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PURPOSE

This work was nndortaken to determine w-hat factors

are conceimed In the resistance of grain wecrils to

fumlgants. The two species of weevils known to regularly

Infest grain, the granary weevil (SitophiIns granarins

Linn.) and the rlee weevil ( Sitophilus oryza Linn.) were

used. The com blllfcog { Sphenophorus eallosus Oliv.)

was used for some comparative histological studies.

Attention was chiefly concentrated upon the possible

role of Biechanical respiration In resistance. The action

of the spiracles was given particular attention. The

problem was attacked both from a physiological and a



histological stendpoint* CevtftM peeuliftritles of pen*

Zt la a pleaauva wmMmr tkmn an oblig&ticm to ae*

imairledgo tSam ImXp giv«n w» &a tiila task tgr Cp. 8* E«*

I^Hier and X)r« R. H« Palntor* X am also iniSm1Am4k to Dp*

B» C« iniilii fev varlotM iiMe^aatioRa*

iklthoug^ It long haa been knovn that eex>taln inaee^

mm resiatimt to killtog b? ehemleal siiMitaneea, littla

effort haa tiaen m^m to tsetefsdne wfaat ph^aioloi;lcal

factoid InfliKoiee aaift tt<ntzK>l ti^ roa&atwMNi* J Jidlesa

t»ata ha«« tmmt fna^la to aiaeovev ^m *|3«yewntft0a ktll**

aDtttliisA by tho aetion of apeeiflc and s>roprlotai7 Pom»

pMnda, v&t^ no e(mald»i«ti<my af>|MMMMttly» of hov tiMMMi

«3^»t«na0« br«N]||^t AiNstzt ttie r^atilts* <l!l» mm» haa alao

bean tnift of atudiaa of immet x>e8pii«tloci; ita relation*

ataXp to inaaetleldaa \m» bai«dly la»en tctmt^BteA*

It waa ia 1904 tl)ot S«iag« vliila e$i(p^d In atudlaa

on Ortli^^ra» diacovex^ that ttia MMlianiea of iaaaet

rcsptraticKn la Intliaately aaaoeiate^ with tdsa aaeg««<aii

ganglia* in a pa^r aa yet unpubXli^ied^ I iaa>9» alao

dlaausaatf IMa oheracte3f>l8tle aa It la found In ttw

lai»t»o of eet>tain Anlaoptora*



fht tao&t Ht/emnof^ 9tadl»B an the i^latioiuihlp of

ptilsfins to IXMeet tlts^lolo^ v€»ve miii tqr Sliftf»x»» sad

were yrt)ltrt»«i! In 1911 am 19X5 • Siuifor us^^ etilcfly

speelEBsns «if yftttffllliHi ffly«Wft«|i la itia tests. Se mdt

eoe^iefttetd uppttnitus fop the dtwSsr of ths pbsrslolocicaX

re^etiorui of tim 1»eetld»t and ftico p&rfomasd mnsvoua

elMraloal t«sta« Re dl3cof»v«d tl»t ttat betttlea t«»r» not

«ft«ll7 killtd 1i:r attftoefttioa^ ana tliat tb» action of

poiaona eould not be eonpavviA with Vt» effeeta of suffoca-

tion. MamtfteVf tliare vara no tBOfMd eliaagaa In tha

tlaataaa ef tvaatad iaaaata i»ti3^ aavax«l houx^ after

daath. The polaoaa da«tr«vaa 9» graatlT ra4aaa€l the

oxldaaaa^ iwoiiclbaaaa anifi catalasea of fSno hlccd* Soksg of

the foola^ta vaadaxed naa. oaiafeapaaaa laaa por^oaaU^ to

o^gni* ahafax* e^^^eliiaea that the aetion of abaa^aal

poiaona v^on inaaeta la purely pliQralolo^oal*

Xiliiieo (1916)^ exporlia&ntlng iffi«h honey baaa anfl

with m^b$M o&m to the eoncluslon that nicotine apmya

do net penetrate the ti«eheal agrateni* Ed atatea that the

newmia tiaaus of inaeeta killed by nicotine vetmao^em

hlatologieally that deprived of oxfffm* In the aaiaa yeai»

