 O.O 96 79 RAMESHBABU ].989
F'ERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 15,0 74.0 90 O.O 72 27 RÁIIÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ].5.0 74.0 90 O.O 24 2 RAMESHBABU 1989
FERRUG]NEUS ET AL.
CRYPTOLESTES ADULT 15.0 74.0 90 O.O 60 2I RAMESHBASU 1989
FERRUGINEUS ET AL.
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CRYPTOLESTES ADULT 15.0 74.0 90 O.O 48 4 RAMESHBABU 1989
FERRUCINEUS ET AL.
CRYPTOLESTES A-DULT 15.0 74,0 90 O,O 84 55 RA}ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 90 O.O 48 3 RA.Ì,ÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 90 O.O 84 50 RA},ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 15.0 83.0 90 O.O 96 74 RAMESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 90 O.O 60 12 RAMESHBABU ].989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 90 O.O 24 O RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT I5.O 83.0 90 O.O 72 26 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 62.0 90 O.O 48 21 RAI,ÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 62.0 90 O.O 24 O RAHESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 62.0 90 O.O 96 99 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20,O 62,0 90 O.O 60 13 R.AMESHBABU ].989
FERRUGTNEUS ET AL.
CRYPTOLESTES AÐULT 20.O 74,O 90 O.O 24 3 RAI,IESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 20.O 74,0 90 O.O 96 96 RAMESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 2O.O 74,0 90 O.O 48 5 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 90 O.O 48 7 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADIJLT 2O.O 83.0 90 O.O 24 1 RAI'ÍESHBASU 1989
FERRUGINEUS ET AL.
oRYPTOLESTES EGc 10.0 62.0 90 0.0 48 30 RAI'IESHBASU 1989
FERRUGINEUS ET AL.
oRYPToLESIES EGc l-0.0 62.0 90 0.0 24 20 RAÌ'IESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 1O.O 62.0 90 O.O 96 60 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG ]-O.O 74.0 90 O.O 24 15 RAMESHBABU 1989
FERRUGINEUS ET AL,
cRypToLEsTES Ecc 10.0 74.0 90 0.0 96 65 RA¡4ESHBA3U 1989
FERRUGINEUS ET AI..
CRYPTOLESTES EGG 1O.O 74.0 90 O.O 48 35 RAMESHBABU T989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG ].0.0 83.0 90 O.O 48 30 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ECC 10.O 83.0 90 O.O 24 20 RAMESHBABU L989
FERRUGINEUS ET AL.
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CRYPTOLESTES EGG 1O.O 83.0 90 O.O 96 55 RAMESHBASU 1989
FERRUGINEUS ET AL.
cRypToLEsTES ECG 20.0 62.0 90 0.0 48 30 RåIIESHBA_BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 20.O 62.0 90 O.O 24 30 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 2O.O 62,0 90 O.O 96 85 RAMESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES EGG 20,O 74,0 90 O.O 96 75 RAMESHBA-BU 1989
FERRUG]NEUS ET AL.
cRypToLEslES EGG 20.0 74.0 90 0.0 24 25 RAI.ÍESHBABU 1989
FERRUGTNEUS ET AL.
cRYPTOLESTES EGG 20.O 74.O 90 0.0 48 60 RAT.ÍESHBASU l-989
FERRUG]NEUS ET AL.
CRYPTOLESTES EGG 20.O 83,0 90 O.O 48 60 R.AMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 20.O 83,0 90 O.O 96 55 RAMESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES EGG 20.0 83.0 90 0.0 24 30 RAI.{ESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 2O.O 83.0 90 O.O 96 50 RAMESHBA3U 1989
FERRUCTNEUS ET AL.
CRYPTOLESTES AÐULT 10.O 62.0 90 4,0 48 17 RAMESHBABU 1989
FERRUGINEUS EÎ AI.
CRYPTOLESTES A-DULT 1O.O 62.0 90 4,0 84 6]. RAMESHBA.BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ].0,0 62.0 90 4.0 24 2 RA}ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ].0.0 62.0 90 4.0 96 84 RAMESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADIILT 1O.O 62.0 90 4.0 72 33 B3}IESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 62.0 90 4.0 60 27 RA¡{ESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 7O.O 90 4.0 168 1OO I,¡HTTE ET.AL 1988
FERRUGINEUS
CRYPTOLESTES ADULT 1O.O 74,0 90 4.0 24 1 RAMESHBA-BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 10.0 74.0 90 4.0 96 65 R.A¡ÍESHBASU 1989
FERRUGINEUS ET AL,
CRYPÎOLESTES ADULT 1O.O 74.0 90 4.0 72 30 RAMESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT LO.O 74.0 90 4.0 60 25 RAMESHBABU 1989
FERRUGINEUS ET AL.
GRYPToLESTES A¡ULT 10.0 74.0 90 4.0 48 7 R.A.Ì'fESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A.DULT 1O.O 74.0 90 4,0 84 49 RA}IESHBABU 1989
FERRUG]NEUS ET AL.
CRYPTOLESTES AÐULT 1O.O 83.0 90 4,0 84 33 RA}IESHBABU ].989
FERRUCINEUS ET AL,
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CRYPTOLESTES ADULT 1O.O 83.0 90 4.0 48 4 RAMESHBA-BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 83.0 90 4.0 60 15 RA.I.IESHBABU T989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 10.O 83.0 90 4.0 96 69 RAMESHBATU 1989
FERRUCINEUS ET AL.
CRYPTOLESTES ADULT 10.O 83.0 90 4.0 24 3 R¡}.IESHBABU 1989
TERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 83.0 90 4.0 60 12 RA.ItIESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 10.O 83.0 90 4.0 72 20 RA.I,ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.O 62.0 90 4.0 84 53 RÁ},ÍESHBAAU 1989
FERRUCINEUS ET AL.
CRYPTOLESTES ADULT 15.0 62.0 90 4.0 48 23 RÁI,fESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES A-DULT 15.0 62.0 90 4.0 72 34 RÁMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 62.0 90 4.0 96 75 RAI,ÍESHBABU 1989
FERRUCINEUS ET AL.
CRYPTOLESTES ADULT I5.O 62.0 90 4.0 60 27 RAMESHBA.BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT ].5.0 62.0 90 4.0 24 5 R.AMESHBAAU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 74.0 90 4,0 60 26 R.AI,ÍESHBABU L989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 15.0 74.0 90 4.0 72 29 RA.I,ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADIJLT 15.0 74.0 90 4,0 24 5 RA}TESHBABU 1989
FERRUGINEUS ET AL.
cRYPToLESTES AÐULT 15.0 74.0 90 4.0 96 72 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT I5.O 74.0 90 4.0 84 48 RAHESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 74.0 90 4.0 48 18 R.A},IESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADI'LT 15.0 83.0 90 4.0 84 42 RAMESHBASU ].989
FERRUGINSUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 90 4.0 48 24 R¿.!{ESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 90 4,0 60 19 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ].5.0 83.0 90 4.0 72 20 RÁMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 90 4.0 96 60 RAMESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 15.0 83.0 90 4.0 24 4 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 62.0 90 4.0 84 71 RAMESHBA3U 1989
FERRUGTNEUS ET AL.
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CRYPTOLESTES ADULT 20,O 62.0 90 4.0 48 14 RAMESHBA-BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 62,0 90 4,0 60 25 RA¡,ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20.O 62.0 90 4.0 72 43 RAMESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20,O 62.0 90 4.0 96 97 RAMESHBABU 1989
FERRUCINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 62,0 90 4.0 24 7 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20,O 74,0 90 4,0 96 80 RAI.ÍESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 2O,O 74.0 90 4,0 72 47 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 74,0 90 4,0 24 O RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 74,0 90 4,0 60 22 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20,O 74,0 90 4.0 48 10 RAI,ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 74,0 90 4.0 84 63 RAMESHBA¡U 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 20.O 83.0 90 4.0 48 12 RAMESHBA¡U 1989
FERRUG]NEUS ET AL.
CRYPTOLESTES A¡ULT 2O.O 83,0 90 4.0 84 58 RAI'IESHBABU L989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 2O.O 83,0 90 4,0 60 16 RAI,IESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 83.0 90 4,0 96 77 R.AMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 90 4.O 60 21 RÁMESHBA.BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 2O.O 83.0 90 4,0 24 O RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 90 4.0 72 39 RAMESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 1O.O 62.0 90 4.0 48 15 RAMESHBA3U 1989
FERRUGINSUS ET AL.
CRYPTOLESTES EGG 10.O 62.0 90 4.0 24 10 RAMESHBATU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 1O.O 62.0 90 4,0 96 55 RÁüESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES EGG 1O.O 74.0 90 4.0 24 5 RÁI.IESHBABU 1989
FERRUG]NEUS ET AL,
CRYPTOLESTES EGG 1O.O 74.0 90 4.0 96 50 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPToLESTES Ecc t_0.0 74.0 90 4.0 48 15 RA]IESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 1O.O 83,0 90 4.0 48 15 RAMESHBASU 1989
FERRUGINEUS ET AL,
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CRYPTOLESTES EGG 1O.O 83.0 90 4.0 96 35 RAMESHBABU L989
FERRUGTNEUS ET AL.
CRYPTOLESTES EGG ].0.0 83.0 90 4,0 24 5 RAíESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGC 2O.O 62,0 90 4.0 48 15 RAMESHBABU T989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 2O,O 62,0 90 4.0 24 5 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES EGG 2O,O 62,0 90 4.0 96 70 RAMESHBABU 1989
FERRUGINEUS ET AL.
cRyplol,EsrEs Ecc 20.0 74.0 90 4.0 96 60 RA¡,ÍESHBABU 1989
FERRUGINEUS ET AL.
cRyproI.EsrEs EcG 20.0 74.O 90 4.0 24 15 RAÌ'IESHBABU 1989
FERRUG]NEUS ET AL.
cRypToLEsTEs EGc 20.0 74.O 90 4.0 48 15 RAI'IESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ECG 20.0 83.0 90 4.0 48 20 RAMESHBASU 1989
FERRUG]NEUS ET AL.
CRYPTOLESTES EGG 2O.O 83.0 90 4.0 24 5 RAMESHBABU 1989
FERRUGINEUS ET AL.
cRYproLEsTES EGC 20.0 83.0 90 4.0 96 50 RAMESHBASU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES EGG 2O.O 83.0 90 4.0 96 55 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 62.0 90 8.0 84 59 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPToLESTES ADULT 10.0 62.0 90 8.0 48 23 R-A.ì4ESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 62.0 90 8.0 24 4 RA}ÍESHBASU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 1O.O 62.0 90 8.0 96 69 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 62.0 90 8.0 60 29 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADI'LT 1O.O 62.0 90 8.0 72 43 RAMESHBA.BU 1.989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 74.0 90 8.0 96 65 RAMESHBABU 1989
FERRUGINEUS EÎ AL.
CRYPTOLESTES AÐULT 10.O 74.0 90 8.0 24 2 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A.DULT 1O.O 74.0 90 8.0 60 33 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADIJLT 1O.O 74.0 90 8.0 72 36 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 1.0.0 74.0 90 8.0 48 ].3 RAMESHBA3U ],989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 1O.O 74.0 90 8.0 84 47 RÁHESHBA3U 1989
FERRUGINEUS ET AL.
GRYPToLESTES ADULT 10.0 83.0 90 8.0 48 14 RAÌ.IESHBASU 1989
FERRUGINEUS ET AL.
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CRYPTOLESTES ADULT 1O.O 83.0 90 8.0 84 50 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 83.0 90 8.0 60 20 RAMESHBA.BU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 83.0 90 8.0 72 34 RAMESHBA.BU 1989
FERRUCINEUS ET AL.
CRYPTOLESTES ADULT 1O.O 83.0 90 8.0 60 27 RAMESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A¡ULT 10.O 83.0 90 8.0 96 63 RAì.ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A.DULT IO.O 83,0 90 8.0 24 1 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 62.0 90 8.0 48 14 RA.I'ÍESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 62.0 90 8.0 84 66 RAMESHBABU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 15.0 62.0 90 8.0 96 73 R¡.I'IESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ].5.0 62.0 90 8.0 24 O RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 62.0 90 8.0 72 5]. RAÌ,fESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES AÐULT 15.0 62,0 90 8.0 60 25 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15,0 74.0 90 8.0 72 35 RAI.ÍESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT ].5.0 74.0 90 8.0 24 O RAI.IESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOI,ESTES ADULT ].5.0 74.0 90 8.0 60 15 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15,0 74.0 90 8.0 96 65 RAfiESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 74.0 90 8.0 48 3 RÁMESHBA3U ].989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 74.0 90 8,0 84 51 RAMESHBABU 1989
FERRUG]NEUS ET AL.
CRYPTOLESTES A-DULT 15.0 83.0 90 8.0 84 40 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 90 8.0 48 4 RJMESHBA3U ].989
FERRUGINEUS ET AL,
CRYPTOLESTES A.DULT I5.O 83.0 90 8,0 72 33 RAI'ÍESHBABU 1989
FERRUGTNEUS ET AL,
CRYPTOI,ESTES ADULT 15.0 83.0 90 8.0 24 2 RAMESHBA¡U ].989
FERRUCINEUS ET AL.
CRYPTOLESTES ADULT 15.0 83.0 90 8.0 96 54 R.A¡,IESHBABU ].989
FERRUGINEUS ET AL,
oRYPTOLESTES ADULT 15.0 83.0 90 8.0 60 Ll- RA¡1ESHBA3U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 1-5.0 83,0 90 8.0 60 15 RA}ÍESHBASU 1989
FERRUGTNEUS ET AL.