HocKra (19]£> fauad that oaadc acid coea noi: ; r ''.j-

t«»eheae» Later (1917) Im found that a large ntsober of

davivatlvea are laora teaiie to hmiM fllea then
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carbon dlaulphldd. H# atatet that the toxicity of thsM

WMapaMBato Is di3*eetl7 propoirtional to tSiclr boiling points.

Kills eo0i0sd «ltii pumly ivspSinitcry ^rk, !Qn>|^

(1080) d«old«d Hiat th«r« sr« tivo general types of Inseet

respiratloiii that whieh tolces pl&ee nostly be dlfftialon,

smd that aided fe^^ n^^anical action. Insecta depending

upon the former type of respiration ueually have « vatm

rigid traeheel system theri ^t./^fl^l ,n*^r-f*><r ^xse of Miehinleal

action • The bearing of this on the problea: of reelstanee

will be dlseiMieed later

»

Bodlne (1988) fbtxnd that anaesthetles flret Increase*

and lftt«r deereese» the earbon dioxide cutptit of insects*

laek and Cotton (1935), after an extensltre series of

exr^erlffients with various volltlle organic eoavetinds, con*

eluded that ethyl fornate and ethyl eeetate are vary ef*

fective fftisdafttste ffa* the rlfte veevll, I??«p<t3r® nt^tyl

•eeteite proved injurIcua to g^ln. It is interesting that

these vorlters found a isljcture of ethyl acetate asid earboa

tetraehlorlde • oore effective ftralsant than the ethyl

•setate alone.

Z4M <1928) fotmd that the respiratory noveaents of

lelanoplus differentialIs and ||« feaaur'^rubrtas fbllov a

regular seqpwnee* and that Inspiration ta&ea plaee chiefly



thra^sH the tl«rael« Mi flr.t %m> pair, of nMomlnal

•pir^la*. while eicpiraticn tatoaa plaea throu(^ tbe r-

gaining abdominal splracler. Closure of the expirator,

splraele. ««•• «iot graatly affect ma Inaaot. but blocJ^

ing of the inaplratorj aplraelet eauaea aaphyxla, to

g„»ral. tha work of W^ tlfl«6) •»^» '^^^ *^* °' ^•

wrtto feoU**^ that %lm ZM»fw» e*>nt^ol of reaplratlon

(jgi^^s^H upoB the carbon dloxia« pr«a«w»»

BHidoy and Balwr (1927) t^tad tha effect of both

•thyl aootata mA h^H^J^^c aoW tipon ^loua laaecta.

including both the ,r«W •»« rlee i.aa^l«* «hoy clala

«^t the addition of ethrl •^^^^ ^ hydnn^lo add

U«w«aea Ita toxlcltr. Ttmr ^ th^t tmm^tm^ ^
ftoenoea the t«d.o effect of hydroeyanlc acid, but that

fu^4^*f |jriN*a7 doea not.

fbm la«««ta usad In thla work wara tha granary waairll

(SIBia«H. py«^^'>« ^"^-^^ *^ ''^^^ '*•''" tsitophU^

IgQQ* LlnnO, «« «b« «^"^ ^^^^^ (Sghenophorua ealloas*

Ollv.). The bUlbue wa. «aed only for ttie aak. of aakliii

wrtain coi««rlacn. in connection with tJie «o»pliolosy of

the aplrBClea and eeeoelated structwrea.



the adult gnjamty waevll varies In length from mpm

yroxiontely two to three inHllnetera, It is about tmm

ldlllaet«r In width, it ia oahogaay brown In color and

•n be dlatineulahed si^^ierfleially fpom f»m ri«« weevil

by its poliahed aurfaoe* 1!bere are no taetathoraeio winge,

fhe riee weefVil is a little smaller than the granary

weavll. The atsrfaee of the body la dtai» Altbon^ eMh
elytron bears a sub*baaal and a aub-apleal spot, these

are not always dlstlnet* Mar9t»logieally there is little

difference between the riee sod grajary weevils, lbs eom
billbttg« although olosely related to the above si>eeies,

differs aatwially ftpoia thfts In structtjre. It is abeot

eme lntS\ In length and a fourth of an lash in iddth; the

eolor ie blask* All of these speeies have Ave pairs of

MiOBdnal spirael.es« The gtmtn weevils appear to have a

pair of theraele epiraeles not pswmba ta tb* blllbixg. Jn

all of fftieee iaseets the proximal pair of abdominal apir-

acles are larger than the others. The abdominal piracies

lie in the pleural eoria, between the highly ehitiniaed

ventrwi and thinner dorsun of the abaoBsn. The thoraele

apiraeles aopear to be located aser the baeea of the

netathoxaclc legs*



i^ ttvmt experisKttt conaloted in pl^elng tlM te«tl«s«

tlmt killed vlt^ «tligrl Me^ftte op byfli'ocyfunie ftcld^ in

UnOim ink undM* t«6ueea 9ape««ur«« llse inseots treated

vi^ tbo two fin&eMt« wvre sOseed in sepofste vlaJLa eoa^

tftining lnk|^ mn& th««e* in tuynj, weife 9l»e«d in a stout

glM* bottla* flMi bottla «u then jpartiaily asiiftUBtaA

fop fly n|iiiit««y after ttiat tiM be«tl^ van veBOvaA

azsd diaaaatad«

lOm aeaaaaitsr fop hiatolosical axaiainatiQia of t£u»

apipaclaa aaa ao<» eirldent* Slie baatlea nape diaaaotad

vsulep £if%- pap aaat aicaiial with the aid &f a binoculap

nagnin^p* and «lii ^topatm paiaova«* Qraally Um mixk

tva^dseal tpunka^ wltii tiie aeaociatad apipaelaa» a^Biapad

to tills* snaf were auIiaiVMmtlar fai»red, paaaat tinm#i

$gmamA alaabole^ and acnsstod. Vapio«ia aitiw^^ of trc&t-

MMit wmm tpiad, in acsae aaaaa thi ai^t tiaauea w»pa

laft j in otbapa tiaeaa wmm paaovad vitiii aocwantrated

aodiura Iqrftpaacida solution, Flhrlieh's !ie«8*t{a7^1ia and

aaaln orare uaad fop ataioiag uaa t^iaai«»a*

In cvdap to teat tina affeat of etfagrl aaatata and

ta^dpuevmiiir acid on ^a apipaalaa, tjaatlae ware tpaatad

wxtix aaeu o£ uiaaa aubataneea until ttoOy aovaaanta eaaead,

aftep aiUeb tbay wopa dpe^^ed into aapm Capnoir^s solution.

Aa a eliaelc^ oounta aepe alaa niftde fposa liaatlaa killed in
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C«f>i!iGi^*s solution ftl(»^« tt mm thovig^t tiast beetloa me

tipofttod ^iQtaa riaem, «liae nenrnta voire B»d», mxxg^ dtffptxn
ta»t the fuBdaMits oiiglit Iwve «» ^le aetlon of tim

apls«el««»

To verify certain «n«toiBleftl tftta, as well as to d»«

tttvoiias vbat offset tin tmi^m^ ml0aik kmmt ea tba

tissues, some seetions were «Mlo« Weevils deprived of tlie

mere eliltinoos fasts «ef« eaiM^Hed in ^avaffiii, eiit into

eeetlORS ebottt tliii^ty cAcr-ana tliiok, anA stain&d with

irc»i«4}a]aRtotxsrllB ai%A Lictxtgi»fbi« Similar sttidUles wm
«•#» of tSbm billbug, imt oily eliele ssimmts eei?e used*