L5 3

Page No. 58
08/L8/89

CONTROLLED ATMOSPHERE STORAGE DATA BASE

INSECT NAME STAGE TEMP R.H. COz 02 EXP HOR AUTHOR YEAR
c8tth8

CRYPTOLESTES ADULT 2O.O 62.0 90 8.0 48 18 RAMESHBABU 1989
FERRUG]NEUS ET AL.
CRYPTOLESTES A-DULI 2O,O 62.0 90 8.0 84 65 R.AMESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 2O.O 62.0 90 8.0 96 81 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O,O 62.0 90 8.0 24 1I RAMESHBA¡U 1-989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 2O,O 62.0 90 8.0 60 37 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 62,0 90 8.0 72 48 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A¡ULT 20,O 74,O 90 8.0 60 34 RÁMESHBA3U ]-989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20,O 74,0 90 8.0 72 45 R¡¡IESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES A-DULT 2O,O 74.0 90 8.0 96 85 RAMESHBA¡U 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULÎ 20,O 74,0 90 8.0 24 8 RAMESHBABU 1989
FERRUGTNEUS ET AL.
CRYPTOLESTES ADULT 20,O 74,O 90 8.0 84 70 R.AMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20,O 74.O 90 8.0 48 20 RAI.IESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 90 8.0 48 ].7 RAMESHBASU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 90 8.0 84 66 RAMESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 90 8.0 60 30 RAI.IESHBASU 1989
FERRUGINEUS ET AL,
CRYPTOLESTES ADULT 2O.O 83.0 90 8.0 24 9 RAI'IESHBAIU 1989
¡.ERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 90 8.0 72 47 RA},IESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 2O.O 83.0 90 8.0 96 81 RA¡TESHBABU 1989
FERRUGINEUS ET AL.
CRYPTOLESTES ADULT 20.O 83.0 90 8.0 60 16 RAMESHBA-BU 1989
FERRUGINEUS ET AL.
SITOPHILUS ADULT 26,6 O.O 90 8.0 50 95 LINDGREN & 1970
GRANARIS VINCENT
SITPHILUS ORYZAE ADULT 26,6 O.O. 90 8.0 24 95 LINDGREN E 1970

VINCENT
ORYZAEPHILUS PUPA 16.0 5O.O 91 2,0 24O 1OO JAY E.G, 1983
SURINAI'IENSIS
oRYZAEPHTLUS PUPA 27.0 50.0 91 2.0 72 100 JAY E.C. 1983
SIJRINAMENSIS
CRYPTOLESTES ADULT ].0.0 60,0 9T 4.0 168 1OO WHITE ET AL. 1987
FERRUGINEUS
SITOPHILUS ADULT 4.4 O.O 91 2.L L68 ].OO FREDRICK ET I97O
GRANARTUS AL.
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SITOPHILUS A-DULT 4,4 O.O 91 2.I 72 49 FREDRICK ET I97O
GRANARIUS AL.
TROGODERMA ADULT 4,4 O.O 91 2.L L68 93 ¡REDRICK ET 1970
GI,ABARIJ}{ AL.
TROGODERMA ADULT 4.4 O.O 91 2.7 72 52 FREDRICK ET 7970
GI¡.BARIiM AL.
TROGODERMA I.ARVA 4,4 O.O 91 2.L 72 82 FREDRICK ET L97O
GI.A.BARUM AL.
TROGODERMA IARVA 4,4 O.O 91 2,L 72 ].2 FREDRICK ET I97O
GI¿.BARI'M AL,
CRYPTOLESTES A-DULT 1O.O 60.0 92 3.0 24 2 IITITE ET AL. 1987
FERRUGINEUS
pLoDrA I-ARVA 38.2 62.0 92 2.0 336 100 HAREIN P.K. 1968
INTERPI'NCTELI.A & A. F. PRESS

PLODIA I.ARVA 38,2 62.0 92 2.0 L68 lOO HAREIN P.K. 1968
TNTERPIJNCTELI,A & A. F. PRESS

TRTBOLIU}I ADULT 38.2 62.0 92 2.0 168 1OO HAREIN P.K. 1968
CASTANEUM & A. F. PRESS

TRTBOLII,M ADULT 38.2 62.0 92 2.0 336 100 H.A.RETN P.K. 1968
CASTANEI'M & A. F. PRESS

TRrBoLrrrM I-ARVA 38.2 62.0 92 2.0 336 100 HAREIN P.K. 1968
CASTANEI'M & A. F. PRESS

TRIBOLIUM I.ARVA 38.2 62.0 92 2,0 T68 lOO HAREIN P.K. 1968
CASTANEIJM & A. F. PRESS

TROGODERMA ADULT 25.3 62.0 92 2,0 96 80 PRESS L967
GRANARlIJM
TROGODERMA AÐULT 25.3 62.0 92 2,0 96 98 PRESS L967
GBANARIIJM
TROGODERMA ADULT 25.3 62.0 92 2.0 96 74 PRESS L967
GRANARlI.IM
PLODIA I.ARVA L6.O 67,5 93 2.0 168 1OO HAREIN P.K. 1968
INTERPI'NCTELI,A & A. F. PRESS

PLoDTA TARVA L6.0 67.5 93 2.0 336 100 H¿,RE]N P.K. 1968
INTERPI'NCTELI,A & A. F. PRESS
SITOPHILUS ADULT 26.7 O.O 93 2.0 ].68 1OO FREDR]CK ET L97O
GRANARIUS AL.
SITOPHILUS A-DULT 26.7 O.O 93 2.0 72 lOO FREDRTCK ET 1970
GRANARIUS AL.
TRTBOLIIJI.Í ADULT 16.0 67.5 93 2.0 336 1OO HAREIN P,K. 1968
CASTANEUI,I & A. F. PRESS

TRIBOLIUM AÐULT L6,O 67,5 93 2.0 168 IOO HAREIN P.K. 1968
CASTANET.IM & A. F, PRESS

TRTBOLTUM IÁRVA 11.6 67.5 93 2.0 336 100 HARETN P.K. 1968
CASTANEIJM & A. F. PRESS

TRIBOLIIJI{ I.ARVA 16.0 67,5 93 2.0 T68 94 HAREIN P.K. 1968
& A, F. PRESSCASTANETJU

TROGODERMA ADULT 26.7 O.O 93 2.0 72 1OO FREDRICK ET 1970
GLABARIJI'I AL.
TROGODERMA ADULT 26.7 O,O 93 2.0 L68 lOO FREDRICK ET L97O
GI¿,BARUM
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TROGODERMA I^ARVA 26.] O.O 93 2.0 768 lOO FREDRICK ET T97O
GT.A,BARIJM AL.
TROGODERMA IARVA 26.7 O.O 93 2.0 72 1OO TREDRTCK ET 1970
GIÀ¡ARIIM AL.
pLoDrA r-ARvA 27.L 64.0 94 1.8 168 100 HARETN P.K. 1968
INTERPIJNCTELI.A, & A. F. PRESS
pLoDrA r-ARVA 27.L 64.0 94 1.8 336 100 HARE]N P.K. 1968