Tt» effeet of poisons on tim tw^bml s^rstem of the

living insects eou3L<S be studied with tim aid of a gee

tigefMber deirieed for this purpose* The ae^Miiieai eecMie^sd

^ m giasa ring aeoBted i^p«i an ordinevsr glees eUds with

bslsesi and BilBuittasiQr*e ewsMit* Teo ^laas tcdjee» also

eeoaented to tioe elictei, eonmmlcatod witu t^.ia ciuxabcr,

fhe top of tflae etMuolter «ae a looee eqiaax^ of glass held

ti^t hjr rubber bands* The epi»e tietveea this and the

glass ring was filled with vaseline* Gee wee teiMdtteed

i&to ttm ehsoiber tr wens of the following esqiarfttus: A

neek was e«uipg»sd with e rum>er stopper ttstm^ whisii

paeeed a r>lsss funnel and a glass tube* Tb& stem of tlie



ftmnel w^mtitmA a«ftrly to tlse bottom of the fljMk* Qw

gl««« taiw imwiiiwteateg with » bottl« eontalning tliB

fMtaKit* l&ii8« in tvam, conneetAd vitii tlM m* alMiflWf

tlirou#]k • rubber tute fitted witb ft pizie^i<->coek« Anotber

robber tvS» eotidueted ^10 gM fSpom the etHMriber to a

bottle containing a littiie water; tMa tonitA te •iMMfit

IdM Wfy pcH^toROua Uijnftpoo^^snie aolA^ antf tlMi oftatMi^ of

tlM 0Mi tiivou{^h tiie liquid aorved to daaoiiatapata toat ^oa

appaftttttt israa vox^i^ng pMpera;y»

In uaing thla appavtttua f^te pifieliM«^k waa firat

eXoaady and tlM fiaaiel ftlXad with water* Tbe inaeet to

%a atudiedt vftth elytva t^aamA^ ma f^ataaod in tlie

€timmit»T with paraffin* fSie glAsa aittiare waa tiian roplaeed

and tim wliole MiamlMir pH mdar tito t^aoetOar aatg^fier*

A apot of iatanaa ^if^ ^ni8 ooa«a!itMifeatf an ti3» inaeet*

Za t^a worie a lii#i powar ocular and low p«wer ob|a«t&w*

ware uaad* Vkm total laa^ifieation waa ot#iif four* Sbe

gaa waa elloaed to entoip tHe ebaadMr by reSaaaiag the

glaeixwteoici tima aaua^ig the now of wat^r to foree tte

8ia into the ehaaifaer*

Ffjmlly* a aei4«Mi of teata were aade to dateiviiie

tlie aaaqparative reaiatanee of riee waevila to ethyl

aoetate and iasrdroayanie aeid« Tea ^eetXea were used for



•ft(Ai test. They were pla<H»d In a sbslII tobe lightly

pXtig^aA vitb cotton; thl* tate ims plaead in a larger vial

eontaining ealeiua eyanidle or a bit of ootton aaturated

with et^Kf^ acetate. Carefal vateh «a« Isept to itoterinine

just how long each inseet continued to raove. A» soon as

the laat beetle had stopped* all vere resaeired, nnd the

tine that elapaed between tinis z-esDval azid reeovery wmi

recorded*

mam.'ss ta faupsBtmauL wasoi

The results of ink InJiKJtlon are given in the follow-

ing tables « Resulta were oo&sid»'«d positire when tbe

tracheal trui^cs of the abdoKKKi, of which there are two,

appeared block from injection ink.
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11

t«JM£ X

Ink XnJ«etion After Tveetsent With H^rdhMCsrwiU Atftd

of Iff»e

IS*

^^^^
:

Hesults

I 1 8 OZTSft t

j

5

e t 5 IS. 01<78S J

<

5

8 i 4
1

OTCTwrn i 4

4 : S flTTMi ! 5

5 t 4
•

t8«
•

ovyss !^ 4

6 : 9 I8«
1

SMumrius 2 .\ 3

7 s 6 ;S*
«

grenatdua 1 : 5

ft s S IS*
1

ovysft ! 5

9 : 4
1

gx«nApl\is ; 4

10 ! 8
*

icpBmirttis : 5

11 1 4
t

0£!sr&fi 1 4

1ft i 8
*

1

oxysft 1 8

13 t 8 18»
•

atTM s 5

14 : 8 :S« oiTSft 1 5

It is evident tlmt tiie beetles tf^ftted vi«ti byfiro-

eysnle aeld were not xHMdlly injected* On tlie sffelMv teady

mmay tinted wi^ etiisri M«tK«* dSA tfiav Mn» Uti^mm in

ink (Tkble II }•



as

11UII.E IX

Ink l^lMtion After 9m«ts»eii« With H^i Ae«tate

2
^gi^^^^K^^^^

«•

ItaMHilMl

1 J 7 oi«y»» } 5 t S

• 1 6 IS.
t

oiyaii ! 3 i 8

3 t 5 13.
*

orsrw r 4 : 1

4 t 1
1

aiwiftrlut i : 1

8 1 6 orys* 1 3 : 8

6 \ « oi^tt st 2 s 8

t t S
• •

J3.
1

ovTsa ] ; 3 : S

8 1 6 IS.
t

flNUMIf4iW t ! : 5

9 8 gimnavitw ; i 1 : 4

XO 1 «
J

ofTW 3t s : 1

u s 88.
t

ovari* 1 3 : 2

» 1 i 4 18*
2

ISMimpiu» J t 4

U 1 ft

•

OITS* ^ 3 : 8

14 1 1 5
•

t8« "CwyMi 1 1 4 t X

Ste 1W»ult» (MlM»A to Izidieftt* m. pMslibic Mfttoa «t

«h» aiHiraK(lea in exciludiag e«x>tatR tmAm^Its* ElStOlOQ*

iMl. «Rla»« iMK&W9T0 eia not jxistliy stirii «I conclusion*

Xa l^t» aMn0 of the1 splrfteles Appeared tc> be elosed at

•n7 tisWy no B»tt«» ho* til* iiMMWto 9W k:lll«^a. tiAm



•cnaiUonw not affiieted ta^- hl«tolor:lcel teoiMft|«»«

idilttnoaa htm ««««»««» t-.ft^ with the splraclet of tbe gi«a»yf

ftikd rlee VMVlls ««e« not seem fitlsed to Mt 00 an oeeltKl#

tag ftippftivtus*

Ott idM» otter iunfly tho tiXlbugSy vhich bavo » Mttor

Intricate o«iA«dtac ai^aratut, a^najt bad tbe tvaciuMie

eloaed after death* Ihls eloa^jre rmn alao apparently im»

innmmmA ligr the vagr in irtiich wie aoetisa wcm iiiiioa*

file openings wm quite as ti^itly elose4 in those treatod

with ethsrl aeetsta as in tttose t^eetea «t«h l9#iN»eyaai#

acid*

KttBlaetion of living insects te the gss elMibor 4it

»ot rt^vml flMH thet ad^it not have heen predicted, Set

amy were ttie spiracles visible 1 t^ treelNM were <A>-»

servable ^tii ewi^i «lie trensparent dorevn. Ko perticiOar

i^Sl^en ef the system was Boted« Tinet i^tinous aas oid iKHt

•ppMr t» M«e • gieet deel^ and the MfseoMits that did

occur rdt^i* eeail? htve hena dna to mtmmamm of tits hel^

fluids* It waa noted i;aat an uafoldSag ef the plural

eeria and eoovressioR of the dersias t«ided to ^nit off the

oip s'in::ij to the ti«cii«al system* Insects sv^Je«te4 te

nsrdrot^snio acid ^HeiOsr atop«K»d all re^lmtaey nsffSiUnH^

i^iile theae treated «lth ethsrl acetate eawMMMNI ttmm

Mwrewante for som tSae»