& A. F. PRESSINTERPI'NCTELI^A
TRTBOLIIJ}f ADULT 27,L 64,0 94 1.8 168 1OO HAREIN P.K. ].968
CASTANEIJM & A. F. PRESS

TR]BOLII,M ADULT 27,L 64,0 94 1.8 336 1OO HARETN P.K. 1968
CASTANEUM & A. F. PRESS

TRTBOLII'M I.ARVA 27,L 64,0 94 1.8 168 1OO HAREIN P.K. ]"968
CASTANEI'M & A. F. PRESS

TRTBOLIIJM IARVA 27,L 64.0 94 1.8 336 lOO HAREIN P.K. 1968
CASTANEI'M & A. F. PRESS

CRYPTOLESTES ADULT 2O.O O.O 95 3.0 168 1OO WHITE ET.AL 1988
FERRUGINEUS
SITOPHILUS ADULT 4.4 O.O 96 0.9 72 45 FREDRICK ET T97O
CRANARIUS AL.
SITOPHILUS AÐULT 4.4 0.0 96 0.9 l-68 19 ¡tsEDRICK ET l-970
GRANARIUS AL.
TROGODERMA ADULT 4.4 O.O 96 0.9 72 48 ¡T.EDRICK ET 7970
GIA¡ARUU AL.
TROGODERMA ADULT 4.4 O.O 96 0.9 168 96 FS,EDRICK ET L97O
GI.ASARÌJI,í AL.
TROGODERMA LARVA 4.4 O.O 96 0.9 168 65 FREDRICK ET I97O
GI.ABARUM AL.
TROGODERMA I"ARVA 4.4 O.O 96 0.9 72 7 FREDRICK ET 1970
GIABARI'M AL.
TRTBOLILM A_DULT 27.0 50.0 97 0.6 24 100 JAY E.G. 1983
CASTANEIJM
TRTBOLTTJM IARVA 27.0 50.0 97 0.6 72 99 JAY E.G. 1983
CASTANEUM
TRTBOLIUì'Í PUPA 27.0 50.O 97 0.6 72 100 JAY E.G. 1983
CASTANEU¡'f
CRYPTOLESTES ADULT 2.5 60,0 97 .3,0 24 8 I.THITE ET.AL 1987
FERRUGINEUS
SITOPHILUS ADULT ].5.6 O.O 97 0.7 ].68 1.OO FREDRICK ET L97O
GRANARTUS AL.
SITOPHILUS ADULT 15.6 O.O 97 0.7 72 1OO FREDRTCK ET 1970
GRANARIUS AL.
TROGODERMA ADULT 15.6 O.O 97 0,7 72 1OO FREDRICK ET I97O
GLABARI'M AL.
TROGODERMA ADT'LT 1.5.6 O.O 97 0.7 ]-68 ].OO FREDRICK ET L97O
GLABARIIM AL.
TROGODERIIA IARVA 15.6 O.O 97 0,7 72 83 FREDRTCK ET 1970
GI.A,BARIJM AL.
TROGODERMA I.ARVA 15.6 O.O 97 0.7 T68 96 FREDRICK ET L97O
GI.A,BARIJM AL.
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ORYZAEPHILUS PUPA 16.0 5O.O 98 0,3 72 lOO JAY E.G. 1983
SURINAMENSIS
oRYZAEPHTLUS pUpA 27.0 s0.0 98 0.3 48 100 JAy E.C. 1983
suRlNA.I'IENSIS
oRyzAEpHrLUS pUpA 32.0 50.0 98 0.3 L7 100 JAy E.c. L983
SI'RINA.¡,f ENSIS
SITOPHTLUS ADULT 26,7 O.O 98 0.5 72 lOO FREDRICK ET I97O
GRANARIUS AL.
SITOPHILUS ADULT 26.7 O.O 98 0.5 168 1OO FREDRICK ET I91O
GRANARIUS AL.
TROGODERMA ADULT 26,7 O,O 98 0.5 168 IOO FREDRICK ET I97O
GI¿.BARI'M AL.
TROGODERMA ADULT 26,7 O,O 98 0.5 72 lOO FREDRICK ET L97O
GIABARUM AL.
TROGODERMA I.ARVA 26,7 O.O 98 0.5 72 1OO FREDRTCK ET L97O
GI"A,¡ARU},Í AL.
TROGODERMA LARVA 26,7 O.O 98 0.5 ].68 lOO FREDRTCK ET L97O
GLABARI'M AL.
TRIBOLIIJM ADULT 27.0 38,0 98 2.0 36 lOO ALINIAZEF, T. L97L
CASTANEUM
TRTBOLIUM CONF'IJSIJM ADULT 27,0 38.0 98 2,0 36 1OO ALINIAZEE T. L97L
EPHESTTA CAUTELIA AÐULT 27.0 66,0 99 0.3 48 1OO JAY E.G. 1983
EPHESTIA CAUTELI¿, EGG 27.O 66,0 99 0.3 72 lOO JAY E.G. 1983
EPHESTIA CAUTELIÁ' IARVA 27,O 66,0 99 0.3 160 1OO JAY E.G. 1983
EPHESTIA CAUTELI¿, PUPA 27,O 66.0 99 0.3 48 ]-OO JAY E.G. 1983
TRIBoLTW A_DULT 27.0 66.0 99 0.3 72 100 JAy E.c. 1983
CASTANEI'M
TRÏBOLIUM EGG 27,0 66,0 99 0.3 72 IOO JAY E.G, 1983
CASTANEIJM
TRTBOLTTJT'f T,ARVA 27 .O 66.0 99 0.3 48 100 JAy E.c. 1983
CASTANEIIM
TRTBOLIUM PUPA 27,0 66,0 99 0.3 96 1OO JAY E.G. 1983
CASTANEl'M
TRIBoLIUT{ LARVA 36.0 50.0 99 0.3 24 100 JAy E.c. 1983
GRANARII'M
TRTBOLnJM pUpA 33.0 s0.0 99 0.3 48 100 JAy E.c. 1983
GR.ANARIIJM

TRIBOLTI'M PUPA 33.0 5O.O 99 0.3 24 92 JAY E.G. 1983
GRANARIIJ}'f
TRIBoLIW pUpA 36.0 50.0 99 0.3 24 100 JAy E.c. 1983
GRANARIIIM
TRTBOLnTM pUpA 38.0 50.0 99 0.3 16 100 JAy E.G. 1983
GRANARII'M
TRTBOLTUM rARVA 36.0 50.0 99 0.3 24 100 JAy E.c. 1983
VARIAB]LIE
TRIBOLIIJM PUPA 33.0 5O.O 99 0.3 24 87 JAY E.G. 1983
VARIABILIE
TRIBOLIIJM PUPA 33.0 5O.O 99 0.3 48 lOO JAY E.G. 1983
VARIAB I LI E
TRTBOLIW pUpA 36.0 50.0 99 0.3 24 100 JAy E,c. 1983
VARTAS I LI E
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TRIBOLIIiM
VARIA.BILIE
TRIBOLlTIM
VARIASILIE
PLODIA

24 IOO JAY E.G38.0 s0.0 99 0. 3

38.0 50.0 99 0, 3

26.7 40.L 99 1.0

33.0 50.0 99 1.0

33.0 50.0 99 1.0

33 .0 50.0 99 1.0

33 .0 s0.0 99 1.0

38.0 50. 0 99 1.0

38.0 s0.0 99 1.0

26.7 38.0 100 0.0

ls.6 4r-.0 100 0.0

26.7 38 .0 100 0.0
15.6 4l-.0 100 0.0
26 .6 0.0 100 0.0

ls. 6 38.0 100 0.0

1s.6 38.0 100 0.0

1s. 6 38.0 100 0.0

r-5.6 38 .0 100 0.0

15. 6 38.0 100 0.0

15.6 38 .0 100 0.0

ls. 6 38.0 100 0.0

21.1 38.0 100 0.0

21.1 38 .0 100 0.0

2r..1 38.0 100 0.0

21. 1 38.0 r"00 0.0

21.1 38.0 100 0.0

r57
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1983PUPA

PUPA

ADULT
INTERPUNCTELLA
TRTBOL]UM I.ARVA
GR.ANARIUM
TR]BOLIUM IÀRVA
GR¡NARIUM
TRIBOLIUM I.ARVA
GR.ANARIUM
TRTBOLIIJM IÁRVA
VARTA-BILTE
TRIBOLIIIM I.ARVA
VARIAAILlE
TRIBOLII'M IARVA
VARIABILIE
TRIBOLIW AÐULT
CASTANEUM
TRIBOLIIII'I PUPA
CASTANEIIM
IRIBOLII'M CONFUSIIM A-DULT
TRIBOLIIJM CONFUSUM PUPA
STTOPHILUS AÐULT
GRANARIS
TRIBOLII'M A-DULT

16 93 JAY E.G. 1983

72 100 SoDERSTORM 1982
ET.AL

48 97 JAY E.C. 1983

24 90 JAY E.G 1983

24 100 JAY E.c. 1983

24 73 JAY E.c. 1983

24 16 JAY E.c. 1983

24 100 JAY E.c. 1983

18 IOO ALTNIAZEE T, 797L

36 17 ALTNIAZEE T. T97I

18 1OO ALINIAZEE 1. T97L
36 13 ALINIAZEE T. 1971
84 95 LINDGREN & I97O

VINCENT
18 6 ALINIAZEE T. 1971

36 99 ALIN]AZEE '1,. L97L

24 30 ALINIAZEE T. L97L

30 77 AT.IN]AZEE 1, L971

42 99 ALINIAZEE T. 1971

48 1OO ALINIAZEE T, I97L

60 1OO ALINIAZEE 1. I97L

15 44 ALINIAZEE T. ].971

36 1OO ALINIAZEE 1. L97L

24 97 ALTNIAZEE T. 1971

30 99 AL]NIAZEE T, L97L

].8 86 ALINIAZEE 1. L91L

CASTANEIJ}I
TRIBOLIU},I
CASTANEU}{
TRIBOL]IJI'I
CASTANEUl'f
TRIBOLIIJI'T
CAS TANEIJM

TRIBOLIIJI,f
CASTANEuM
TRIBOLlUM
CAS TANEIIM
TRIBOLIIJM
CASTANEUM
TRIBOLIIJM
CASTANEI.IM

TRIBOLIUM
CASTANEI'M
TRIBOLIllM
CASTANEUM
TRIBOLIUM
CAS TANEIJH
TRTBOLIUl'f
CASTANEUM

ADULT

ADULT

ADULT

AÐULT

ADULT

ADIILT

ADULT

ADULT

ADULT

ADULT

AÐULT
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TRIBOLIUM
CASTANEUM
TRTBOLIUM
CASTANEUM
TRIBOLIIJM
CASTANEUM
TRlBOLÏUM
CASTANEIIM
lRIBOLIUM
CASTANEUH
TRIBOL]UM
CASTANEUM
TRIBOLTUM
CASTANEUM
TRIBOLIT]M
CASTANEI'M
TRIBOLIIJM
CASTANEIJM
TRlBOLIUM
CASTANEI'M
TRIBOLII.IM
CASTANEI'H
TRIBOLTIIM
CASTANEIIM
TRIBOLlUM
CASTANEIJM

TRIBOLIUM
CASTANEl]M
TRlBOLIUM
CASTANEI'}f
TRIBOLlUM
CASTANEi]M
TRlBOLII'M
CASTANEIJl'f
TRIBOLTlJl'l
CAS TANET'M

TRIBOLII'M
CASTANEI,l'l
TRIBOLII'}f
CASTANEIJI{
TRIBOLIUM
CASTANEU}4

TRIBOLIIIM
CAS TANEUM
TRIBOLII,M
CASTANET'M

TRIBOLIUH
CASTANEl,l'f
TR]BOLIIJl'f
CASTANEIJM

63
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A.DULT 26.7 38.0 100

A_DULT 26. 7 38.0 100

ADULT 26,7 38,O LOO

A_DULT 26.7 38.0 100

ADULT 26,7 38.0 L00

ADULT 26.7 100 100

ADULT 26.7 100 100

ADULT 26.7 t_00 100

ADULT 26.7 100 100

A_DULT 26.7 100 100

Ecc 26.7 38 .0 100

ECG 26.7 41.0 100

ECG 26.7 4L.0 L00

Ecc 26.7 41.0 100

Ecc 26.7 4L.0 L00

LARVA 15 .6 41.0 100

IARVA 15. 6 4L.0 100

iaRvA 15.6 41.0 100

r¿RvA 15. 6 41.0 100

T.ARVA 26.7 4I.O LOo

r¿RvA 26.7 4L.0 L00

LARVA 26.7 4L.O LOo

LARVA 26,7 4L.O LOO

PUPA 15.6 41.0 100

PUPA l-5.6 41.0 100

0.0 9 16 ALÌNIAZEE T. 1971

O.O 15 95 ALINIAZEE T. L97L

O.O 10 46 ALINIAZEE 'I . L97L

O.O L2 83 ALTNIAZEE 1. L971.