1

yeaulta of the yealatcince of ttm rie« weevil to

lisrdroeTaniie metA ftp» give» in Table IXX« iaek of oaiteriftl

•ad tjbaa i^wvanted tiia repetition of tbeaa teata on tha

laaiatane^ of tba ldl«» Haavil to Qy^Meywaic Acta

1

Hovai^tf afftfi* s Movciaanta i^eaimsd

1 ; In I isinute i In 8 riilnutea

2 ; In 2 rnlnutea : In 8 mintxt«a, 30 aaaaate

8 I Za S atautea s Xn 3 minutea

< In 2 slnutea i In 3 ato«fta«

5 J In 3 ateatas 3 In 5 EtlTttrfcoa

6 « ibi 3 oiAutea : In d t3iaut;ea

7 1 In 3 iJinutea i

6 t Xn 4 adliiutea s

t In 4 sdnutea :

10 : In 3 miniitaa s

U t Za X adnuta i

la t Za 1 ainuto i

19 ! In X atoufea t <l

M t Za t i^Uuitaa a

iM t Za 2 Binutea s

IS s In 2 lolBtttea J



tASm III Cont'd

JbHtft fc< HMraaettts ceased : ItBJMMiillf r©»ua»d

vr t &i 8 aitnttfetM »

18 s In 3 Bdnttte* 3

VBf 1 In 9 MtfluHiMi
•

t

SO
t

1 Xa 3 xsSnutftc
*

:

21
I

$ Sa 30 ••voids
Ik

t Xa XO sttoitt»«

S8 s Xa 30 —•aaai s Xa mi oteofcvft

83
•

t Xa X minmfeV t Xa 30 ininut«ft

&4 } Xa X atanlft
ft

1 Xa 33 Bdnutftft

M
•

I Xa 5 aln»t«ft :

M *

t Xa 8 aAfim»9 :

ft?

3

3 Xa S Eataixfe*^ t

ill

I

f Xa 8 aiautes
ft

t a

89 t Xn 6 aiautoft t

80
•

s Xa 5 sdautei «

fli» fttfiiBCft itt tli» ISsivd e^ana tiiite«te elf^ier thftt

the laM«ta did aot recover, or that ttMy reeovereA
«al7 mttmf • {lert^ ^ «ap«tt%«#inir lioiws*



fiWt—at vl^ Qttqit MtttftlM 0iv« tlie >«ftults in*

dleetea in tmhle XV,

tAMUA XV

Inaeett

1 J

MriMMMHKlHi MiMMbd

la 7 ialTiwit©» t In \2 tsinutet
4

2 i In 7 alnute«
•

I In IS ndntttes
•

3 5 In 7 i«a«t«« t In 18 fldJWifc**

t

I4 i In 7 tatsu^iMi

5 : In IS lilt— s

1

:

t

i

5

I

:

2

6 '. In 1& fldUmte*

7
'

e Xn 18 fllAt^0«

8 1 In Id aftmftM

» 1 In 19 iiliHH<t<

10 ( In 14 aftauAM t

•

11 t In 8.5 mlntite* t la 9 alntitfia

28 ( In 8 aftnuften : In 17 latmtbM
a

18 t In 3 «tauM« £ In 18 mSMnaam^
8

:

•
14 * In 3 MtAMtMl

IS : In 3 Rdnut«« :

•

%B t In 3«8 aisaab^B :

s

!Vf I In 4 isinutMl



fkBI£ XV Cant*A

.Jmaam
Zn 4*5 ntaiifeM26 > :

19 X In 4*5 minQt«« :

80 t Xn 7*5 8t]iate« 5

UX i In e minutea " ^W»W ^^ V^BHM^RWV^V^VV

28 : In 8 Mtmitf »

*S t In 8 nlfnifce* i

84 : Xb 8 ai2»ilse« J In 10 rrdnntM

Ml t In 4 odfialiea t

B6 s Xa 4 Bdiuttes i

8? : In 4 sdnutofl :

«l t In 4 !iii»fe0« !