O.O 74 93 ALINIAZEE T. 1971

0.0 15 16 ALTNTAZEE T. 1971

O.O 12 3 ALIN]AZEE T, T97L

O.O 30 lOO ALINIAZEE T. 197L

0.0 18 19 ALTNTAZEE 'L t97l

O.O 24 59 ALINIAZEE !, L97L

O.O 48 94 ALINIAZEE T. 1971

O.O 18 33 ALINIAZEE T. 1971

0.0 60 100 ALTNTAZEE L L971

O.O 30 68 ALINIAZEE T. 1971

O.O 36 89 ALINIAZEE 'T. L97I

O.O 18 8 ALINIAZEE T. 1971

O.O 36 27 ALINIAZEE T. 1971

O.O 48 62 ALINIAZEE T, 1971

O.O 72 99 ALTNIAZEE 1, L97L

O.O 30 72 ALINIAZEE T. 197I

O.O 18 69 ALTNIAZEE T, I97T

0.0 12 t1 ALTNTAZEE T. 1971

O.O 42 98 ALTNIAZEE T, T97L

O.O 84 50 ALINIAZEE T, L97L

O.O L44 95 ALTNIAZEE T, L97L
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TRIBOLII'M PUPA
CASTANEIJM
TR]BOLIIIM PUPA
CASTANEUM
TRIBOLIIJM PUPA
CASTANEIJM
TRIBOLITJM PUPA
CASTANEIJM
TRIBOLIUM PUPA
CASTANEUM
TRIBOLIUI{ PUPA
CASTANEUI,Í
TRIBOLIUM PUPA
CASTANEI]M
ÎRIBOLIIJM CONFIJSUM ADULT
TRIBOLIIJI4 CONFUSII}4 ADULT
TR]BOLIW CONIT'SIJI'Í ADULT
TRIBOLIIJM CONFUSIIM AÐULT
TRIBOLII]H CONIUSUM ADULT
TRIBOLIUM CONIUSIIM ADULT
TRIBOLTUU CON¡USUM ADULT
TRIBOL]I'M CONFUSI'M ADULT
TRIBOL]UM CONF'IJSUM ADULT
TRIBOLII]I'Í CONF1JSUM ADULT
TRIBOLI1JM CONT'USUM ADULT
TRIBOLIUM CON¡'IJSI]M ADULT
TRIBOLII'M CONFUSU},I AÐULT
TRIBOLIIJM CONFUSUM A¡ULT
TRIBOLIUM CON¡USIIM ADULT
TRIBOLIUM CONIUSUM ADULT
TRTBOLIIJM CON¡'I'ST'M ADULT
TRIBOLII'M CONF'IJSIJM ADULT
TRIBOLIW CONFI]SUM ADULT
TRIBOLII'M CONF'IJSI'M ADULT
TR]BOLIW CONFTJSI'M ADULT
TR]BOLIW CONF'I'SI'M ADULT
TRIBOLIW CONFIJSUM EGG

TRIBOLIW CONF'IJSI]M EGG

TRIBOLIIJM CONF'TJSIJM EGC

TRIBOLIIJI.Í CONFIJSIJM EGG

TRIBOLII'M CONI'IJSI'M EGG

TRTBOLII'M CONF'I'SIJM I.ARVA
TR]BOLIUM CONF'I]SUM I.ARVA
TRIBOLÏIiM CONFUSIJI,Í LARVA
TRIBOLIW CON¡'I'SIIM I.ARVA
TRIBOLIIJI.I CONFUSIJM IARVA
TRTBOLIU}Í CON¡USIJM LARVA
TRIBOLIUM CONF'I'SUM LARVA

15.6 41.0 100 0.0 48 33 ALTNTAZEE 1. L97r

15.6 41 .0 l-00 0.0 120 78 ALTNTAZEE T. L97L

15.6 41_0 100 0.0 168 100 ALTNTAZEE 1. L97L

26.7 4L.0 L00 0.0

26.t 4L.0 r00 0.0

26.7 4L.0 t00 0.0

26.7 4L.0 LOo 0.0

15 .6 38.0 100 0.0
15 .6 38.0 100 0.0
ls.6 38 .0 100 0.0
1s.6 38 .0 100 0.0
t_5.6 38 .0 100 0,0
15.6 38.0 100 0.0
1"5.6 38.0 100 0.0
21.1 38.0 L00 0.0
21.1 38.0 100 0.0
21.1 38.0 100 0.0
2l.l 38.0 100 0.0
21.1 38 .0 100 0.0
26 .7 38.0 t-00 0.0
26.7 38 .0 100 0.0
26.7 38 .0 100 0.0
26.7 38.0 100 0.0
26.7 38.0 100 0.0
26.7 100 100 0.0
26.7 100 100 0.0
26.7 100 100 0.0
26.7 100 100 0.0
26 ,7 100 100 0.0
26.7 38.0 100 0.0
26.7 4L.0 LOo 0.0
26.7 41 .0 L00 0.0
26.7 4L.0 t00 0.0
26.7 4t.O r00 0.0
rs. 6 41.0 100 0.0
rs. 6 41.0 100 0.0
15.6 41.0 100 0.0
ls.6 41.0 1-00 0.0
26.7 4r.0 100 0.0
26.7 4L.0 LOo 0.0
26.7 4L.0 L00 0.0

18 25 ALINTAZEE 1, L97I

30 56 ALINIAZEE T. L971.

36 79 ALINIAZEE T. 1971

60 ].OO ALTNIAZEE T, T97L

42 89 ALINTAZEE T. 1971
24 13 ALINTAZEE T. ]-97]-
30 52 ALINIAZEE T. I97T
18 1 ALINIAZEE T. 1971
48 98 ALINIAZEE T, 1971
60 1OO ALINIAZEÊ, 'T. L97L
36 85 ALTNIAZEE T. L97L
18 54 ALTNIAZEE 'T. L97T
36 1OO ALTNIAZEE 1, I97L
30 97 ALINIAZEE 1, L97L
15 13 ALINIAZEE 1, L97L
24 88 ALINIAZEE T, I97L
9 ].4 ALINIAZEE T. 1971

L2 46 ALINIAZEE T, 197L
15 98 ALINIAZEE T. 1971
L4 82 ALINIAZEE T. L97L
10 30 ALINIAZEE T. 1971
]-8 36 ALINIAZEE T. 1971
15 27 ALTNIAZEE T. 197].
30 1OO ALINIAZEE 1, L97L
L2 1I ALINIAZEE '1 , L97I
24 80 ALINTAZEE T, L97L
48 92 ALINIAZEE T. 1971
60 t-00 ALTNTAZEE T. 1971
36 80 ALINIAZEE T. 1971
30 72 ALINIAZEE T. 1971
18 31 ALINIAZEE 1, I97L
36 32 ALINIAZEE T, I97I
18 8 ALINIAZEE 1, L97I
72 99 ALIN]AZEE T. I97I
48 91 ALINIAZEE 'T. L97L
42 1-OO ALINTAZEE T, L97L
18 68 ALTNIAZEE T. 1971
30 92 ALINIAZEE T, 1971
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Tab1e. 1. Mean and standard deviation (S.D) of the mortality of
C. ferrugineus adults exposed to various controlled atmospheres.

TEMPERÀTURE CO2 o2 EXPOSURE R.H. MORTALITY S,D

h%%%

N2

10.30 80. 10
10.30 80. 10
10.30 80. 10
10.30 80. 10
10.30 80. 10
10.30 80. 10
10. 30 80. 10
10.30 80. 10
10.30 80. 10
10.43 90. s0
10.43 90.50
10.43 90. s0
10.43 90.50
10.43 90.50
10.43 90.50
10 .43 90. 50
10.43 90.50
10.43 90.50
20.40 89.70
20.40 89.70
20.40 89.70
20.40 89.70
20.40 89.70
20.40 89.70
20 .40 89.70
20.40 89.70
20.40 89.70
20.30 80. 10
20.30 80. 10
20.30 80. 10
20.30 80. 10
20.30 80. 10
20.30 80. 10
20.30 80. 10
20.30 80. 10
20.30 80. 10
20.30 80. 10
20.30 80. 10
20.30 80.10
20.30 80.10
20.30 80. 10
20.30 80.10
20.30 80. 10
20. 30 80. 10

0.00 19.90 24.00
0.00 19.90 24.00
0.00 19.90 24.00
0.00 19.90 48.00
0.00 19.90 48.00
0.00 19.90 48.00
0. 00 1 9. 90 96.00
0.00 1 9. 90 96. 00
0.00 1 9.90 96. 00
0.00 9.50 24.00
0.00 9.50 24.00
0.00 9.50 24,00
0 .00 9.50 48 .00
0 . 00 9.50 48 .00
0.00 9.50 48.00
0 . 00 9. 50 96.00
0.00 9.50 96.00
0.00 9.50 96.00
0.00 31 .40 24.00
0.00 31 .40 24.00
0.00 31 .40 24.00
0.00 31 .40 48.00
0.00 31 .40 48.00
0.00 31.40 48.00
0.00 31.40 96.00
0.00 31.40 96.00
0.00 31.40 96.00
0 .00 19.90 24.00
0 .00 1 9.90 24 ,00
0 .00 19.90 24,00
0 . 00 19.90 48 .00
0 .00 19.90 48 .00
0.00 19.90 48.00
0.00 19.90 60.00
0.00 19.90 60.00
0.00 19.90 60.00
0.00 19.90 72.00
0.00 19.90 72.00
0.00 19.90 72.00
0.00 19.90 84.00
0.00 19.90 84.00
0.00 19.90 84.00
0.00 1 9.90 96.00
0.00 .1 9.90 96.00