89 t In Q fntiiiifi t

90 t In 5 iiiinut«8 i

•«ti»ll]r little dlfftereiHM In efflelMMjr •• killiag

•^ents Ixitwft^i tiydrmyanlc »6l<S ftnd ettqrl «eet6te* Any

atffBfwoM tl»t exi8t« favors e^brl aoetftto m « ktiiiaf



IS

m|li<lem<fXly the tfuAMnil cyvtm of <^ ei«te

«*«vll is ot (Sf-Wkt Interest* Xt la wtwmmmllsr tht

•MM in bo^ tasm vice «nd 1Si» gnmw vewiX* tt* More

tapMtVBt mvtm ftv« the 2Ar8» treeheel ^mmim «^ieh Ue

itt eith^ ei^ of the lM4r eevity, tbe spireelee, end tte

ttruBturee ««eeei«tea ^ith the epirecles. In title t9M««s

tiMi ^mebMa twBin ere lAvm, eingXe* end ia»a3r*te«zH»ie4*

IMb ftbdondUml trurdc eoneiete of e lerfle iNRitrel and e

eillor 4ftieal treohee* ilieee treebeee ere foeed et the

pXaeee w/kmr* thiy eeasiunleete vith spireelee* flie epir*

•elee prapmf ««ttitete of hi oval opening with m Move t»

iMMt cMtlnoae woRCin* Shie i« represented ty "s* in

Flete XI* 99m thU « tube (A) eooneots wi«i e i^lxrimXer

veeiele or elMMfter (V). At tiie point of union the treetaee

Is vamh m^mm& in disavfter* Zt is eXes «liwnMSte<>iAe4 tr

tlM ipiowinoe of e ehitinoua bov (B), vhieh seet to lie sn

integreX pert of tlie trtteheeX tmix* X bsve not been sbXe

to determine that this hem eer^ree aagr 9iW90M>» exeepting

« possible stvport for t^iis pert of the traehea* Xnaa-

wm^ »s the whoXe traeheaX systea of tibese insects in

quite rif^id^ this fisiction «•«• eiverfluous* Indeed



tiM «tiii&«r ot t^ tsfwmm todiefttM a pespirAtlon Urgilgr

itptttatttt V9m Oiffusion* Xn t^ite dx«Eirt]ig» 9 maA T^ in*

tfloftte f««p»ctivel3r lb* tfovMtX and iNrntval tevaetift* of

Urn «Ma tuithml trunk*

Aaeilter point tiuit 1« difficult to datotoiae is tfa»

•sMt Mitiire of tamt part of t^ ^melM* lying bafcitia

tiie soirftold pi»oper and Idw chitiiioua bov» Xta poaitioa

•^KSavtMi m atviu% but it diffava frooi an atriua in

itm^om »aya» aapeaially irt liatFlas tvaldia. XaM (1984)

atataa ttet tlia ati4iia vagularly **lfiele8 tottlAlrf* (p* 106)*

l^tiwv 'tUia ia an oMtpliao ^ Xmw eiaiia, c:- .>-. ..a

MMNi iittaly* ttia atxdasa 9V«9ar liaa diaappaavaA*

flMi atatua of tba tfitttiwia 1m« ia aada aawaamt

91MQWP tijr tiMi •samlaatica of tha apiifveular appurtaataaMi

of ti^e billbug* In tliia apaaiaa the aplfaola is BXtfgttKkjt

ha«rt«rtMkpid» aadl tlMwo ia a %m» atriuau ffaa vallWla*

velopad aloaiag appM^tiia eonaiata of tao triang«ilap

ptKtmtt adfh two of tliuDir idseaptar sldoa apppoatoatada. and

tviMiglaa at« auvvaA inwu^ and aonaaataA tiar a Daad of

WMMlaa* B»ta«aaii ttm vp^mmA fMaa of tiia i^piangloa ia a

alit atiioh ia apaaad or oloaad by t^^ aation of tt»ae

anaelaa* l<aiig trtdant baiva intarlaaa aairoaa tba opantag*



Qtk Cb* inner aurfft««» ^3X9 ocoludlne mpp^-mtvm c<

Wlt*« with » liirsi »»aowAfml tilr^ffftc; typieal in being

without IMMMttUlM)