61.00 1.00 1

74.00 0.00 0
81 .00 4.00 2
80.00 4.00 0
74.00 3.00 2
63.00 7.00 2
75. 00 34.00 3
81.00 25.00 3
63.00 52.00 4
84.00 3.00 2
75.00 4.00 0
63.00 8.00 4
74.00 7.00 4
82.00 5. 00 2
63.00 8.00 3
81.00 26.00 2
73.00 35.00 4
63.00 57.00 I
80.00 0.00 0
73.00 3.00 2
60.70 0.00 0
80.00 5.00 2
72.00 5.00 2
60.50 18.00 2
80.00 80.00 2
72.50 84.00 3
60.80 99.00 2
80.00 1 .00 2
72.00 0.00 0
61 .00 8.00 3
83.00 1.00 1

74.00 3.00 1

63.20 3.00 2
62.80 13.00 2
73.50 1 6.00 3
82.60 11.00 2
82.50 22.00 3
74.00 23.00 4
61.90 35.00 4
82.00 65.00 4
74,00 69.00 5
62.00 75.00 4
82.00 75. 00 5
74.00 79.00 5

.. continued



.. cont inued Table, 1

TEMPERATURE COz o2 N2 EXPOSURE R.H. MORTÀLITY S.D

20.30 80. 10
20.15 68.60
20,15 68.60
20. 1s 68.60
20,15 68.60
20.15 68.60
20. 15 68.60
20. 15 68.60
20,15 68.60
20. 1s 68.60
20.15 68.60
20. 15 68.60
20.15 68.60
20,15 68.60
20. 15 68.60
20,15 68.60
20,15 68.60
20. 15 68.60
20.15 68.60
15.20 69.60
15.20 69.60
1 5. 20 69.60
1 5. 20 69.60
't s. 20 69. 60
1 5. 20 69.60
1 s.20 69.60
'l 5. 20 69.60
15.20 69.60
15.20 69.60
15.20 69 .60
15.20 69.60
1s.20 69.60
15.20 69.60
1s.20 69.60
15.20 69.60
15.20 69.60
15,20 69.60
15.23 78.20
15.23 78.20
15,23 78.20
15.23 78.20
15.23 78.20
1s.23 78.20
15.23 78.20
15,23 78.20

0.00 19. 90 96.00
0.00 10.30 24.00
0.00 10. 30 24 . 00
0.00 10.30 24,00
0.00 1 0. 30 48. 00
0.00 1 0. 30 48. 00
0.00 1 0. 30 48. 00
0.00 10. 30 60. 00
0.00 10. 30 60. 00
0.00 10,30 60.00
0.00 10.30 ?2.00
0.00 10.30 72.00
0.00 1 0. 30 72.00
0.00 1 0. 30 84. 00
0.00 10.30 84.00
0.00 10.30 84.00
0.00 1 0. 30 96.00
0. 00 1 0, 30 96.00
0. 00 '1 0. 30 96.00
0.00 30.40 24.00
0.00 30.40 24.00
0.00 30.40 24.00
0.00 30.40 48.00
0.00 30.40 48.00
0.00 30.40 48.00
0.00 30.40 60.00
0.00 30.40 60.00
0.00 30.40 60.00
0.00 30.40 72.00
0.00 30.40 72,00
0.00 30.40 72.00
0.00 30. 40 84. 00
0.00 30.40 84.00
0.00 30.40 84. 00
0.00 30.40 96. 00
0.00 30.40 96. 00
0.00 30 .40 96. 00
0.00 21 .80 24.00
0.00 21.80 24.00
0.00 21 .80 24.00
0.00 2 l .80 48. 00
0.00 21 .80 48.00
0.00 21 .80 48.00
0.00 21 .80 60.00
0.00 21.80 60.00

77.00 5
6.00 3
5.00 3
4.00 3

12.00 3

5.00 2
6,00 4
7.00 4

12.00 3
15.00 2
20.00 3
17.00 2
20.00 2
58.00 4
30.00 4
23.00 4
49.00 3
44,00 4
28.00 3

0.00 0
0.00 0
3.00 2
5.00 2
3.00 2
7.00 2
7.00 2

14.00 3
17.00 2
19.00 2
37.00 2
34.00 3
28.00 3
37.00 2
29.00 3
4s.00 3
40.00 3
38.00 2
40.00 0
3.00 4
0.00 3
5.00 4
6.00 3
8.00 0

18.00 3
18.00 3

63.90
82.00
72,70
51 .80
60.90
71.80
81 .70
83.00
74.00
63.00
82.00
73.00
62.50
62.50
73.00
82.00
61.90
72.50
81 .90
83.70
74.90
63. 10
83.00
74.50
62,90
82.50
74.00
62.50
82.00
74,00
62.00
82.00
74.00
62.00
61.90
73.50
81.90
81.90
73.60
62.00
81.80
73.00
62.00
81 .80
73.00

c ont i nued
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. continued TabIe. 1

TEMPERATURE CO2

c%
02 N2

/õ /6

EXPOSURE R. H. MORTÀL]TY S.D

to/olol

15.23 78.20
15.23 78.20
15.23 78.20
15.23 78.20
15.23 78.20
15.23 7I .20
15.23 78 ,20
15.23 78.20
15.23 78,20
15.23 78.20
14.83 59.60
14.83 69,60
'1 4.83 69.60
14.83 69.60
14.83 69.60
14.83 69.60
14.83 69.60
14 .83 69.60
14.83 69.60
14.83 69.60
14.83 69.60
14 .83 69.60
14 .83 69.60
14.83 69.60
14.83 69.60
14.83 69.60
'l 4 .83 69. 60
14.83 69.60
14,98 78.20
14.98 78.20
14.98 78.20
14.98 78.20
14.98 78.20
14.98 78.?0
14,98 78.20
14.98 78.20
14,98 78.20
14.98 78.20
14.98 78.20
14.98 78,20
14.98 78.20
14.98 78.20
14.98 78,20
14.98 78 .20
14.98 78.20

0.00 21.80 60.00 62.00 21.00
0.00 21.80 72.00 73.20 25.00
0.00 21.80 72.00 81.90 20.00
0.00 21.80 72.00 61.90 32.00
0.00 21 .80 84.00 73.00 54.00
0.00 21.80 84.00 81.50 46.00
0.00 21.80 84.00 61.50 55.00
0.00 21 .80 96.00 81 .40 73.00
0.00 21 .80 96.00 73.00 75. 00
0.00 21.80 96.00 61.40 76.00
4.80 25.60 24.00 62.30 L 00
4.80 25.60 24.00 83. s0 0. 00
4.80 25.60 24.00 75. 00 5. 00
4.80 25.60 48.00 62.10 15.00
4.80 25.60 48.00 83.00 4.00
4.80 25.60 48.00 74.80 L 00
4 .80 25.60 60 .00 62.50 21 . 00
4.80 25.60 60.00 83.00 8. 00
4.80 25.60 60.00 74.50 15.00
4.80 25.60 72.00 62.00 30.00
4.80 25.60 72.00 82.90 13.00
4.80 25.60 72.00 74.30 22.00
4.80 25.60 84.00 61.90 50.00
4,80 25.60 84.00 82.90 18.00
4.80 25.60 84.00 74.00 22.00
4.80 25.60 96.00 61.90 75.00
4.80 25.60 96.00 7 4.00 26.00
4.80 25.60 96.00 82.50 23.00
5.00 16.80 24.00 84.I0 2.00
s.00 16.80 24 .00 7s. 00 6. 00
5.00 16.80 24.00 64 . 10 6. 00
5.00 16.80 48 .00 84 . 00 1 0.00
5.00 16.80 48.00 74.90 19.00
5.00 16.80 48 .00 63 .80 27 .00
5.00 16.80 6C.00 83 .80 20. 00
5.00 16.80 60.00 74.60 25.00
5.00 16.80 60.00 63 . 10 25.00
5.00 16.80 72.00 82.90 21.00
5.00 16.80 72.00 74 .00 26,00
5.00 16.80 72.00 63.00 27.00
5.00 16,80 84. 00 83.00 29.00
s.00 16.80 84.00 73.00 31.00
5.00 16.80 84.00 62.00 27.00
s.00 16.80 96.00 83.00 60,00
s.00 16.80 96.00 73.00 68,00

2
3
4
0

't

4
2

3

0
0
)
2

0
3
2
0
2

3
2

3
2
3
4

2
2

3
2
3
2

.. cont i nued



.. continued TabIe. 1

TEMPERATURE co2 o2 N2 EXPOSURE R.H. MORTÀLITY S.D

o/Lo/o/o//ô LL /o /O

'1 4 .98 78.20
20.30 69.60
20. 30 69.60
20 . 30 69.60
20 . 30 69.60
20.30 69.60
20.30 69.60
20.30 69.60
20.30 69.60
20.30 69.60
20.30 69.60
20.30 69,60
20.30 69.60
20.30 69.60
20.30 69.50
20.30 69.60
20. 30 69.60
20. 30 69.60
20. 30 69.60
20.40 79.30
20.40 79.30
20.40 79.30
20.40 79.30
20.40 79.30
20.40 79.30
20.40 79.30
20.40 79.30
20.40 79.30
20.40 79.30
20.40 79.30
20.40 79.30
20.40 79.30
20.40 79.30
20 .40 79.30
20.40 79,30
20 .40 79.30
20.40 79.30
1s.20 88.00
15.20 88.00
15.20 88.00
15.20 88.00
15.20 88.00
1s.20 88.00
1s. 20 88.00
15.20 88.00

5.00 16.80 96.00
4.00 26.40 24.00
4 . 00 26.40 24 .00
4.00 26.40 24,00
4.00 26.40 48.00
4.00 26.40 48. 00
4 . 00 26.40 48 . 00
4 .00 26.40 60. 00
4.00 26.40 60.00
4.00 26.40 60. 00
4.00 26.40 72,00
4.00 26.40 72.00
4.00 26.40 72.00
4.00 26.40 84.00
4.00 26.40 84.00
4.00 26.40 84.00
4.00 26.40 95. 00
4 . 00 26 .40 96. 00
4.00 26.40 96.00
3.50 17.20 24.00
3.50 17 .20 24,00
3.50 17.20 24.00
3.50 17 .20 48. 00
3.50 17 .20 48.00
3. 50 17 .20 48. 00
3.50 17 .20 60.00
3.50 17 .20 60.00
3.50 17 .20 50.00
3 .50 17 .20 72.00
3.s0 17.20 72.00
3.50 17.20 72.00
3.50 1? .20 84.00
3.50 17 .20 84.00
3.50 17 ,20 84.00
3 .50 17 .20 96.00
3.50 17.20 96.00
3.50 17 .20 96.00
0.00 12.00 24.00
0.00 12.00 24,00
0.00 1 2.00 24.00
0.00 12.00 48.00
0.00 12.00 48.00
0.00 12.00 48.00
0.00 12.00 60.00
0.00 12.00 60. 00

62.00 69. 00 3
84.00 1 .00 2
74.50 5.00 2
62.90 4.00 3
83.90 9.00 2
73.80 11.00 2
62.50 7.00 2
82.90 11.00 3
74.60 19.00 2
62.90 20.00 3
82.80 19.00 2
74.30 24,O0 0
62.00 24,00 0
82. 50 35. 00 2

74.60 38.00 3
61 .90 46.00 4
82.50 57.00 2
61 .90 73.00 2
7 4.30 48. 00 4
82.00 3.00 2
74.50 2.00 3
63.20 1 .00 2
81 . s0 7.00 2
74.00 6.00 2
63.00 12. 00 0
81.40 16.00 0
73.80 14.00 3
62.90 25.00 2
73.50 31.00 2
6i .90 34.00 3
81 .00 29,O0 2
61 .90 66.00 2
73.00 69.00 3

81.00 43.00 3
61 .50 73.00 2
72.80 80.00 0
81 .00 s0. 00 3
84.00 0.00 3
73.90 2.00 2
62.80 4. 00 2
83.80 3.00 4
73. 10 4.00 0
62.40 8. 00 4
83.00 12.00 0
72.90 21 .00 4

.. cont inued



.. continued Tab1e. 1

TEMPERÀTURE CO2 o2 N2 EXPOSURE R. H. MORTÀLITY S.D

15.20 88.00
15.20 88.00
15.20 88. 00
15.20 88.00
15.20 88. 00
15.20 88.00
15.20 88.00
15. 20 88.00
15.20 88 .00
15. 20 88 .00
1s. 20 90 .20
15.20 90.20
15.20 90.20
'1 5. 20 90 .20
15.20 90.20
1 s. 20 90. 20
15.20 90.20
15.20 90.20
1s.20 90. 20
15. 20 90.20
15.20 90.20
15.20 90.20
15.20 90.20
15.20 90.20
15.20 90 ,20
15.20 90 .20
15. 20 90.20
15.20 90 .20
10.43 71.10
10.43 71.10
10.43 71.10
10.43 71.10
'1 0.43 71.10
10.43 71.10
10.43 71.10
10.43 71.10
10.43 71.10
10.43 71.10
10.43 71.10
10.43 71.10
10.43 71.10
10.43 71,10
10.43 71.10
10.43 71.10
10.43 71.10

0.00 12.00
0.00 12.00
0.00 12.00
0.00 12.00
0.00 12.00
0.00 12.00
0.00 12.00
0.00 12.00
0.00 12.00
0.00 12.00
4 . 00 s.80
4.00 5.80
4 .00 5.80
4.00 5.80
4 .00 5.80
4.00 s.80
4.00 5.80
4.00 5.80
4.00 s.80
4.00 5.80
4.00 5.80
4.00 s.80
4.00 5.80
4.00 s.80
4.00 5.80
4.00 5.80
4.00 s.80
4.00 5.80
4.90 24.00
4.90 24.00
4.90 24.00
4.90 24.00
4 .90 24.00
4 .90 24.00
4.90 24.00
4.90 24.00
4.90 24,00
4.90 24.00
4.90 24.00
4.90 24.00
4.90 24.00
4.90 24.00
4.90 24.00
4.90 24,00
4.90 24.00

60. 00 62.00
72.00 84.70
72.00 75.00
72.00 62,90
84. 00 84. 1 0
84.00 74.30
84.00 62.00
95. 00 84. 00
96. 00 7 4.00
96. 00 62. 00
24.00 84.00
24.00 7 4.20
24.00 62.00
48.00 83.80
48.00 74.00
48.00 61 .80
60.00 83.50
60.00 73.60
60.00 61.00
72.00 83.00
72.00 73.00
72.00 61.00
84.00 84.40
84.00 74.50
84.00 62.80
96.00 84. 00
96. 00 74. 00
96. 00 62. 00
24.00 83.80
24.00 7 4.00
24.00 62 .80
48.00 83. s0
48.00 74.00
48.00 61 .00
60.00 83.00
60.00 73.50
60.00 60 .20
72.00 82.80
72.00 73.00
72.00 60. 00
84.00 82. 00
84.00 73. 00
84.00 60. 00
96. 00 84. 00
96.00 74.50

.. conL i nued

27.00 2
26.00 3
27.00 2
41.00 2
50.00 4
55.00 2
66.00 2
74.00 2
79.00 2
86.00 2
4.00 3
5.00 3
5.00 3

14.00 2
1 8.00 2
¿J.UU ¿
19. 00 2
26.00 3
27.00 2
20.00 2
29.00 4
34.00 2
42.00 2
48.00 2
s3.00 2
65.00 2
72.00 3
75.00 3
0.00 3
4.00 2
3.00 2
4.00 2
5.00 2
9.00 3

11 .00 2
13.00 3
'1 7.00 2
24,00 3
26.00 3
32.00 0
29.00 2
34.00 2
39.00 3
50.00 2
63.00 0
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.. continued Table. 1

TEMPERATURE CO2 02 N2 EXPOSURE R.H. MORTÀLITY S.Ð

10.43 71.10
20.30 91 .30
20.30 91 .30
20.30 91 .30
20.30 91 .30
20.30 91 .30
20.30 91 .30
20.30 91 .30
20.30 91 .30
20.30 91 .30
20.30 91 .30
20.30 91 .30
20.30 91 .30
20.30 91 .30
20.30 91 .30
20.30 91 .30
20.30 91 .30
20.30 91 .30
10.12 77 .20
10.12 77 .20
10.12 77 ,20
10.12 77 .20
10,12 77.20
10.12 77 .20
10.12 77 .20
10.12 77 .20
10.12 77 .20
10.12 77 .20
10.12 77 .20
10.12 77 .20
10.12 77 ,20
10.12 77 .20
10.12 77.20
10.12 77.20
10.12 77 .20
10.12 77.20
10.26 91 .70
10.26 91 .70
10.26 91 .70
10.26 91.70
10.26 91 .70
10.26 91 .70
10.26 91 .70
10.26 91 .70
10.26 91 .70

4.90 24.00
, tr^ Ê t¡\

3.50 5.20
3.50 5.?0
3. 50 5.20
3.50 5,20
3.50 5.20
3.50 5,20
3.50 5,20
3.50 5,20
3.50 5.20
3 .50 5.20
3.50 5.20
3.50 5.20
3.50 5.20
3.50 5.20
3. s0 5.20
3.50 5.20
4.90 17 .90
4.90 17.90
4.90 17.90
4.90 17.90
4.90 17 .90
4.90 17 .90
4.90 17 .90
4.90 17 ,90
4.90 17 .90
4.90 17 .90
4.90 17.90
4.90 17 .90
4.90 17 .90
4.90 17 .90
4.90 17 .90
4.90 17.90
4.90 17 .90
4.90 17.90
4.90 3.90
4.90 3.90
4.90 3.90
4.90 3.90
4.90 3.90
4.90 3.90
4.90 3. 90
4.90 3.90
4.90 3.90

96.00 62.90
24.00 64 . 't 0
24,00 73.80
48.00 83.00
48.00 73.80
48. 00 63 .80
60.00 73.80
60.00 63.90
60.00 83.20
72.00 63.80
72.00 73.80
72.00 83.20
84. 00 73 .80
84 . 00 63 .80
84.00 83.20
96.00 73.60
96.00 63.50
96. 00 83 .00
24.00 84. 10
24.00 73 .80
24.00 62.10
48.00 62.00
48.00 74.00
48.00 83.90
60.00 61 .70
60.00 72.90
60.00 83.70
72.00 61.50
72.00 72.70
72.00 83.70
84.00 61 .20
84.00 72.50
84.00 83.00
96.00 61.00
96.00 72.00
96.00 82.50
24.00 84.00
24.00 73.20
24.00 61 .90
48.00 61 .30
48.00 72.90
48.00 83.60
60.00 61.80
60.00 74.00
60.00 83.40

.. cont inued

58.00 0
7.00 2
0.00 2

12.00 0
10.00 2
14.00 2
22,00 ?
25.00 2
21.00 2
43.00 3
47.00 2
39.00 2
63.00 2
71.00 2
s8.00 2
80.00 3
97.00 3
77.00 6
4.00 0
3.00 2
1.00 2

12.00 0
8.00 0
2.00 2

20.00 3
14.00 2
12.00 0
39.00 4
23.00 2
19.00 2
53.00 3
1 9.00 2
26.00 3
65. 00 3
56.00 0
s5.00 2
3.00 2
1.00 2
2.00 3

17.00 2
7.00 4
4.00 0

27.00 2
25. 00 3
15.00 2



.. continued TabIe. 1

TEMPERÀTURE CO2 o2 N2 EXPOSURE R. H. MORTALITY S.D

10.26 91 .70
10.26 91 .70
10.26 91 .70
10.26 91 .70
10.26 91 .70
10.26 91 .70
10.26 91 .70
10,26 91 .70
10.26 91.70
10.20 68.00
10,20 68.00
'I 0.20 68.00
10 .20 68.00
1ù.20 68.00
'r 0.20 68.00
10.20 68.00
10.20 68.00
10.20 68.00
10.20 68.00
10.20 68.00
10.20 68.00
10.20 68.00
10.20 68.00
10.20 68.00
10.20 68.00
10.20 58.00
10.20 68.00
10.39 88.30
10.39 88.30
10.39 88.30
10.39 88.30
10.39 88.30
10.39 88.30
'I 0.39 88.30
'f 0.39 88.30
10.39 88.30
10.39 88.30
10.39 88.30
'1 0.39 88.30
1 0.39 88.30
1 0. 39 88. 30
10.39 88.30
10.39 88.30
10.39 88,30
10.39 88.30

3.90 72.00
3.90 72.00
3.90 72.00
3.90 84.00
3.90 84.00
3.90 84.00
3 .90 96.00
3.90 96.00
3 . 90 96.00