In iBMiptag witli vHiikt bee been eteted by K3*o^ (X080}

in vespeet to the «MiM«»tlve rigidity of the tiwebeel

vyuttm^ it mpptmsm thet tliie «eftUer rigid syete:^ of

il^fttf{4|qi mmasim «nd s. smm *^ eoprei«ta« with m

reepirfttioa Iv diffusion^ end thet tbe eyetea found in

MHMMMni W'^^'WW^ i9 relfttaft to mB0mni,eml bre«thlne

eyeteai prcrtMbly aeteeeersr fQ» eo ler|!& en enitael*

ttM M«» w&iPit be eaid of tiho cloeiAg epparetue*

Cae bow found in the 0mtM w^eirils my be e d*aM«Mi%w€

oceluding s]6tibeni«u It baa no nusetoa to bring About

oeeliaaion^ and it baa loat ita intisiate oonneoMati wilSi

the body wall. TbB atrivna momoM to have diaappwajwd*

that tluMe be«tiws are tsMte«e^Uig dwsnaevative omam* ^a

very pr(Aable* ttw granary wwevil haa already loat ita

It ia to bo dotdyted if the diffWran— in action of

fiwAgHita ia wa^Mtnieal* It zaay be that i3b» aaaaation of

hrewthing wflvaamita eauaed by hydrooyanic acid reatrieta

poiaoning to that of alov diffuaion* It ia alao poaaibte

tiiMt wthyl &cetate aota differently upon the nervous

(Vywtwai than dioaw ^Sm iifsf^ivoefmtlc a«id« Since the
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respiratory movements are controlled \>j the sogpsiental

ganglia, this may be mare significant than It appears.

The histological sections did not show any degenera-

tion of tissues,

C0ECLU3I0KS

!• Ethyl acetate Is slightly more effective than

hydrocyanic acid gas In killing the granary weevil

( Sltophllus grnnarlus } and the rice weevil (S. oryza )

.

2. Ethyl acetate does not greatly ehmge respira-

tory movements, while hydrocyanic acid tends to suspend

or atop these nrovanents,

3. There Is no i^parent degeneration of tissue re-

sulting from treatment ^Ith either of t2iese funlgants.

4. The resistance of the grain weevils does not

depend upon the action of an occluding apparatus. The

chltinous bows associated with the spiracles appear to be

functlonless.

5. ^e chltinous bows may represent a stage In ttie

degenerttlon of the functional oecliidlng apparatus fouiril

in the blllbug ( Sphenophorus callosus ).

6. Resistance may be dep^idant upon some deep-seated

physiological condition, or It may be a matter of rate of

diffusion.
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PtASS X

0«8 Chaaber

A, tvb* for entrane« of g^s,

B» ttibe for •Mtipa of gas.

C« £!&•» 8lidft, upcm vhieh parts ar«

nount«d«

B, el888 ring, forralag .HviiMMP*

K* gl«88 M|B8re tiSttd to flotrer ehasdjer,

F9 inseet fa8t«n»d in partiffin blook.

«BiS Oj,» rubbor bands holding gl*M

eover in plaea*
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%riraele and Asaoeiated Struotm><Hi of

j^tophllua yanarina Linn.

a* apirael**

A« trw^MMt b^tnraen spiracle and bow.

B» chitinotzs bcw,

?» VMiiele ox* Inner ehaiaber*

T aasd T.» the dorsal and vontral

Wtaae^mw of the principal tz^ohial