24.70 24.00
24.70 24.00
24,70 24.00
24,70 48.00
24.70 48.00
24.70 48.00
24.70 60.00
24.70 60.00
24.70 60.00
24.70 72.00
24.70 72.00
24.70 72.00
24,70 84.00
24.70 84.00
24.70 84.00
24,70 96.00
24.70 96.00
24.70 96.00
2.40 24,00
2.40 24.00
2.40 24.00
2.40 48.00
2.40 48 . 00
2.40 48.00
2,40 60.00
2,40 60.00
2.40 60.00
2.40 72.00
?,40 72.00
2.40 72.00
2.40 84.00
2,40 84.00
2.40 84.00
2.40 96.00
2.40 96.00
2.40 96.00

61 .90 33.00 2
73.80 30.00 2
83.20 20.00 3

61 .50 61 .00 3
73.00 49.00 2
83.00 33.00 2
61 .90 84.00 3

72.50 65.00 2
82.10 59.00 2
61.90 0.00 0
73.20 2. 00 0
83.30 0.00 2
61.50 11.00 2
73.00 9.00 2
83.50 s.00 2
61 .40 19.00 2
72.90 15.00 2
83.40 13.00 2
61 . s0 40.00 4
73.00 27 .00 2
83.50 23.00 3
61 .00 48.00 5
72.60 31.00 3
83.00 32.00 2
60.90 70. 00 2
72.50 73.00 3
83.00 54.00 3
62.00 4.00 2
74.00 2.00 2
83.00 1 .00 2
83.20 14.00 2
74.10 13.00 2
61 .90 23.00 3
61 .80 29.00 2
73.80 33.00 2
82.80 27 .00 3
61 .90 43.00 3
73.80 36. 00 2
82.80 34. 00 2
61 .80 59.00 3
73.80 47 . 00 3
82.90 s0. 00 2
61.90 69.00 3
74 .00 65.00 2
82.80 63. 00 2

, ôr\

4.90
4.90
4.90
4.90
4.90
4.90
4.90

7 .30
7.30
7.30
7.30
7.30
7.30
7.30
7.30
7.30
7 .30
7,30
7.30
7.30
7.30

7.30
7 ,30
7.30
9.20
9.20
9 .20
9 .20
9 .20
9 .20
9 .20
9.20
9 ,20
9.20
9.20
9.20
9.20
9.20
9.20
9.20
9.20
9.20

.. c ont i nued
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., cont i nued Tab1e. 1

TEMPERATURE CO2 02 N2 EXPOSURE R. H. MORTALITY S.D

14.93 90.90
14.93 90.90
14. 93 90. 90
14.93 90.90
14.93 90.90
14.93 90.90
14.93 90.90
14.93 90.90
14,93 90.90
14.93 90.90
14.93 90. 90
14.93 90.90
14.93 90.90
14.93 90.90
14.93 90.90
14.93 90.90
14.93 90.90
14.93 90.90
1s. 18 78.80
15. 18 78.80
15. 18 78.80
1 s. 18 78.80
15. 18 78.80
15. 18 78.80
15. 1I 78.80
15. 18 78.80
1s. 18 78.80
15.18 78.80
15.18 78.80
15. 18 78.80
15. 18 78.80
15. 18 78.80
15. 18 78.80
'1 5. 18 78.80
1 5. 18 78.80
15. 18 78.80
1 5. 10 69.80
1 s. 10 69.80
1 5. 10 69.80
15. 1 0 69.80
1 5. 10 69.80
15.10 69.80
15. 1 0 69.80
15. 10 69.80
15. 10 69.80

8.00 1.10 24.00
8.00 1.10 24.00
8.00 1.10 24.00
8.00 1.10 48.00
8.00 1.10 48.00
8.00 1.10 48.00
8.00 1.10 60.00
8.00 1.10 60.00
8.00 1.10 60.00
8.00 1.10 72.00
8.00 1.10 72.00
8.00 1.10 72,00
8. 00 '1 . 10 84.00
8.00 1.10 84.00
8.00 1.10 84.00
8. 00 I . 10 96.00
8.00 1.10 96.00
8.00 1.10 96.00
7.00 14.20 24,00
7.00 14.20 24.00
7 .00 14.20 24.00
7.00 14.20 48.00
7.00 14.20 48.00
7.00 14.20 48.00
7.00 14.20 60.00
7.00 14.20 60.00
7.00 14.20 60.00
7 .00 14.20 72,00
7.00 14.20 72.00
7.00 14.20 72,00
7.00 14.20 84.00
7.00 14.20 84.00
7.00 14.20 84.00
7.00 14.20 96.00
7.00 14.20 96.00
7 . 00 14.20 96.00
8.40 21.80 24.00
8.40 21.80 24.00
8.40 21.80 24.00
8.40 21.80 48.00
8.40 21.80 48.00
8.40 2 1 .80 48 .00
8.40 21 .80 60.00
8.40 21.80 60.00
8. 40 21 .80 60.00

80.90 2.00 3
74.30 0,00 0
61.80 0.00 0
61.70 14.00 2
74.00 3.00 2
80.80 4.00 0
61 .70 25.00 2
74.00 15.00 3
80.90 11.00 3
61 .00 51 .00 2
73.80 35.00 6
81.00 33.00 2
60. 90 66.00 5
73.20 s1.00 2
80.90 40.00 7

60.90 73.00 3
73.00 6s.00 3
80.80 59.00 2
83.90 0.00 2
74.90 0.00 0
63.10 0.00 0
83.30 9.00 0
74,30 11.00 2
62.90 9. 00 2
61.80 26.00 2
74.10 23.00 5
83.20 1s.00 2
83.00 30.00 2
74.00 34.00 2
61.50 29.00 2
73.50 49.00 2
61 .80 s2.00 4
82.90 38.00 0
61 .80 70.00 2
74.00 64.00 2
83.00 48.00 0
83.90 2.00 2
74.10 0.00 3
62.10 3.00 3
62.00 16.00 2
74.00 4.00 0
83.80 6.00 3
61.90 26.00 3
74.00 14.00 2
83.10 11.00 2

.. cont inued
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.. continued Table. 1

rr¡'lpenerÚnE co2 o2 N2 EXPOSURE R. H. MORTALITY S.Ð

1 5. 10 69.80
15. 10 69.80
15. 1 0 69.80
15. 1 0 69.80
1s.10 69.80
15.10 69.80
'1 5. 10 69.80
'I 5. 10 69.80
1 5. 10 69.80
20.28 68.00
20.28 68.00
20.28 68.00
20.28 68.00
20.28 68.00
20.28 68.00
20.28 68.00
20.28 68.00
20.28 68.00
20.28 68.00
20.28 68.00
20.28 68.00
20.28 68.00
20.28 68.00
20.28 68.00
20.28 68.00
20.28 68.00
20.28 68.00
19.78 78.70
19.?8 18.70
19.78 78.70
19.78 78.70
19.78 78.70
19.78 "ì8.70
19.78 78,70
19.78 78.70
19.78 78.70
19.78 78.70
19.78 78,70
19.78 78.70
19.?8 78.70
19.78 78.70
19.78 78.70
19.78 78.70
19.78 78.70
19.78 78.70

8.40 21.80 72.00
8.40 21.80 72.00
8 .40 21 .80 72.00
8.40 21.80 84.00
8.40 21 .80 84.00
8.40 21 .80 84.00
8.40 21 .8A 95. 00
8.40 21.80 96.00
8.40 21 .80 96.00
7.50 24.50 24.00
7 .50 24.50 24,00
7. 50 24.50 24.00
7 .50 24.50 48. 00
7.50 24.50 48.00
7.50 24.50 48.00
7. s0 24.50 60.00
7.50 24.50 60.00
7. 50 24.50 60.00
7.50 24.50 72.00
7. 50 24.50 72.00
7.50 24.50 72.00
7 . s0 24.50 84. 00
7.50 24.50 84.00
7.50 24.50 84.00
7 . 50 24.50 96. 00
7 . 50 24.50 96. 00
7 . s0 24.50 96.00
9. 30 12. 00 24.00
9.30 12.00 24.00
9.30 1 2.00 24.00
9.30 12.00 48. 00
9.30 12.00 48.00
9.30 12.00 48.00
9.30 12.00 60.00
9.30 12.00 60.00
9.30 1 2.00 60.00
9.30 1 2.00 72.00
9.30 12.00 72.00
9.30 1 2.00 72.00
9.30 12.00 84.00
9.30 12.00 84.00
9.30 12.00 84.00
9. 30 12.00 96. 00
9.30 12.00 96,00
9.30 12. 00 96.00

a? on 20 ñn L

73.70 38.00 2
61 .70 34.00 2
61 .60 65.00 2
73.20 54.00 4
82.80 34.00 2
61 .70 74.00 2

73.20 63.00 3

82. s0 58.00 2
84. 10 0.00 0
74.60 0.00 0
53.80 0.00 0
62.90 10. 00 3
74.00 9.00 2
84.00 4.00 0
62.50 31.00 2
74.00 24.00 0
83.80 32.00 0
83.90 44.00 3
7 4.O0 44.00 0
62.60 58. 00 2
83.80 53.00 2
74.00 53.00 2
62.50 66.00 2
83.70 71.00 3
73.80 65.00 2

62.Q0 73.00 2
63.90 8.00 2
7 4.80 3 .00 0
84. 10 0.00 2
63.50 13.00 0
74.50 9.00 2
84.00 4.00 2
83.80 1 6.00 0
74.00 21 .00 0
62.90 23 .00 2

83.60 36.00 2
73.90 40.00 2
62.90 45.00 3
62.80 5s. 00 2
73.90 49.00 0
83.70 45.00 2
62.60 60.00 2
73.70 53.00 2
83.50 49.00 0

.. cont i nued
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.. continued Table. 1

TEMPERÀTURE COz o2 N2 EXPOSURE R. H. MORTALTTY S.D

20.00 91 . 10
20.00 91 . 10
20.00 91.10
20.00 91.10
20.00 91.10
20.00 91.10
20.00 91.10
20.00 91 .10
20.00 91 .10
20.00 91.10
20.00 91 . 10
20.00 91 . 10
20.00 91 . 10
20.00 91 . 10
20.00 91 . 10
20.00 91 .10
20.00 91 .10
20.00 91.10
9.70 80.60
9.70 80.60
9.70 80.60
9.70 80.60
9.70 80.60
9.70 80.60
9.70 80.60
9.70 80.60
9.70 80.60
9.70 80.50
9 .70 80.60
9 .70 80.50
9.70 80.60
9.70 80.60
9.70 80.60
9 -70 80.60
9.70 80.60
9.70 80.60
9.90 68.00
9.90 68.00
9.90 68.00
9.90 68.00
9.90 68.00
9.90 68.00
9.90 68.00
9.90 68.00
9.90 68.00

24.00 84. 00
24.00 74.50
24.00 64.00
48.00 84.00
48.00 74.20
48.00 63 .80
60.00 83.90
60.00 73.80
60.00 62.50
72.00 83.80
72.00 73.6A
72.00 62.80
84.00 83.60
84. 00 73.40
84.00 62. s0
96.00 83.50
96.00 73.00
96.00 62.50
24,00 84.00
24.00 75.00
24.00 62.00
48.00 83.80
48.00 74.20
48.00 61 .90
60.00 83.00
60.00 74.00
60,00 61 .00
72.00 84.70
72.00 74.70
72.00 63.00
84.00 84.30
84.00 74.20
84.00 62.00
96. 00 83. 00
96. 00 62.00
96.00 74.00
24.00 74.00
24.00 53.00
24.00 82.00
48.00 63.00
48.00 75.00
48.00 81 .00
96.00 62.80
96.00 7 4.90
96.00 81.00

9.00 2
8.00 2

11 .00 2
17,00 0
20.00 2
18.00 2
30.00 2
34.00 2
37.00 3
47.00 2
45.00 0
48.00 3
bb.t,u ¿

70.00 2
65.00 3
81.00 2
85.00 0
81.00 1

0.00 2
1.00 2
3.00 0
5.00 3

16.00 0
18.00 2
20.00 2
30.00 2
33.00 2
29.00 3
39.00 3
43.00 4
45.00 2
51 .00 2
59.00 2
61.00 2
77,00 2
70.00 2
1.00 2
2.00 1

0.00 0
11.00 4
12.00 3
2.00 2

39.00 2
39.00 2
31.00 2

7.50
7.50
7.50
7.50
7.50
7.50
7.50
7.50
7.50
7 .50
7.50
7.50
7.50
7.50
/ .5U
7.50
7.50
7.50
8.00
8.00
8.00
8.00
8.00
8.00
8.00
8.00
8.00
8.00
8.00
8.00
8.00
8.00
8.00
8.00
8.00
8.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.40

.40

.40
,40
L^

.40

.40

.40

.40

.40

.40
¿ô

.40
1 .40
1 ¿.^

1 .40
1 ,40

1 1 .40
1 1 .40
1 1 .40
1 1 .40
11.40
11.40
11.40
11.40
11.40
'1 1 .40
1 1 .40
'1 1.40
1 1 .40
1 1 .40
1 1 .40
11 .40
11.40
1 1 .40
32 ,00
32.00
32.00
32.00
32.00
32.00
32.00
32.00
32.00
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Table 2. Mean and standard deviation (S.D) of the mortaliby of
C. ferrugineus eggs exposed to various controlled atmospheres '

Temperature o2 EXPOSURE

h

MORTÀLTTY S.D

20 .40
20 .40
20 ,40
20 .40
20 .40
20 .40
20 ,40
20 ,40
20 .40
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20,90
20.90
20.90
20.90
20.90
20.90
20,90
20.90
20,90
10.40
'1 0.40
'1 0.40
10.40
10.40
10.40
10.40
10.40
10.40
9.20
9.20
9.20
9.20
9.20
9.20
9.20

70.90 s.00
70.90 5.00
70.90 5.00
70.90 5.00
70.90 5.00
70.90 5.00
70.90 5.00
70.90 s.00
70 .90 5.00
80.00 4,20
80.00 4,20
80.00 4.20
80.00 4.20
80.00 4.20
80 .00 4.20
80.00 4.20
80.00 4,20
80.00 4.20
90.70 3.50
90.70 3.50
90.70 3,50
90.70 3.50
90.70 3.50
90.70 3.50
90.70 3.50
90.70 3. s0
90.70 3.50
68.90 4.00
68.90 4.00
68.90 4.00
68. 90 4.00
68.90 4.00
68.90 4.00
68.90 4.00
68.90 4.00
68.90 4.00
79.00 4.90
79. 00 4.90
79. 00 4 .90
79.00 4.90
79.00 4.90
79.00 4.90
79.00 4.90

24.10 24.00
24,10 24.00
24.10 24.00
24.10 48.00
24.10 48.00
24.10 48.00
24.10 95.00
24,10 96.00
24.10 96.00
15.80 24.00
1 5.80 24.00
1 5.80 24.00
1 5.80 48.00
15.80 48.00
15.80 48.00
1s.80 96.00
15.80 96.00
15.80 96.00
5.80 48.00
5.80 48.00
5.80 48.00
s.80 24 ,00
5.80 24 ,00
5.80 24.00
5.80 96. 00
5.80 96.00
5.80 96.00

27,10 24.00
27.10 24.00
27 .10 24.00
27 .10 48.00
27 .10 48.00
27 .10 48.00
27.10 96.00
27.10 96.00
27.10 96.00
16.'1 0 24.00
'1 6. 10 24.00
16. 10 24.00
16.10 48.00
16. 10 48.00
16. 10 48.00
16 ' 1o 

?î:îî. .

84.00 2.00
73.80 0.00
63.40 10.00
84.00 20.00
74.20 15.00
63. 80 20.00
83.00 40.00
73.00 40.00
62.50 45.00
83. 10 5.00
73.50 15.00
63.10 20.00
82.90 20 .00
73.00 15.00
63.00 20.00
83.00 50.00
73.00 60.00
62.50 60.00
82. 50 20.00
73.80 15.00
63. s0 15.00
82. 50 5.00
73.80 15.00
63.50 5.00
83.70 55.00
73.40 60.00
63. 00 70.00
83.00 5.00
73.50 10.00
62.50 10.00
82.90 15.00
73.50 20.00
62.00 1 5.00
82.50 35.00
72.90 50.00
61 .80 55.00
83.80 1s.00
74.00 15.00
63.70 0.00
83. 60 25.00
73.80 30 .00
63. 00 10 .00
83.00 30.00
. Con t i nued



Ternpe ra t ur e COZ

L/o

EXPOSURE R. H. MORTALITY S.D

h%%%
N2o2

9.20
9.20
9.90
9. 90
9. 90
9.90
o oa\

9.90
9.90
9. 90
9. 90

20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.00
20.90
20.90
20 .90
20.90
20.90
20.90
20.90
20.90
20.90
10.20
10.20
10.20
10.20
10.20
10.20
10.20

79.00 4.90
79.00 4 .90
90.40 3.80
90.40 3.80
90.40 3.80
90.40 3. B0
90.40 3.80
90.40 3.80
90.40 3.80
90.40 3.80
90.40 3.80
70.10 0,20
70.10 0.20
70.10 0.20
70. 10 0.20
70.10 0.20
70. 10 0 .20
70.10 0.20
70. 10 0.20
70. 10 0.20
80.70 0.30
80.70 0.30
80.70 0.30
80.70 0.30
80.70 0.30
80.70 0.30
80.70 0.30
80.70 0.30
80.70 0.30
88.70 0.50
88.70 0.50
88.70 0.50
88.70 0.50
88.70 0.50
88.70 0. s0
88.70 0.50
88.70 0.50
88.70 0. 50
68.00 0.00
68.00 0.00
68.00 0.00
68.00 0.00
68.00 0.00
68.00 0.00
68.00 0.00

16. 10 95. 00 73.00
16. 10 96.00 62,00
5.80 24.00 83. 50
5.80 24.00 73. 50
5.80 24.00 62.80
5.80 48. 00 84 .00
5.80 48.00 74.00
s.80 48. 00 62.50
5.80 96.00 83. 00
5.80 96. 00 73.00
5.80 96. 00 62.00

29.70 24.00 83.00
29.70 24.00 73. 00
?9.70 24.00 63.00
29 .70 48. 00 84.00
29.70 48.00 74.20
29.70 48.00 63.80
29.70 96.00 83. 00
29.70 96.00 73.00
29,70 96. 00 62.50
19. 00 24,00 83.00
19.00 24.00 73.00
1 9.00 24.00 63. 00
1 9.00 48.00 82.90
19.00 48. 00 73.00
19.00 48.00 63.00
1 9.00 96.00 83.00
'1 9.00 96.00 73.00
19.00 96.00 62.50
10.80 24.00 82.50
10.80 24.00 73.80
10.80 24.00 63. 50
1 0.80 48.00 82. 50
10.80 48.00 73.80
10.80 48.00 63.50
10.80 96. 00 83.70
10.80 96.00 73,40
1 0.80 96.00 63. 00
32.00 24.00 83.00
32.00 24.00 73.50
32.00 24.00 62.s0
32.00 48.00 82.90
32.00 48.00 73.00
32 .00 48. 00 62.00
32. 00 96. 00 82.00

40.00
60.00

5.00
5.00

10.00
15.00
1s.00
15.00
3s.00
50.00
55. 00
20.00
20.00
30. 00
30.00
30.00
40.00
55,00
60.00
75.00
25.00
30.00
35.00
30.00
35. 00
50.00
50.00
65.00
80.00
20.00
25. 00
30.00
30.00
60.00
60.00
Et alt!

75.00
85.00
15.00
1s.00
15.00
20.00
30.00
25.00
40.00

0
0
4
4
tr
q.

4
4
4
0
0
5

tr

7
4
0
4
0
4
0
t

4
4
t

q

4
0
0
4
t

5
0
0
4
4
4
4
4
4
4
2
6
5

.. cont inued
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,. continued Table 2

Temperature

I

co2 N2 EXPOSURE R.H. MORTAL] TY

h%%

S.D

10.20
10.20
9.80
9.80
9.80
9.80
9.80
9.80
9.80
9.80
9.80
9.00
9.00
9.00
9.00
9.00
9.00
9.00
9.00
9.00

s0.00
60.00
15.00
.1 s.00
20.00
35.00
45.00
45.00
40.00
s0.00
60.00
20.00
15.00
20.00
30.00
3s.00
30.00
s5.00
6s.00
60.00

68.00 0.00
68.00 0.00
79.30 0.30
79.30 0.30
79.30 0.30
79.30 0.30
79.30 0.30
79.30 0.30
79.30 0.30
79.30 0.30
79.30 0.30
90.60 0.20
90.60 0.20
90.60 0.20
90.60 0.20
90.50 0.20
90.60 0.20
90.60 0.20
90.60 0.20
90.60 0.20

32. 00 96. 00 72.90
32.00 96. 00 61 .00
20.40 24.00 83.80
20 .40 24 .00 7 4.00
20.40 24.00 63.70
20.40 48.00 83.60
20.40 48.00 73.80
20.40 48.00 63.00
20 .40 96.00 83.00
20.40 96.00 73.00
20.40 96.00 62.00
9.20 24.00 83.50
9 .20 24.00 73.50
9.20 24.00 62.80
9.20 48.00 84.00
9.20 48.00 7 4.00
9.20 48.00 62.50
9.20 96.00 83.00
9.20 96.00 73.00
9.20 96.00 62.00

5
7
4
4
0
4
?

7
7
5
6
0
4
6
tr

4

4
4


